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PREFACE. 


The  Sixth  Edition  of  this  work  has  been  carefully  revised,  and 
a large  part  of  it  has  been  re-written  in  order  that  it  may  give  a 
more  comprehensive  view  of  the  Chemistry  of  the  day. 

This  was  particularly  necessary  in  the  Organic  Chemistry,  since 
the  method  pursued  in  earlier  editions,  of  discussing  the  composi- 
tion and  properties  of  bodies  as  they  presented  themselves  in  the 
description  of  industrial  processes,  rendered  it  difficult  to  give 
enough  attention  to  their  theoretical  relations.  The  treatment 
adopted  in  this  edition  has  been  to  describe  the  composition,  pre- 
paration, and  properties  of  the  chief  members  of  the  great  divisions 
of  organic  bodies,  such  as  Hydrocarbons,  Alcohols,  and  Acids,  giving, 
where  possible,  the  rational  formula,  so  as  to  exhibit  the  relations 
existing  between  the  groups  and  between  the  different  members 
of  each  group,  particular  attention  being  directed  to  the  practical 
applications  of  the  compounds. 

The  technological  applications  of  the  principles  of  Organic- 
Chemistry  are  then  described,  as  in  former  editions,  avoiding- 
repetition  of  any  part  of  the  earlier  sections,  unless  it  is  absolutely 
necessary  to  render  the  description  intelligible,  the  intention  being 
to  bring  this  part  of  the  subject  within  the  grasp  of  those  who 
have  no  interest  in  the  purely  theoretical  relationships  of  organic 
substances. 

The  work  concludes  with  a consideration  of  the  constitution  of 
the  molecules  of  organic  bodies,  and  of  some  of  the  methods 
adopted  for  the  purpose  of  obtaining  an  insight  into  this,  which 
is  essential  to  the  realisation  of  the  highest  aspiration  of  chemists, 
the  complete  synthesis  of  all  chemical  compounds. 
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PREFACE. 


The  chief  alteration  in  the  Inorganic  Chemistry  is  the  intro- 
duction of  a more  systematic  description  of  the  individual  salts  of 

the  metals. 

To  facilitate  laboratory  work,  weights  and  measures  have  been 
generally  given  both  in  English  and  Continental  units,  and  tem- 
peratures have  been  expressed  on  the  Centigrade  scale. 

The  first  edition  having  appeared  when  Metallurgy  was  still 
treated  as  a branch  of  Chemistry,  more  space  is  devoted  to  it  than 

is  usual  in  modern  chemical  works. 

The  author’s  engagements  at  Woolwich  will  account  for  the 
considerable  space  allotted  to  the  Chemistry  of  the  various  sub- 

stances  employed  in  warlike  stoies. 

Much  assistance  has  been  afforded,  in  the  Organic  Chemistry, 
by  Watts’  Dictionary,  Hodgkinson  and  Greenaway’s  translation  of 
Strecker  and  Wislicenus,  and  Eoscoe  and  Schorlemmer,  especially 
the  volume  devoted  to  the  phenyl  gioup. 

King’s  College,  London. 


PUBLISHEES’  NOTE. 

It  is  with  deep  regret  that  it  falls  to  us  to  record  here  the  death, 
on  the  28th  ult.,  of  the  Author  of  this  work.  The  association  of 
our  Firm  with  Professor  Blosam  had  existed  for  more  than 
thirty-four  years,  and  it  is  much  to  our  sorrow  that  one  whom  we 

most  highly  esteemed  has  thus  passed  away. 

It  is  no  slight  satisfaction  to  us  that  it  is  not  necessary  to  add 
another  name  to  the  title-page  of  this  edition.  The  whole  had 
passed  through  the  press  under  Professor  Bloxam’s  own  hand 
before  he  was  seized  with  his  fatal  illness. 


London,  December  1887. 
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The  numbers  given  arc  not  always  the  results  of  t casil  retaincd  in  the 

weights,  but  those  near  approximations  to  them  wh  oxygen  is  given  as 

memory,  and  are  sufficiently  accurate  for  all  ordinary  calculations,  thus,  oxyge  g 

16  instead  of  i5'96' 
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MOLECULES  AND  ATOMS. 

Chemistry  investigates  and  compares  the  properties  of  all  the  various 
kinds  of  matter,  and  endeavours  to  account  for  the  difference  in  these 
properties.  In  order  to  do  this  it  seeks  to  comprehend  the  relations 
between  the  ultimate  particles  or  atoms  of  matter  which  are  incapable 
of  further  subdivision. 

Matter,  in  a chemical  sense,  is  anything  which  possesses  weight. 

The  finest  state  of  division  of  matter  with  which  we  are  acquainted  is 
that  of  gas,  the  particles  of  which  are  so  minute  as  to  be  invisible,  so 
that  on  looking  at  a glass  vessel  filled  with  air  or  any  other  colourless 
gas,  it  is  impossible  to  say  whether  it  contains  any  matter  or  is  perfectly 
empty,  that  is,  a vacuum.  The  doubt  may  be  resolved  by  heating  the 
vessel,  which  would  have  no  effect  upon  a vacuum,  but  would  cause  the 
gas  to  expand  and  to  exert  a greater  pressure  than  before.  This 
expansion  of  the  gas  proves  that  it  consists  of  a number  of  particles 
which  separate  to  a greater  distance  from  each  other  when  they  are 
heated.  These  particles  are  called  molecules .* 

Molecules  ( First  definition))  the  smallest  physical  particles  of 
matter. 

(Second  definition) ; those  particles  of  matter  which  may  be  removed 
to  a greater  distance  from  each  other  by  the  action  of  heat,  without 
changing  the  identity  of  the  matter. 

If  a definite  volume  of  gas  be  measured  at  the  temperature  of  melting 
ice  (o°  C.),  and  be  then  heated  to  a temperature  of  2730  C.  and  again 
measured,  it  is  found  to  occupy  twice  as  much  space  as  before,  showing 
that  its  molecules  have  been  removed  to  twice  the  original  distance  from 
each  other,  for  the  diameters  of  the  molecules  are  extremely  small  in 
comparison  with  the  spaces  between  them. 

A cubic  centimetre  (about  y^tli  cubic  inch)  of  air  is  found  by  calcu- 
lation to  contain  21  trillions  of  molecules,  and  these  occupy  only  yy^tli 
part  of  the  entire  space ; therefore,  the  sum  of  the  spaces  between  the 
molecules  is  nearly  three  thousand  times  as  great  as  the  sum  of  the 
molecules  themselves. 

This  doubling  of  the  volume  happens  in  the  case  of  every  gas,  so  long 
as  its  identity  remains  unchanged.  Since  this  similarity  in  expansion 
by  rise  of  temperature  is  observed  for  all  temperatures,  it  is  inferred 

3 Diminutive,  from  moles,  a mass. 
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that  equal  volumes  of  all  gases  at  the  same  ^f^oTfZvLawZ 
number  of  molecules.  This  is  commonly  referred  to  as  the  Law  of 

the  study  of  physical  changes,  a molecule,  being  the  smallest 
physical  particle  of  matter,  may  be  taken  as  occupying  unit  of  volume 
but  this  would  not  be  convenient  in  chemistry,  as  will  appear  from  the 

f°  H^dlSetX*™  of  hydrogen  gas  measured  at  o°  0.  be  raised  to  a 
higher  temperature,  ^ l 

Sire  detrlw:\°sinacSe  KST re^lar  expansion  of 
of  its  bulk  at  o°  for  each  rise  of  i°  in  temperature. 

But  if  a definite  volume  of  steam  be  raised  to  a very  /^  tempera- 
ture its  volume  is  found  to  become  half  as  large  again  as  that  of  the 
hvdroren  at  the  same  temperature.  For  the  steam  has  undergone  a 
chan ve^in  identity , having  suffered  a chemical  decomposition  into 
hydregen  and  oxygen,  and  “the  volume  of  the  hydrogen  is  twice  that 

°f  Hencm  tfone  volume  of  steam  be  raised  to  a very  high  temperature, 
it  becomes  one  volume  of  hydrogen  and  half  a volume  of  own. 

If  a molecule  be  taken  as  one  volume,  it  would  appeal  that  o 
molecule  of  steam  is  decomposed  into  one  molecule  of  hydrogen  and  ha 

a “t  wpetre  thenpthat  when  the  identity  of  a gas  is  changed,  some  of 
its  moEesare  h’alved ; these  half  molecules  are  called  atoms.  There 
is  no  indication  of  the  possibility  of  any  further  division 

ATOM  (First  definition)-,  the  smallest  imaginable  particle  of  matter 
It  is  evidently  convenient  to  adopt  this  as  the  cliemica  uni  : 

since  it  is  not  susceptible  of  any  further  change. 

{Second  definition  of  an  atom) ; that  quantity  of  matter,  m the  state 

of  sas,  which  occupies  one  volume.  . . , 

Since  the  half  molecules  are  called  atoms,  we  can  give  a 
of  a molecule  as  that  quantity  of  matter  in  the  state  of  0as 

E&n"iy  high  temperature  upon  steam ,,  therefore  ijt. 
resolve  or  decompose  two  volumes  or  one  molecule  of  steam  into  tv 
volumes  or  atoms  of  hydrogen  and  one  volume  or  atom  of  oxygen.  ^ 
But  the  hydrogen  and  oxygen  are  m the  condition  of  . t ■ F 
the  moment  of  separation  from  each  other;  if  they  are  su  sequ 
examined,  they  present  the  ordinary  physical  properties  o gases,  si 
hTthat  the/  are  composed  of  molecules.  Hence  atoms  have  - 
permanent  existence  in  a separate  state,  but  are  always  u 
molecules.  Indeed,  since  a molecule  is  the  a 

half  molecule  would  be  a physical  impossibility ; an  atom,  ’ 

m^tde}Z^fa  molecule);  the  smallest  quantity  of  matter 

^“hEallest  quantity  of  matter  which 

iS  7^o^^rct"en  as  the  standard  chemical .unit  with 
which  ah  atoms  and  molecules  are  compared  This  selection  J 
by  the  consideration  that  hydrogen  is  the  lightest  substance 
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that  a very  small  weight  of  hydrogen  admits  of  very  accurate  measure- 
ment, and  the  weights  of  the  molecules  of  all  other  bodies  are  multiples 

of  that  of  hydrogen. 

» 

STANDARD  WEIGHTS  AND  VOLUMES. 

The  unit  of  loeight  now  very  generally  adopted  by  scientific  chemists 
is  one  gramme  of  hydrogen,  which  measures  11.16  litres  at  o°  C.  and  760 
mm.  Bar. 

Hence,  the  unit  of  volume  is  11.16  litres.  Since  the  weight  of  an 
atom  represents  the  weight  of  one  volume  of  a gas  (by  the  second 
definition  of  an  atom),  it  is  evident  that  the  relative  weights  of  the 
atoms  of  different  gases  may  be  found  by  comparing  the  weights  of 
equal  volumes ; e.g., 


1 1. 16  litres  of 

Atomic  weight. 

Hydrogen  weigh  1 grm. 

1 

Oxygen 

>j  16  ,, 

16 

Nitrogen 

.1  *4  » 

14 

Chlorine 

>>  35-5  >> 

35-5 

The  relative  weights  of  the  molecules  are  obtained  in  a similar  way, 
but  they  are  referred  to  2 as  representing  the  standard  molecular  weight 
of  hydrogen  (by  the  third  definition  of  molecule) ; e.g., 


ii.16  x 2 litres  of 

Molecular  weight. 

Hydrogen  weigh 

2 grms. 

2 

Oxygen 

32  „ 

32 

Water- vapour  ,, 

18  ,, 

18 

Nitrogen  ,, 

28  ,, 

28 

Ammonia  ,, 

17  » 

17 

Chlorine  ,, 

7i  „ 

71 

Hydrochloric  acid  ,, 

36-5.. 

36.5 

Definition  of  atomic  weight. — The  number  of  grammes  of  a simple  or 
elementary  substance  which  occupy  11.16  litres  in  the  state  of  gas  at 
o°  C.  and  760  mm.  Bar. 

Definition  of  molecidar  weieght. — The  number  of  grammes  of  any 
substance  which  occupy  22.32  litres  in  the  state  of  gas  at  o°  C.  and  760 
mm.  Bar. 

Those  molecules  which  are  composed  of  atoms  of  the  same  kind  are 
termed  Elements;  those  which  contain  atoms  of  different  kinds  are 
Compounds.  The  greater  number  of  the  71  elements  at  present  known 
to  exist  have  not  yet  been  measured  in  the  state  of  gas,  so  that  their 
relative  atomic  weights  have  not  been  determined  in  the  manner  stated 
above. 

But  in  such  cases,  some  compound  which  contains  the  element  may  be 
obtained  in  the  form  of  gas,  and  from  this  the  relative  atomic  weight 
may  be  found. 

Second  definition  of  atomic  weight. — The  smallest  weight  of  an  element 
which  can  be  found  in  two  volumes  (22.32  litres)  of  any  of  its  gaseous 
compounds. 

Thus  carbon  has  never  been  measured  in  the  state  of  vapour,  but  its 
atomic  weight  is  inferred  to  be  12  times  that  of  hydrogen,  because  no 
less  than  12  grammes  of  carbon  are  contained  in  22.32  litres  of  any  of 
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i e ,,  „ y.,T  +v>o  pnm bination  of  carbon  with  other 

the  numerous  gases  formed  by  the  comuinaui 

elements.  . . , „„„pn,is  compound  of  tbe  element  is 

into  metallic  and  non-metallic  elements. 

CLASSIFICATION  OF  THE  ELEMENTS. 


The  Mon-Metallic  Elements  are  (15). 


Oxygen. 

Hydrogen. 

Nitrogen. 

Sulphur. 

Selenium. 

Tellurium. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Carbon. 

Phosphorus. 

Boron. 

Silicon. 

Arsenic.* 



The  Metals  are  (56). 


j Caesium. 
Rubidium. 
Potassium. 
Sodium. 
Lithium. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 


Aluminium. 

Gallium. 

Germanium. 

Glucinum. 

Zirconium. 

Thorium. 

Yttrium. 

| Erbium. 

| Terbium. 

I Philippium. 

1 Decipium. 

; Samarium. 

I Ytterbium. 

1 Scandium. 

Cerium. 

, Lanthanum. 

Didymium. 

I Niobium. 


Zinc. 

Nickel. 

Cobalt. 

Iron. 

Manganese. 

Chromium. 

Cadmium. 

Uranium. 

Indium. 


Copper. 

Bismuth. 

Lead. 

Thallium. 

Tin. 

Titanium. 

Tantalum. 

Molybdenum. 

Tungsten. 

Vanadium. 

Antimony. 


Mercury. 

Silver. 

Gold. 

Platinum. 

Palladium. 

Rhodium. 

Ruthenium. 

Osmium. 

Iridium. 


The  strict  definition  of  a metal  will  be  given  heresiter. 

Many  of  these  elements  are  so  rarely  met  with,  that  they  l.ai  e not 

received  any  Sri urn,  auLg 

rz'"— famt  a large  — ^“tZrtant 

The  following  list  includes  those  elements  with  wh  c1^  xt  lh 
that  the  general  student  should  become  he 

symbolic  letters  by  which  it  is  customary  to  represent  them, 

sake  of  brevity,  in  chemical  writings 

* In  many  English  chemical  works  arsenic  is  classed  among  the  metal.,  nine 
TThf^SuS  deHSSJtlon.  of  setaiam  have  led  to  somo  recent  asctul  eppli- 
cations. 
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Non- Metallic  Elements  of  practical  importance  (13). 


Oxygen, 

Hydrogen, 

Nitrogen, 

Carbon, 

0 
H 
N 
. C 

Sulphur, 

Phosphorus, 

Arsenic, 

S 

P 

As 

Fluorine, 

Chlorine, 

Bromine, 

Iodine, 

F 

Cl 

Br 

I 

Boron, 

Silicon, 

B 

Si 

Metallic  Elements  of  practical  importance  (26). 


Potassium, 

K ( Kalium ) 

Sodium, 

Na  (Natrium) 

Barium, 

Ba 

Strontium, 

Sr 

Calcium, 

Ca 

Magnesium, 

Mg 

Aluminium, 

A1 

Zinc, 

Zn 

Nickel, 

Ni 

Cobalt, 

Co 

Iron, 

Fe  ( Ferrum ) 

Manganese, 

Mn 

Chromium, 

Cr 

Cadmium, 

Cd 

Uranium, 

U 

Copper, 

Cu  (Cuprum) 

Bismuth, 

Bi 

Lead, 

Pb  (Plumbum) 

Tin, 

Sn  (Stannum) 

Titanium, 

Ti 

Tungsten, 

W ( Wolframiwm) 

Antimony, 

Sb  (Stibium) 

Mercury, 

Hg  (Hydrargyrum) 

Silver, 

Ag  (Argentum) 

Gold, 

Au  (Aurum) 

Platinum, 

Pt 

Although  the  39  elements  here  enumerated  are  of  practical  importance, 
many  of  them  derive  their  importance  solely  from  their  having  met  with 
useful  applications  in  the  arts.  The  number  of  elements  known  to  play 
an  important  part  in  the  chemical  changes  concerned  in  the  maintenance 
of  animal  and  vegetable  life  is  very  limited. 

Elements  concerned  in  the  Chemical  Changes  taking  place  in  Life. 


Non-Metallic. 

Oxygen.  Sulphur. 

Phospkonis. 

Chlorine. 
Iodine. 


Hydrogen. 

Nitrogen. 

Carbon. 


Silicon. 


Metallic. 

Potassium. 

Aluminium. 

Sodium. 

Iron. 

Calcium. 

Manganese. 

Magnesium. 

These  elements  will,  of  course,  possess  the  greatest  importance  for 
those  who  study  Chemistry  as  a branch  of  general  education,  since  a 
knowledge  of  their  properties  is  essential  for  the  explanation  of  the 
simplest  chemical  changes  which  are  daily  witnessed. 

The  student  who  takes  an  interest  in  the  useful  arts  will  also  acquaint 
himself  with  the  remainder  of  the  39  elements  of  practical  importance, 
whilst  the  mineralogist  and  professional  chemist  must  extend  his  studies 
to  every  known  element. 

By  far  the  greater  proportion  of  the  various  materials  supplied  to  us  by 
animals  and  vegetables  consists  of  the  four  elements — oxygen,  hydrogen, 
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nitrogen,  and  carbon;  and  if  we  add  to  these  the  two  most  abundant 
elements  in  the  mineral  world,  silicon  and  aluminium,  we  hare  the  six 
elements  composing  the  bulk  of  all  matter. 

CHEMICAL  SYMBOLS. 

The  symbols  of  the  chemical  elements  represent  their  atomic  weights  . 
thus  H represents  one  part  by  weight  of  hydrogen  0 represents  16  parts 
by  weight  of  oxygen,  and  C represents  12  parts  by  weight  of  carbon 
Each  symbol  therefore  represents  one  volume  of  the  element  111  the 

gaThe  molecules  (or  two  gaseous  volumes)  are  represented  as  a rule,  by 
writing  the  figure  2 below  and  to  the  right  of  the  symbol : thus  H 
represents  a molecule  or  two  parts  by  weight  or  two  volumes  of 
hydrogen;  02  = a molecule  or  32  parts  by  weight,  or  two  volumes,  of 

The  mere  contact  or  mixture  of  substances  is  expressed  by  the  sign 
+ ; thus  H,  + Cl„  would  imply  that  a molecule  of  hydrogen  had  been 
brought  into  contact  with  a molecule  of  chloiine. 

CHEMICAL  COMBINATION  AND  DECOMPOSITION. 

Chemical  Attraction  is  the  force  which  holds  the  atoms  of  _ a 
molecule  together.  Chemical  Combination  is  the  exchange  of  atoms  m 
one  molecule  for  those  in  another,  by  which  some  new  kind  of  matter 
is  nroduced.  For  example,  chemical  combination  takes  place  between 
hydrogen  and  chlorine,  to  form  hydrochloric  acid,  the  change  being 
represented  by  the  chemical  equation  H,  + Cl2  = 2HCI,  which  imp  . 
that  the  molecules  of  hydrogen  and  chlorine  exchange  atoms.. 

It  will  be  seen  from  the  statements  made  above,  that  this  equatio 
also  implies  that  2 parts  by  weight  of  hydrogen  and  35-5  * 2 ?al'ts  ? 
weight  of  chlorine,  yield  36.5  x 2 parts  by  weight  of  hydrochknic  am . 

The  equation  also  informs  us  that  2 volumes  of  hydrogen  and  2 
volumes  of  chlorine  would  combine  to  form  4 volumes  of  hydiochlon 

^It  must  be  remembered  that  a chemical  equation  is  only  a short  mode 
of  expressing  the  result  of  an  experiment,  and  cannot  be  used  like  a 
mathematical  equation,  to  effect  the  solution  of  a Problem. • Jt 

A chemical  equation  may  be  written  to  express  what  isl  heljM boiesuit 
from  the  action  of  different  molecules  upon  each  other,  but  it  has  no 

' illCheZi^  is  the  separation  of  the  ato“«  ^pos^  a 

molecule,  which  must  precede  the  formation  of  a 

the  decomposition  of  steamby £ conveys^hTinformatioS  that  two 

SffiS  ; v£mesHor+ 3?  £*  by  weight  of  — 

chemical  decomposition,  and  have  formed  two  mo ecr les or *4  “ 

4 parts  by  weight  of  hydrogen,  and  one  mo  ecu 

PtLShLges0^fSways  attended  by  evolution  ^ 
beat.  As  a geneml  rule,  the  formation  of  compound  mobsnde 
elementary  molecules  evolves  heat,  whilst  the  foimation 
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molecules  from  compound  molecules  absorbs  heat.  Hence  it  will  be 
found  that  the  application  of  heat  is  generally  required  for  the  com- 
mencement of  chemical  change,  in  order  to  effect  that  separation  of 
atoms  from  their  molecules  which  must  precede  every  chemical  trans- 
formation of  matter.  When  any  chemical  change  appears  to  take 
place  without  any  change  of  temperature  being  observed,  it  is  because 
the  total  heat  absorbed  in  the  destruction  of  the  original  molecules  is 
equal  to  the  total  heat  evolved  in  the  construction  of  the  new  molecules. 

The  formation  of  water  by  the  chemical  combination  of  hydrogen  and 
oxygen  consists  in  the  separation  of  the  atoms  which  compose  the 
oxygen  molecule,  and  of  those  composing  two  hydrogen  molecules,  an 
atom  of  hydrogen  from  each  hydrogen  molecule  uniting  with  an  atom 
of  oxygen  from  the  oxygen  molecule,  as  expressed  in  the  equation, 
00  + H//  + ~&H=  HIIO  + IIIIO.  Here,  it  is  evident  that  the  con- 
version of  a molecule  of  oxygen  into  water  is  effected  by  the  exchange 
of  each  of  its  oxygen  atoms  for  two  hydrogen  atoms. 

Since  hydrogen  is  taken  as  the  chemical  standard  or  unit,  and  one 
atom  of  oxygen  is  exchangeable  for  two  atoms  of  hydrogen,  oxygen  is 
said  to  be  divalent  or  diad , often  expressed  by  writing  it  thus,  0 . 
The  atoms  of  some  elements  are  exchangeable  for  three  atoms  of 
hydrogen,  and  are  said  to  be  trivalent  or  triad  others  for  four,  quadri- 
valent or  tetrad iv,  or  for  five,  quinquivalent  or  pentad  , and  so  on. 

A.  convenient  classification  is  thus  arrived  at,  which  is  liable,  howevei , 
to  a great  number  of  exceptions. 

Monads — Br,  Cl,  F,  I,  K,  Ag,  Na. 

Diads — Ba,  Cd,  Ca,  Co,  Cu,  Fe,  Pb,  Mg,  Mn,  Hg,  isi,  0,  Sr,  S,  Zn. 
Triads — -Al,  Sb,  As,  Bi,  B,  Cr,  An,  1ST,  P. 

Tetrads — C,  Pt,  Si,  Sn. 

CLASSIFICATION  OF  COMPOUNDS. 

Compound  substances  are  commonly  classified  by  the  chemist  into 
Organic  and  Inorganic  compounds  ; and  although  it  is  impossible  strictly 
to  define  the  limits  of  each  class,  the  division  is  a convenient  one  for  the 

purposes  of  study.  _ . 

Organic  substances  may  be  defined  as  those  for  which  we  are  indebted 
to  the  operation  of  animal  or  vegetable  life,  such  as  starch,  sugar,  &c. 

Inorganic  substances  are  obtained  from  the  mineral  world  w ithout  the 
intervention  of  life  ; as  common  salt,  alum,  &c. 

Organic  substances  always  contain  carbon,  generally  also  hydrogen 
and  oxygen,  and  very  frequently  nitrogen. 

OBJECT  OF  CHEMISTRY. 

It  is  the  object  of  Chemistry  (i)  so  to  study  the  properties  of  a body 
as  to  be  able  to  identify  it  with  certainty  under  whatever  conditions  it 
may  be  met  with,  (2)  to  find  a method  of  making  it  at  pleasure,  (3) 
discover  its  exact  composition,  by  weight  and  by  volume,  (4)  to 
examine  its  action  upon  other  substances  in  order  to  ascertain  its 
chemical  constitution. 
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PHYSICAL  AND  CHEMICAL  PPvOPERTIES. 

* 

In  studying  the  properties  of  "bodies,  a distinction  must  he  drawn 
between  physical  and  chemical  properties.  The  physical  properties  are 
those  in  which  either  the  mass  or  the  molecules  only  are  concerned, 
while  the  chemical  properties  concern  the  atoms.  Thus,  the  condition, 
whether  solid,  liquid,  or  gas,  the  colour,  odour,  taste,  hardness,  relative 
weight  (or  specific  gravity),  would  come  under  the  head  of  physical  pro- 
perties. For  a solid,  the  geometrical  form  of  its  crystal  and  the  tem- 
perature at  which  it  melts  are  important  for  identification,  and  tor  a 
liquid,  the  temperature  at  which  it  boils. 


INORGANIC  CHEMISTRY. 


CHEMISTRY  OF  THE  ROY-METALLIC  ELEMENTS 
AND  THEIR  COMPOUNDS. 


THE  ELEMENTS  OF  WATER. 

i.  A century  has  but  just  elapsed  since  water  ceased  to  be  regarded  as 
an  elementary  form  of  matter.  It  was  first  resolved  into  its  constituent 
elements,  hydrogen  and  oxygen,  by  subjecting  it  to  the  influence  of  the 
voltaic  current,  which  decomposes  or  analyses  the  water  by  overcoming 
the  chemical  attraction  by  which  its  elements  are  held  together. 

An  arrangement  for  this  purpose  is  represented  in  fig.  i. 


Fig.  i. — Electrolysis  of  water. 

The  glass  vessel  A contains  water,  to  which  a little  sulphuric  acid  has  been 
added  to  increase  its  power  of  conducting  electricity,  for  pure  water  conducts  so 
imperfectly  that  it  is  decomposed  with  great  difficulty.  E and  C are  platinum 
plates  bent  into  a cylindrical  form,  and  attached  to  the  stout  platinum  wires, 
which  are  passed  through  corks  in  the  lateral  necks  of  the  vessel  A,  and  are  con- 
nected by  binding  screws  with  the  copper  wires  D and  E,  which  proceed  from 
the  galvanic  battery  G.  H and  0 are  glass  cylinders  with  brass  (or  glass)  caps  and 
stop-cocks,  and  are  enlarged  into  a bell-shape  at  their  lower  ends  for  the  collection 
of  a considerable  volume  of  gas.  These  cylinders  are  filled  with  the  acidulated 
water  by  sucking  out  the  air  through  the  opened  stop-cocks ; on  closing  these, 
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the  pressure  of  the  air  will,  of  course,  sustain  the  column  of  water  m the 
cylinders.  G is  a Grove’s  battery,  consisting  of  five  cells  or  earthenware  vessels 
(A,  fig.  2)  filled  with  diluted  sulphuric  acid  (one  measure  of  oil  of  vitriol  to  four 
of  water).  In  each  of  these  cells  is  placed  a bent  plate  of  zinc  (B),  which  has 
been  amalgamated  or  rubbed  with  mercury  (and  diluted  sulphuric  acid)  to  protec 
it  from  corrosion  by  the  acid  when  the  battery  is  not  in  use.  Within  the  curve 


Fig.  2. 


Fig-  3- 


coition  of  this  plate  rests  a small  flat  vessel  of  miglazed  earthenware  (C),  filled 
IvTth  stong  pitSo  acid,  in  which  is  immersed  a sheet  of  platmum  foil  D • The 
platinnm  L of  each  cell ^clamped,  at  its  edge  to  the_ mnc  (B,  mge 

plates  L and  K,  attached  to  the  ends  of  the 
wooden  trough  hi  which  the  cells  are  arranged. 
The  wire  D (fig.  1),  which  is  connected  with  the 
last  zinc  plate  of  the  battery,  is  often  called  the 
“negative  pole;”  whilst  E,  in  connexion  with 
the  last  platinum  plate,  is  called  the  positive 
pole.” 

When  the  connexion  is  established  by  means 
of  the  wires  D and  E with  the  “ decomposing 
cell”  (A)  the  “galvanic  current”  is  commonly 
said  to  pass  along  the  wire  E to  the_  platinum 
plate  C,  through  the  acidulated  water  m the  de- 
composing cell,  to  the  platinum  plate  B,  and 
thence  along  the  wire  D back  to  the  battery. 

A very  elegant  apparatus  (fig.  4)  has  been  c‘e" 
vised  by  Dr." Hofmann  for  exhibiting  the  decom- 
position of  water  by  the  galvanic  current.  _ The 
water  displaced  by  the  gases  accumulating  m the 
tubes  h,  o,  collects  in  the  bulb  b upon  the ■ D^ge 
branch,  and  exerts  the  pressure  necessaiy  to  force 
the  gases  out  when  the  stop-cocks  are  opened. 
The  stop-cocks,  being  made  of  glass,  are  not  co 
roded  by  the  acid. 

2 During  this  “ passage  of  the  current  ” 
(which  is  only  a figurative  inode  of  express- 
ing the  transfer  of  the  electric  influence), 
the  water  intervening  between  the  plates  ii 

x'iB.  4— v- - and  C is  decomposed,  its  hydrogen  being 

attracted  to  the  plate  B (negative  pole),  and  the  oxygen _to . the  p ate  C 

themselves,  rising  through  the  acidulated  water  in  the  tubes  ±1  anu  , 

between  the  two,pfates’ ? 
evident  Siat  the  H and  0 separated  at  any  given  moment  from  each 
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plate  do  not  result  from  tlie  decomposition  of  one  particle  of  water,  but 
from  two  particles,  as  represented  in  fig.  5,  where  A represents  the  par- 
ticles of  water  lying  between  the  plates  P and  Z before  the  “ current  ” 
is  passed,  and  B the  state  of  the  particles  when  the  current  has  been 
established.  P is  (the  positive  pole)  in  connexion  with  the  last  platinum 
plate  of  the  battery,  and  Z is  (the  negative  pole)  in  connexion  with  the 
last  zinc  plate. 


0 

O 

0 

0 

0 

0 

0 

0 

0 

H 

H 

H 

H 

H 

H 

H 

H 

H I 

Fig.  5. 


The  signs  + and  — made  use  of  in  B refer  to  a common  mode  of  account- 
ing for  the  decomposition  of  water  by  the  battery,  on  the  supposition 
that  the  oxygen  is  in  a negatively  electric  condition,  and  therefore 
attracted  by  the  positive  pole  P ; whilst  the  hydrogen  is  in  a positively 
electric  condition,  and  is  attracted  by  the  negative  pole  Z. 

In  the  foregoing  explanation,  the  part  played  by  the  sulphuric  acid  has  been 
omitted  for  the  sake  of  simplicity.  Pure  water  could  not  be  decomposed  unless 
by  a very  much  stronger  battery.  The  sulphuric  acid  H„S04  is  first  decomposed, 
the  H.,  being  attracted  to  the  negative  pole,  and  the  0 to  the  positive  pole,  while 
the  SOg,  combining  with  more  H.,0,  forms  H.JS04,  which  is  in  its  turn  decomposed 
by  the  current ; hence  a very  little  sulphuric  acid  enables  a large  quantity  of 
water  to  be  decomposed. 

The  decomposition  of  compounds  by  galvanic  electricity  is  termed 
electrolysis  * When  a compound  of  a metal  with  a non-metal  is  decom- 
posed in  this  manner,  the  metal  is  usually  attracted  to  the  (negative) 
pole  in  connexion  with  the  zinc  plate  of  the  battery,  whilst  the  non- 
metal  is  attracted  to  the  (positive)  pole  connected  with  the  platinum 
plate  of  the  battery. 

Hence  the  metals  are  frequently  spoken  of  as  electropositive  elements, 
and  the  non-metals  as  electro-negative. 

3.  If  the  passage  of  the  “current”  be  interrupted  when  the  tube  H has 
become  full  of  gas,  the  tube  0 will  be  only  half  full,  since  water  contains 
hydrogen  and  oxygen  in  the  proportion  of  two  voluwies  of  hydrogen  to  one 
volume  of  oxygen.  When  the  wider  portions  of  the  tubes  (fig.  1)  are 
also  filled,  the  two  gases  may  be  distinguished  by  opening  the  stop-cocks 
in  succession,  and  presenting  a burning  match.  The  hydrogen  will  be 
known  by  its  kindling  with  a slight  detonation,  and  burning  with  a very 
pale  flame  at  the  jet;  whilst  the  oxygen  will  very  much  increase  the 
brilliancy  of  the  burning  match,  and  if  a spark  left  at  the  extremity 
of  the  match  be  presented  to  the  oxygen,  the  spark  will  be  kindled 
into  a flame. 

Another  method  of  effecting  the  decomposition  of  water  by  electricity 
consists  in  passing  a succession  of  electric  sparks  through  steam.  It  is 
probable  that  in  this  case  the  decomposition  is  produced  rather  by  the 
intense  heat  of  the  spark  than  by  its  electric  influence. 

Bor  this  purpose,  however,  the  galvanic  battery  does  not  suffice,  since 


0 "IlAeKToor,  amber — root  of  electricity ; Au<*>,  to  looseu. 
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no  spark  can  be  passed  through  any  appreciable  interval  between  t ie 
wires  of  the  battery, — a fact  which  electricians  refer  to  in  the  statemen 
that  although  the  quantity  of  electricity  developed  by  the  galvanic  batter} 
is  large,  its  tension  is  too  low  to  allow  it  to  discharge  itself  m sparks  like 
the  electricity  from  the  machine  or  from  the  induction-coil,  which  pos- 
sesses a very  high  tension,  though  its  quantity  is  small.  . 

4.  The  most  convenient  instrument  for  producing  a succession  ot 
electric  sparks  is  the  induction-coil , in  which  a current  of  low  tension, 
sent  from  a weak  battery  through  a coil  of  stout  wire  and  back  to  the 
battery,  induces  or  excites  a current  of  high  tension  in  a coil  ot  thin 
wire  of  great  length,  wound  outside  the  thick  cod  This  current  is 
capable  of  discharging  itself  in  sparks,  such  as  are  obtained  fiom  t 

electrical  machine.  . . 

Fig.  6 represents  the  arrangement  for  exhibiting  the  decomposition  of  steam  by 

th A^fhalSnt'flask  furnished  with  a cork  in  which  three  holes  are  bored  ; in 
one"  of  these  ^inserted  the  bent  glass  tube  B,  which  dips  beneath  the  surface  of 
the  water  in  the  trough  C. 


pjg,  6. — Decomposition  of  steam  by  electric  sparks. 

D aid  E are  glass'tubes  in  each  of  which  a platinum 
as  to  project  about  an  -les ^pr^Ckslde  tie  flash  are  made 

'>CSe“a‘ske£somewhat  more  than  half  filled  with  water 

the  tube  B allowed  to  dip  beneath  the  water  m l the  tro  g , th  on-cod  F. 

being  connected  with  the  thin  copper  wnes  passing 

which  is  connected  by  stout  copper  wiies  minutes  until  all  the  air  con- 

The  water  in  the  flask  is  boiled  for  about  fifteen  minutes ^ ,fc  ^ 

tained  in  the  flask  has  been  displaced  y s ^ water  be  inverted*  over  the 
be  found  that  if  a glass  test-tube  (H)  hi  . , fleuse  with  the  usual 

orifice  of  the  tube  B,  the  bubbles  of  steam  will  entirely  condeme,^  ^ ^ top  0f 

sharp  rattling  sound,  and  only  insignifican  continued  the  handle  of  the 

the  test-tube  If  now,  whilst  the  tough  the  steam 

coil  (F)  be  turned  so  as  to  cause  a successmn  of  spanks  to  p^  in°thc  tube  H. 

in  the  flask,  large  bubbles  of  state,  having  been 

This  gas  consists  of  the  hydrogen  and  oxygenga  action  of  the  electric 

released  from  their  combined  condition  m wa  *Jhthof  tbe  tube  H with  the 
sparks.  The  gas  may  be  tested  b7  closing  1 1 li  htccl  match, 'when  a 

thumb,  raising  it  to  an  upright  position,  and  appl  » * + 

sharp  detonation  will  indicate  the  recombination  of  the  gases.l 

a The  cud  of  the  tube  B should  be  bent  the  ne^of  Bio  test-tube, 

with  notches  cut  down  the  sides.  By  slipping  this  coik  into 

the  latter  will  be  held  firmly.  , <yas  niay  be  collected  in  about  fifteen 

f With  a powerful  coil,  a cubic  inch  of  explosive  gas  3 

minutes. 
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It  lias  long  been  known  that  a very  intense  heat  is  capable  of  decomposing 
water.  The  temperature  required  for  the  purpose  is  below  the  melting  point  of 
platinum,  as  may  be  shown  by  the  apparatus  represented  in  fig.  7. 

A platinum  tube  (t)  is  heated  by  the  burner  b,  the  construction  of  which  is 
shown  at  the  bottom  of  the  cut.  It  consists  of  a wide  brass  tube,  from  which 
the  coal-gas  issues  through  two  rows  of  holes,  between  which  oxygen  is  supplied 
through  the  holes  in  the  narrow  tube,  brazed  into  a longitudinal  slit  between  the 
two  rows  of  holes  in  the  gas  tube.  The  oxygen  is  supplied  from  a gas  bag  or 
gas-holder,  with  which  the  pipe  ( 0 ) is  connected. 

The  flask  (/)  containing  boiling  water  is  furnished  with  a perforated  cork, 
carrying  a brass  tube  (a),  which  slips  into  one  end  of  the  platinum  tube,  into  the 
other  end  of  which  another  brass  tube  (c)  is  slipped  ; this  is  prolonged  by  a glass 
tube  attached  by  india-rubber,  so  as  to  deliver  the  gas  under  a small  jar  standing 
upon  a bee-hive  shelf  in  a trough. 

The  platinum  tube  is  not  heated  until  the  whole  apparatus  is  full  of  steam,  and 
no  more  bubbles  of  air  are  seen  to  rise  through  the  water  in  the  trough  ; the  gas 


burner  is  then  lighted,  and  the  oxygen  turned  on  until  the  platinum  tube  is 
heated  to  a very  bright  red  heat ; bubbles  of  the  mixture  of  hydrogen  and  oxygen 
resulting  from  the  decomposition  of  the  water  may  then  be  collected  in  the  small 
jar,  and  afterwards  exploded  by  applying  a flame. 

In  these  experiments,  the  high  temperature  to  which  the  steam  is  exposed 
causes  its  molecules  to  vibrate  with  such  high  velocities  that  the  equilibrium  of 
chemical  forces  in  their  component  atoms  is  disturbed,  and  new  molecules  of 
hydrogen  and  oxygen  are  produced.  These  are  immediately  carried  out  of  the 
heated  region  by  the  current  of  steam. 

5.  In  this  case,  the  foi'ce  of  chemical  attraction  holding  the  atoms 
of  oxygen  and  hydrogen  together  in  the  form  of  water,  has  been  over- 
come by  the  physical  force  of  heat.  But  water  may  be  more  easily 
decomposed  by  acting  upon  it  with  some  element  which  has  sufficient 
chemical  energy  to  enable  it  to  displace  the  hydrogen. 

No  non-metallic  element  is  capable  of  effecting  this  at  the  ordinary 
temperature.  Among  the  practically  important  metals,  there  are  five 
which  have  so  powerful  an  attraction  for  oxygen  that  it  is  necessary  to 
preserve  them  in  bottles  filled  with  some  liquid  free  from  that  element, 
such  as  petroleum  (composed  of  carbon  and  hydrogen),  to  prevent  them 
from  combining  with  the  oxygen  of  the  atmosphere.  These  metals  are 
capable  of  decomposing  water  with  great  facility. 

Metals  which  decompose  ivater  at  the  ordinary  temperature. — Potassium, 
Sodium,  Barium,  Strontium,  Calcium. 

6.  When  a piece  of  potassium  is  thrown  upon  water,  it  takes  fire  and 


Fig.  7. — Decomposition  of  steam  by  beat, 


ALKALIES  AND  ACIDS. 


H 

burns  with  a fine  violet  flame,  floating  about  as  a melted  globule  upon 
the  surface  of  the  water,  and  producing  in  the  act  of  combination  enough 
heat  to  kindle  the  hydrogen  as  it  escapes.  The  violet  colour  of  the 
is  due  to  the  presence  of  a little  potassium  in  the  form  of  vapour.  1 m 
same  results  ensue  if  the  potassium  be  placed  on  ice.  The  water  in 
which  the  potassium  has  been  dissolved  will  be  found  soapy  to  the  touch 
and  taste,  and  will  have  a remarkable  action  upon  certain  colouring 
matters.  Paper  coloured  with  the  yellow  dye  turmeric  becomes  brown 
when  dipped  in  it,  and  paper  coloured  with  red  litmus  ( archil ) becomes 
blue.  Substances  possesshig  these  properties  have  been  known  horn 
a very  remote  period  as  alkaline  substances,  apparent  y ecause  UD 
were  first  observed  by  the  alchemists  in  the  ashes,  of  plants  called  kali. 
The  alkalies  are  amongst  the  most  useful  of  chemical  agents.  . 

7.  Definition  ofi  an  alkali.— A-  compound  substance,  very  soluble 

water,  turning  litmus  blue  and  turmeric  brown.  , , » 

These  alkaline  properties  are  directly  opposed  to  the  characte 
sour  or  acid * substances,  such  as  vinegar  or  vitriol,  which  change  the 
blue  litmus  to  red.  When  an  acid  liquid  such  as  vinegar  (acetic  acid) 
or  vitriol  (sulphuric  acid)  is  added  to  an  alkaline  liquid,  the  charac- 
teristic properties  of  the  latter  are  destroyed,  the  alkali  being  neutralised. 
An  acid  substance  may  be  known  by  its  property  of  neutralising  an 

into  the  action  of  potassium  upon^the 

resuhinj  solution  in  a silver  basin  (most  other  materials  being  corroded 
by  the  alkali),  and  after  all  the  water  had  been  expelled  by  heat,  to 
ascertain  the  composition  of  the  residue  by  a chemical  analysis. 

It  would  be  found  to  contain  by  weight  i partof  hydrogen,  16  par  s 

paris^by8 weight  of  hydrogen,  combined  with 
16  parts  of  oxygen,  it  is  evident  that  the  product  of  the  action  of  potas- 
stron  waters  formed  by  the  substitution  of  39.1  P°toum 

f°  It  is  fo‘und  that°lhenever  potassium  takes  the  place  of  hydrogen  in  a 
compound  m 1 parts  of  the  former  are  exchanged  foi  one  of  the  latter 
an7th£  ^generally  expressed  by  stating  that  39-  - 

eJThf ™lmkcd^idvalen,t  of  a metal  expresses  77.“ 

required  to  be  substituted  for  one  part  by  weight  of  hydiogen  .11  its 

C°7  The  action  of  potassium  upon  water  is  an  example  of  the  pr o*1'*10” 
by  direct  combination  of  their  elements.  weight  of  potas- 

yfblQr,  Caustic  potash,  t 

• From  iioi,  a point,  Mierring  to  the  >or potnsli  from 

- "'°v“b“ boi,ed  d0'v“ " ,ro” 

pots  and  decomposed  by  lime. 
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Fig.  8. 


But  since  the  atoms  cannot  exist,  except  in  combination  as  molecules, 
it  would  be  strictly  correct  to  write  the  equation  thus  : 

2H,,0  + K2  = 2K0H  + H., 

Since  the  molecular  equation  can  always  be  obtained  by  doubling  the 
atomic  equation,  the  latter  will  be  most  commonly  given  in  this  work, 
as  involving  fewer  numbers. 

Sodium  has  a less  powerful  attraction  for  oxygen  than  potassium,  and 
does  not  usually  take  fire  when  thrown  into  cold  water,  although  it  is  at 
once  fused  by  the  heat  evolved.  By  holding  a lighted  match  over  the 
globule  as  it  swims  upon  the  water,  the  hydrogen  may  be  kindled,  when 
its  flame  is  bright  yellow,  from 
the  presence  of  the  sodium.  The 
solution  will  be  found  strongly 
alkaline  from  the  soda  produced. 

By  placing  the  sodium  on  a piece 
of  blotting  paper  laid  on  the 
water,  it  may  be  made  to  ignite 
the  hydrogen  spontaneously,  be- 
cause the  paper  keeps  it  station- 
ary, and  prevents  it  from  being 
so  rapidly  cooled  by  the  water. 

Several  cubic  inches  of  hydrogen 
may  easily  be  collected  by  placing 
a piece  of  sodium  as  large  as  a 
pea  in  a small  wire-gauze  box  (A,  fig.  8);  and  holding  it  under  an  in- 
verted cylinder  (B)  filled  with  water  and  standing  on  a bee-hive  shelf.* 

The  product  of  the  action  of  sodium  upon  water  contains  1 part 
by  weight  of  hydrogen,  16  of  oxygen,  and  23  of  sodium,  so  that  the 
23  parts  of  sodium  have  been  exchanged  for,  or  been  found  chemically 
equivalent  to,  1 part  of  hydrogen. 

Taking  the  symbol  Na  to  represent  23  parts  by  weight  of  sodium,  its 
action  would  be  expressed  thus  : H,0  + Na  = NaOII  + H. 

Barium,  strontium,  and  calcium  decompose  water  less  rapidly  than 
potassium  and  sodium. 

9.  The  increase  in  molecular  motion  caused  by  heat  disturbs  the  equili- 
brium of  chemical  forces,  so  that  metals  which  refuse  to  decompose 
water  at  the  ordinary  temperature,  will  do  so  if  the  temperature  be 
raised,  and  accordingly  magnesium  and  manganese,  which  are  without 
action  upon  cold  water,  decompose  it  at  the  boiling  point , disengaging 
hydrogen,  and  producing  magnesia  (MgO,  a feebly  alkaline  earth),  and 
oxide  of  manganese  (MnO). 

But  the  greater  number  of  the  common  metals  must  be  raised  to  a 
much  higher  temperature  than  this  in  order  to  enable  them  to  decom- 
pose water.  The  following  metals  will  abstract  the  oxygen  from  water 
at  high  temperatures,  those  at  the  commencement  of  the  list  requiring 
to  be  heated  to  redness  (about  600°  C.),  and  the  temperature  requii'ed 
progressively  increasing  until  it  attains  whiteness  for  those  at  the  end 
of  the  list. 

Metals  which  decompose  water  at  a temperature  above  a red  heat. — 
Zinc,  Iron,  Chromium,  Cobalt,  Nickel,  Tin,  Antimony,  Aluminium, 
Lead,  Bismuth,  Copper. 

0 This  experiment  sometimes  ends  in  an  explosion. 
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The  noble  metals , as  they  are  called,  which  exhibit  no  tendency  to 
oxidise  in  air,  are  incapable  of  removing  the  oxygen  from  water,  even 
at  high  temperatures.  . 

Metals  which  are  incapable  of  decomposing  ivater. — Mercury,  Silver, 

G-old,  Platinum. 

Metals  decompose  water  more  readily  when  they  are  placed  in  a state  of  elec- 
trical polarisation  by  contact  with  other  metals  more  electro-negative  than  them- 
selves. Thus  zinc,  in  contact  with  precipitated  _ copper,  will  decompose  water 
slowly  at  the  ordinary  temperature,  hydrogen  being  evolved,  and  zinc  hydrate 

separated  in  white  flakes.  , , . ...  . „ , 

The  copper-zinc  couple  made  by  precipitating  copper  sulphate  with  zinc  toil  m 
excess,  and  washing,  is  very  useful  in  many  operations  where  a slow  production 
of  hydrogen  is  required. 

HYDROGEN. 

H = i part  by  weight  = i vol.  i grain  = 46.7  cub.  in.  at  6oQ  F.  and  30"  Bar. 

I gramme  ==  1 1. 16  litres  at  o°  C.  and  j6o  mm.  Bar. 

10.  Preparation  of  hydrogen.— The  simplest  process,  chemically  speak- 
ing, for  preparing  hydrogen  in  quantity,  consists  m passing  steam  over 
red-hot  iron.  An  iron  tube  (A,  fig.  9)  is  filled  with  iron  nails  and  fixed 
across  a furnace  (B),  in  which  it  is  heated  to  redness  by  a charcoal  fire. 
A current  of  steam  is  then  passed  through  it  by  boding  the  water 
in  the  flask  (C),  which  is  connected  with  the  non  tube  by  a glass 
tube  (D)  and  perforated  corks.  The  hydrogen  is  collected  from  the 
glass  tube  (G)  in  cylinders  (E)  filled  with  water,  and  inverted  in  the 
trough  (F)  upon  the  bee-hive  shelf  (H),  the  first  portions  bemg  allowed 
to  escape,  as  containing  the  air  in  the  apparatus. 


— Preparation  of  hydrogen  from  steam. 


Fig.  9.— Prepara 
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Zinc  is  the  most  convenient  metal  to  employ  for  the  preparation  of 
hydrogen  in  this  way  It  is  used  either  in  small  fragments  or  cuttings, 
or  as  granulated  zinc , prepared  by  melting  it  in  a ladle  and  pouring  it 
from  a height  of  three  or  four  feet  into  a pailful  of  water.  The  zinc 
is  placed  in  the  bottle  (A, 
fig.  i o'),  covered  with  water 
to  the  depth  of  two  or  three 
inches,  and  diluted  sulphu- 
ric acid  slowly  poured  in 
through  the  funnel  tube(B) 
until  a pretty  brisk  effer- 
vescence is  observed.  The 
hydrogen  is  unable  to  escape 
through  the  funnel  tube, 
since  the  end  of  it  is  beneath 
the  surface  of  the  water, 
but  it  passes  off  through 

the  bent  tube  (C),  and  is  , 

...  v Fig.  io. — Preparation  of  hydrogen. 

collected  over  water  as 

usual,  the  first  portion  being  rejected  as  containing  air. 

By  allowing  the  solution  left  in  the  bottle  to  cool  in  another  vessel, 
crystals  of  zinc  sulphate  (white  vitriol ) may  be  obtained. 

It  will  be  noticed  that  the  liquid  becomes  very  hot  during  the  action 
of  the  acid  upon  the  zinc,  the  heat  being  produced  by  the  combination 
which  is  taking  place.  The  black  flakes  which  separate  during  the 
solution  of  the  zinc  consist  of  metallic  lead,  which  is  always  present  in 
the  zinc  of  commerce,  and  much  accelerates  the  evolution  of  hydrogen 
by  causing  galvanic  action.  Pure  zinc  placed  in  contact  with  diluted 
sulphuric  acid  evolves  hydrogen  very  slowly. 

The  preparation  of  hydrogen  by  dissolving  zinc  in  diluted  sulphuric 
acid  may  be  represented  by  the  equation  * 

H2SO,  + Zn  = ZnS04  + H2. 

Sulphuric  acid.  Zinc  sulphate. 

The  symbol  Zn  here  represents  an  atom  of  zinc,  which  is  65  times  as 
heavy  as  the  atom  of  hydrogen.  An  atom  of  zinc  has  here  displaced 
2 atoms  of  hydrogen,  whereas  it  was  found  that  an  atom  of  potassium 
displaced  only  1 atom  of  hydrogen,  which  is  often  expressed  by  saying 
that  potassium  is  a monatomic  element,  i.e.,  is  exchangeable  for  1 atom 
of  hydrogen.f  But  since  65  parts  of  zinc  displace  2 parts  of  hydrogen, 
zinc  is  a diatomic  element,  i.e.,  is  exchangeable  for  2 atoms  of  hydrogen. 
This  is  commonly  expressed  by  wilting  the  symbol  of  zinc  Zn". 

It  may  be  supposed  that  the  atom  of  a monatomic  element,  such  as  hydrogen 
or  potassium,  exerts  its  chemical  attraction  in  one  direction  only,  as  represented 
by  a single  line  or  bond  attached  to  the  symbol,  thus  H-,  K-  ; whilst  a diatomic 
element,  such  as  zinc,  exerts  chemical  attraction  in  two  directions,  represented 
by  attaching  two  lines  to  the  symbol,  thus  -Zn-,  or  Zn  < . Since  an  atom  of 
oxygen  combines  with  two  atoms  of  hydrogen,  it  must  also  exert  chemical 
attraction  in  two  directions,  so  that  a molecule  of  water  may  be  represented  as 

* In  this  equation  the  excess  of  water  which  must  be  added  to  dissolve  the  zinc  sul- 
phate is  not  set  down.  Hydrogen  could  not  be  prepared  according  to  the  equation  as  it 
stands,  because  the  zinc  sulphate  would  collect  round  the  metal  and  prevent  further 
action. 

f Zinc  is  one  of  the  exceptions  to  the  law  of  volumes  ; 65  grammes  of  zinc  give  22.32 
litres  of  vapour,  so  that  one  atom  of  zinc  represents  two  volumes. 
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which 
atoms  of 


jj 0 H.  The  displacement  of  half  the  hydrogen  by  potassium  (p.  14)  then 

•produces  K--O--H,  caustic  potash,  and  the  displacement  of  both  atoms  01 
hydrogen  by  zinc  produces  ZnOO,  or  zinc  and  oxygen  united  by  both  their 
bonds  of  chemical  attraction,  forming  zinc  oxide. 

Iron  might  be  used  instead  of  zinc,  and  the  solution,  when  evaporated, 
would  then  deposit  crystals  of  green  vitriol  or  copperas  (sulphate  of  iron 
or  ferrous  sulphate,  FeS04),  the  action  of  iron  upon  the  sulphuric  acid 
being  represented  by  the  equation  H2S04  + Fe  = Fefe04  + H2,  " 

& 1 Sulphuric  acid.  Ferrous  sulphate. 

shows  that  1 atom  (56)  of  iron  has  taken  the  place  of  2 
hydrogen,  and  that  the  iron  is  diatomic,  like  zinc. 

Hydrogen  has  been  prepared  cheaply  in  large  quantity  by  heating  a mixture  of 
slaked  lime  with  anthracite  coal  in  an  iron  retort ; 0 + CaO  + 2H..0  = CaCOs  + H4. 
On  passing  steam  over  the  residue  ; CaC03=Ca0  + C0  : hence,  if  enough  carbon 
be  employed  in  the  beginning,  large  quantities  of  hydrogen  may  be  obtained  b> 
steaming  and  heating  alternately.  ......  . . 

xi  Physical  properties  of  hydrogen. — This  gas  is  invisible,  and  in- 
odorous when  pure.  The  hydrogen  obtained  by  the  ordinary  methods 
has  a very  disagreeable  smell,  caused  by  the  presence  of  minute  quan- 
tities of  compounds  of  hydrogen  with  sulphur,  arsenic,  and  carbon  ; but 
the  gas  prepared  with  pure  zinc  and  sulphuric  acid  is  quite  free  from 
smefl  It  is  liquefied  with  extreme  difficulty,  requiring  a pressure  ot 
650  atmospheres  at  - 220°  F.  (-  i4o°  C ) and  yielding  a blue  liquid 
The  most  remarkable  physical  property  of  hydrogen  is  its  lightness.  It 
is  the  lightest  of  all  kinds  of  matter,  being  about  Yv  as  heavy  as  air, 
ancl i_  as  heavy  as  water. 

4 Tim  lightness  of  hydrogen  may  be  demonstrated  by  many  interesting  experi- 
ments 8Soap  bubbles  or  small  balloons  (of  collodion,  for  example)  will  ascend 
very  rapidly  H inflated  with  hydrogen.  A light  beaker  glass  may  be  accurately 


Fie.  11. 


weighed  in  a pair  of  scales  ; it 

£ JSKJS  SSStaSSS  1-wards,  it  will  be  found  very  much  ligkterthan 
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before.  Another  form  of  the  experiment  is  represented  in  fig.  11,  where  a light 
glass  shade  has  been  suspended  from  the  balance  and  counterpoised,  the  equili- 
brium being,  of  course,  at  once  disturbed  when  hydrogen  is  poured  up  into  the 
shade.  If  a stoppered  gas  jar  full  of  hydrogen  be  held  with  its  mouth  down- 
wards, and  a piece  of  smouldering  brown  paper  held  under  it,  the  smoke,  which 
would  rise  freely  in  the  air,  is  quite  unable  to  rise  through  the  hydrogen,  and 
remains  at  the  mouth  of  the  jar  until  the  stopper  is  removed,  when  the  hydrogen 
quickly  rises  and  the  smoke  follows  it. 

12.  The  employment  of  hydrogen  for  filling  balloons  render's  a know- 
ledge of  the  relation  between  the  weights  of  equal  volumes  of  hydrogen 
and  atmospheric  air  of  great  importance.  The  number  expressing  this 
relation  is  termed  the  Specific  Gravity  of  hydrogen. 

(Definition. — The  specific  gravity  of  a gas  or  vapour  is  its  weight  as 
compared  with  that  of  an  equal  volume  of  some  other  gas,  selected  as  a 
standard,  at  the  same  temperature  and  pressure.) 

If  the  weight  of  a given  volume  of  purified  and  dried  air  be  repre- 
sented as  unity,  an  ecjual  volume  of  hydrogen,  at  the  same  temperature 
and  pressure,  would  weigh  0.0692,  which  is  expressed  by  saying  that 
the  specific  gravity  of  hydrogen  (air  = 1)  is  0.0692. 

In  ascertaining  the  weights  of  definite  volumes  of  gases,  it  is  of  the 
greatest  importance  that  they  should  have  some  definite  temperature 
and  pressure,  since  the  volume  of  a given  weight  of  gas  is  augmented 
by  the  increase  of  temperature  and  by  decrease  in  pressure.  It  is  usual 
to  state  the  weights  of  gases,  either  at  6o°  Fahrenheit  and  30  inches 
barometer;  or  at  o°  Centigrade  and  760  millimetres  barometer. 

One  grain  of  hydrogen,  at  6o°  F.  and  30  inches  Bar.,  measures  46.73 
cubic  inches. 

One  gramme  (15.43  grains)  of  hydrogen,  at  0°  C.  and  760  mm.  Bar., 
measures  11.16  litres  (one  litre  = 61.024  cubic  inches=  1.76  pint). 

It  is  now  easy  to  calculate  how  much  zinc  it  would  be  necessary  to  dissolve  in 
sulphuric  acid  in  order  to  obtain  any  desired  volume,  say  100  litres  of  hydrogen. 
Referring  to  the  equation  for  the  preparation  of  hydrogen,  Zn  + H2S04  = H.,  + ZnS04, 
and  remembering  that  Zn  represents  65  parts  by  weight  of  zinc,  and  R.  represent 
2 parts  by  weight  of  hydrogen — 

(2  grms.  H)  22.32  litres  : 100  litres  : : 65  grms.  zinc  : x. 

x~2gi  grms.  zinc  give  100  litres  of  hydrogen  at  o°  C.  and  760  mm.  Bar. 

13.  It  will  be  observed,  in  the  experiment  with  the  balance  (fig.  11), 
that  the  gas  gradually  falls  out  of  the  jar,  notwithstanding  its  lightness, 
and  is  replaced  by  air ; so  that,  after  a time,  the  equilibrium  is  restored, 
proving  that  the  molecules  of  hydrogen  possess  motion  which  is  inde- 
pendent of  gravitation.  This  is  evident  also  from  another  consideration. 
The  total  weight  of  the  molecules  of  hydrogen  in  one  cubic  centimetre 
of  the  gas  at  o°  C.  and  760  mm.  Bar.  is  only  .0000896  gramme,  and  yet 
its  pressure  upon  the  sides  of  the  vessel  containing  it  amounts  to  1033 
grammes  per  square  centimetre. 

The  weight  of  a single  molecule  of  hydrogen  has  been  calculated 
to  be  not  greater  than  one  ten-thousand-millionth  of  a gramme,*  and 
21  trillions  of  them  are  calculated  to  be  contained  in  one  cubic  centi- 

* This  has  been  inferred  from  the  fact  that  one  drop  of  a solution  containing  .00000002 
gramme  of  aniline-red  presents  a distinct  red  colour.  The  molecular  weight  of  aniline- 
red  (rosaniline  hydrochloride,  (J20Hi9N3.HC1)  is  337.5  times  that  of  an  atom  of  hydrogen  ; 
and  since  the  molecule  of  aniline-red  cannot  weigh  more  than  .00000002  gramme,  the 
atom  of  hydrogen  cannot  weigh  more  than  3 of  that  quantity,  or  io~12X59  grammes, 
so  that  the  molecule  of  hydrogen  cannot  weigh  more  than  twice  this,  or  io_13xii8 
grammes. 
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metre.  . This  enormous  number  of  molecules,  moving  with  great  velocity 
and  delivering  successive  blows  on  the  sides  of  the  vessel,  give  rise  to  the 
pressure  of  the  gas. 

Hence  the  pressure  of  a gas  will  vary  with  the  weight  of  its  mole- 
cules, and  with  their  velocity.  If  m be  taken  to  represent  the  weight 
of  a molecule,  and  v its  velocity,  mv  will  express  the  momentum  of  each 
molecule ; but  the  pressure  depends  not  only  on  the  momentum  of  each 
molecule,  but  on  the  number  of  blows  delivered  by  each  molecule  in 
equal  times,  which  will  increase  with  the  velocity  of  the  molecule. 
Hence  mv  x v or  mv'  will  represent  the  pressure  of  the  gas.  Suppose 
this  pressure  to  be  some  constant  unit  of  pressure,  represented  by  i, 
then  mv1  = i,  and 


m 


Jm 


showing  that  the  velocities  of  the  molecules  of  gases  vary  inversely  as 
the  square  roots  of  their  molecular  weights.  But  the  molecular  weights 
of  the  gases  represent  the  weights  of  equal  volumes  (see  p.  3),  or  the 
specific  gravities  of  the  gases,  so  that  the  velocities  of  the  molecules  of 
gases  vary  inversely  as  the  square  roots  of  their  specific  gravities. 

The  absolute  velocity  of  the  molecules  of  a gas  may  be  calculated  when 
the  pressure,  the  temperature,  and  the  weight  of  a given  volume  of  the 
gas  are  known.  It  has  thus  been  determined  that  the  absolute  velocity 
of  a molecule  of  hydrogen  at  o°  C.  and  760  mm.  Bar.  is  1859  metres 
(6050  feet)  per  second.  Oxygen  is  16  times  as  heavy  as  hydrogen; 
hence  the  velocity  of  the  oxygen  molecule,  for  the  same  temperature 


and  pressure,  would  be 


. = -th  that  of  the  hydrogen  molecule,  or 
\/i6  4 


1512  feet  per  second. 

This  view  of  the  constitution  of  gases  (known  as  the  kinetic  theory, 
from  KLvijcns,  motion ) explains  their  remarkable  physical  properties.  If 
a vessel  of  hydrogen  at  760  .mm.  pressure  were  opened  into  a vacuum, 
the  molecules  of  hydrogen  would  escape  into  the  vacuum  with  a velocity 
of  6050  feet  per  second.  If  the  vessel  be  opened  in  air,  the  velocity  of 
the  hydrogen  molecules  will  be  retarded  by  collision  with  the  air 
molecules,  but  the  gas  still  escapes  very  rapidly. 

The  nitrogen  and  oxygen  gases,  which  are  mixed  together  in  ah’,  being 
respectively  14  and  16  times  as  heavy  as  hydrogen,  their  molecules  have 
a lower  velocity,  and  are  not  carried  into  the  vessel  so  rapidly  as  the 
hydrogen  passes  out.  In  order  to  l’ender  this  evident,  the  opening 
of  the  vessel  should  be  closed  by  some  material  having  very  minute 
pores,  so  as  to  retard  the  exchange  of  the  gases,  and  to  measure  the 
relative  velocities  of  their  molecules,  or  the  rates  of  diffusion  of  the 
gases. 

The  diffusion  lube  (fig.  12)  employed  for  this  purpose  is  a glass  tube  (A)  closed 
at  one  end  by  aplate  of  plaster  of  Paris  (B).  If  this  tube  be  filled  with  hydrogen, 
and  its  open  end  immersed  in  coloured  water,  the  -water  will  be  obsen  ed  to  use 
rapidly  in  the  tube,  on  account  of  the  rapid  escape  of  the  hydrogen  through  the 
pores  of  the  plaster.  The  external  air,  of  course,  passes  into  the  tube  through 
the  pores  at  the  same  time,  but  much  less  rapidly  than  the  hydrogen  passes  out, 

» This  tube  must  be  filled  by  displacement  (see  fig.  18),  in  order  not  to  wet  the  plaster. 
A piece  of  sheet  caoutchouc  may  be  tied  over  the  plaster  of  Paris,  so  that  diffusion  may 
not  commence  until  it  is  removed. 
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so  that  the  ascent  of  the  column  of  water  (C)  marks  the  difference  between  the 
volume  of  hydrogen  which  passes  out,  and  that  of  air  which  passes  into  the  tube 
in  a given  time,  and  allows  a measurement  to  be  made  of  the  rate  of  diffusion; 
that  is,  of  the  velocity  with  which  the  gas  issues  as  compared  with  the  velocity 
with  which  the  air  enters,  this  velocity  being  always  taken  as  unity.*  To  deter- 
mine the  rate  of  diffusion,  it  is  of  course  necessary  to  maintain  the  water  at  the 
same  level  within  and  without  the  diffusion  tube,  so  as  to  exclude  the  influence 
of  pressure. 

To  prove  that  the  ascent  of  the  hydrogen  due  to  its  lightness  is  not  instrumental 


TS 


Fig.  12. — Diffusion  tube.  Fig.  13. 


in  ch-awing  up  the  water  in  the  diffusion  tube,  the  experiment  may  be  made  as  in 
fig.  13,  where  the  plate  of  plaster  (0)  is  turned  downwards,  so  that  the  diffusion 
is  made  to  take  place  in  opposition  to  the  action  of  gravity.  This  tube  is  filled 
by  passing  hydrogen  in  through  the  tube  (*),  and  allowing  the  air  to  escape 
tlnough  ( t ),  which  is  afterwards  closed  by  a cork.  The  plaster  of  Paris  (0)  is  tied 
over  with  caoutchouc  whilst  the  tube  is  filled. 

Since  the  relation  between  the  weights  of  equal  volumes  of  hydrogen  and  air  is 
that  of  0.069  : 1 , the  rates  of  diffusion  will  be  as  1 : J 0.069 — that  is,  hydrogen 
will  diffuse  about  3.8  times  as  rapidly  as  atmospheric  air,  or  3.8  measures  of 
hydrogen  will  pass  out  of  the  diffusion  tube  whilst  one  measure  of  air  is  passing 
in  through  the  plaster.  In  a similar  manner  hydrogen  would  escape  through 
minute  openings  with  four  times  the  velocity  of  oxygen  ; and  laboratory  experience 
shows  that  a cracked  jar,  or  a bottle  with  a badly  fitting  stopper,  may  often  be 
used  to  retain  oxygen  but  not  hydrogen. 

A very  striking  illustration  of  the  high  rate  of  diffusion  of  hydrogen  is  arranged 
as  represented  in  fig.  14.  A is  a cylinder  of  porous  earthenware  (such  as  are 
employed  in  galvanic  batteries)  closed  at  one  end,  and  furnished  at  the  other  with 
a perforated  caoutchouc  stopper  or  a cork  bung,  through  which  passes  a glass 
tube  B,  about  six  feet  long,  and  half  an  inch  in  diameter.  The  bung  is  made  air- 
tight by  coating  it  with  sealing  wax  dissolved  in  spirit  of  wine.  This  tube  being 
supported  so  that  its  lower  end  dips  about  an  inch  below  the  surface  of  water,  a 
jar  of  coal-gas  is  held  over  the  porous  cylinder,  when  the  velocity  of  the  particles 
of  the  gas  is  manifested  by  their  being  forced  (not  only  out  of  the  mouth  of  the 
jar  C,  which  is  open  at  the  bottom,  but  also)  through  the  pores  of  the  earthenware 
jar,  the  air  from  which  is  violently  driven  out,  as  if  by  blowing,  through  the  tube, 
and  is  seen  bubbling  up  rapidly  through  the  water.  When  the  air  has  ceased  to 
bubble  out,  and  a large  volume  of  gas  has  entered  the  porous  jar,  the  bell-jar  C is 
removed,  when  the  gas  escapes  so  rapidly  through  the  pores,  that  a column  of 
twenty  to  thirty  inches  of  water  is  drawn  rapidly  up  the  tube  B.  If  the  greatest 
height  to  which  the  water  ascends  be  marked,  and  when  it  has  returned  to  its 
former  level,  a jar  of  hydrogen  be  held  over  the  porous  cylinder,  it  will  be  found 
that  the  above  phenomena  are  manifested  in  a much  higher  degree,  showing  that 

0 Air  being  a mixture  of  nitrogen  and  oxygen,  its  rate  of  diffusion  is  intermediate 
between  the  rates  of  those  gases  ; however,  since  the  proportions  of  the  gases  are  very 
nearly  constant,  no  error  of  any  magnitude  arises. 
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coal-gas,  being  heavier  than  hydrogen,  does  not  pass  nearly  so  rapidly  through 
the  pores  of  the  earthenware  as  hydrogen  does. 

By  connecting  the  porous  cylinder  A,  by  means  of  a.  short  piece  of  tube,  with  a 

two-necked  bottle,  like  that  represented  in  fig. 
xo,  and  passing  through  a cork  in  the  other 
neck,  a piece  of  tube  reaching  to  the  bottom  of 
the  bottle  and  drawn  out  to  an  open  point  at  its 
upper  extremity  (fig.  19),  water  may  be  forced 
out  in  a stream  of  two  or  three  feet  in  height 
by  holding  the  jar  of  hydrogen  over  the  porous 
cylinder. 

The  great  difference  in  the  rates  of  diffusion 
of  hydrogen  and  oxygen  may  be  easily  shown 
by  the  arrangement  represented  in  fig.  15.  A 
is  a jar  filled  with  a mixture  of  two  volumes  of 
oxygen  with  one  volume  of  hydrogen,  commu- 
nicating through  the  stop-cock  and  flexible  tube 
with  the  glass  tube  B,  which  is  fitted  through 
a perforated  coi'k  in  the  bowl  of  the  common 
tobacco-pipe  C,  the  sealing-waxed  end  of  which 
dips  under  water  in  the  trough  D.  By  opening 
the  stop-cock  and  pressing  the  jar  down  in  the 
water,  the  mixed  gases  may  be  forced  rapidly 
through  the  pipe,  and  if  a small  cylinder  (E)  be 
filled  with  them,  the  mixture  will  be  found  to 
detonate  violently  on  the  approach  of  a flame. 
But  if  the  gas  be  made  to  pass  very  slowly 
through  the  pipe  (at  the  rate  of  about  a cubic 
inch  per  minute),  the  hydrogen  will  diffuse 
through  the  pores  of  the  pipe  so  much  faster 
than  the  oxygen,  that  the  gas  collected  in  the 
cylinder  will  contain  so  little  hydrogen  as  to  be 
no  longer  explosive,  and  to  exhibit  the  property 
of  oxygen  to  rekindle  a partly  extinguished 
match. 

If  two  jars  of  the  same  size,  one  made  of  glass 
and  the  other  of  porous  earthenware,  be  filled 
with  the  explosive  mixture  by  holding  them 
over  the  stop-cock  of  the  jar  A,  mid  be  then 
'closed  with  glass  plates  and  set  aside  for  a few 
seconds,  it  will  be  found  that  the  gas  in  t ic 
earthen  jar  will  rekindle  a spark  on  a match, 
whilst  that  in  the  glass  jar  will  explode. 

The  rapid  diffusion  of  hydrogen  through  paper 
may  be  shown  by  laying  a flat  piece  of  filtei- 
paper  upon  the  mouth  of  a cylinder  of  hydro- 
o-en,  when  the  gas  may  be  kindled  on  the  upper 
surface.  On  repeating  the  experiment  with  a cylinder  of  coal-gas  only tte  pale 
flame  of  the  hydrogen  will  appear  above  the  paper  “ * ^fore  the  Solon 
and  oxygen  be  employed,  the  hydrogen  will  be  seen  w covered  with  filter- 

takes  place.  A cylinder  containing  2 vols.  H and  1 T 
paper,  will  be  found  to  contain  little  els®  but  oxygen  after  a mi 

14.  Chemical  properties  of  hydrogen.- The  most  conspicuous  cMnucal 
property  of  hydrogen  is  its  disposition  to  burn  111  an  w OXVo-en 

moderately  high  temperature,  entering  into  combination l w th 
of  the  air  to  form  water.  The  formation  of  watei  duung 
of  hydrogen  gave  rise  to  its  name  (uScop,  water). 

Since  an  atom  of  oxygen  eombinM  mth  ^ fcmjato, 

tb"3ni  cX.S^" a pale  «ame  af 
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the  mouth  of  the  jar,  and  the  taper  may  be  rekindled  at  its  flame  by  slowly  with- 

The  Tightness  and  combustibility  of  hydrogen  may  be  illustrated  simultaneously 
by  some  interesting  experiments.  If  two  equal  gas  cylinders  be  filled  with 
hydrogen,  and  held  with  their  months  respectively  upwards  and  downwards  it 
will  be  found  on  testing  each  with  a taper  after  the  same  interval,  that  the 


hydrogen  has  entirely  escaped  from  the  cylinder  held  with  its  mouth  upwards, 

whilst  the  other  still  remains  nearly  filled  with  gas. 

The  hydrogen  may  be  scooped  out  of  the  jar  A (fig.  17)  with  the  small  cylindei 
B attached  to  a handle.  O11  removing  B,  and  applying  a taper  to  it,  the  gas  will 
take  fire. 


Fig.  16.  Fig.  17. 

A cylinder  may  be  filled  with  hydrogen  by  displacement  of  air  (fig.  iS),  if  the 
tube  from  the  hydrogen  bottle  be  passed  up  into  it.. 

If  such  a dry  cylinder  of  hydrogen  be  kindled  whilst  held  with  its  mouth  down- 

0 This  term  has  been  applied  to  the  separation  of'  gases  by  diffusion  ; os,  vapour ; 
Auw,  to  loosen. 
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wards,  the  formation  of  water  during  the  comoustion  of  the  hydrogen  will  he 
indicated  by  the  deposition  of  dew  upon  the  sides  of  the  cylinder. 

By  softening  a piece  of  glass  tube  in  the  flame  of  a spirit-lamp,  drawing  it  out 
and  filing  it  across  in  the  narrowest  part  (fig.  19),  a jet  can  be  made  from  which 

the  hydrogen  may  be  burnt. 

1)  : ~ ~ ^4  This  jet  may  be  fitted  by  a per- 

forated cork  to  any  common 
bottle  for  containing  the  zinc 
and  sulphuric  acid  (fig.  20). 

The  hydrogen  must  be  allowed 
-F1?-  I9-  to  escape  for  some  minutes  before 

applying  a light,  because  it  forms  an  explosive  mixture  with  the  air  contained  in 
the  bottle.  This  may  be  proved,  without  risk,  by  placing  a little  granulated 
zinc  in  a soda-water  bottle,  pouring  upon  it  some  diluted  sulphuric  acid,  and 
quickly  inserting  a perforated  cork,  carrying  a piece  of  glass  tube  about  three 
inches  long,  and  one-eighth  of  an  inch  wide.  If  this  tube  be  immediately  applied 
to  a flame,  the  mixture  of  air  and  hydrogen  will  explode,  and  the  cork  and  tube 
will  be  projected  to  a considerable  distance. 

By  inverting  a small  test-tube  over  the  jet  in  fig.  20,  a specimen  of  the  hydrogen 
may  be  collected,  and  may  be  kindled,  to  see  if  it  burns  quietly,  before  lighting 
the  jet. 

A dry  glass,  held  over  the  flame,  will  collect  a considerable  quantity  of  water, 
formed  by  the  combustion  of  the  hydrogen. 

The  combustion  of  hydrogen  produces  a greater  heating  effect  than 
that  of  an  equal  weight  of  any  other  combustible  body.  It  has  been 
determined  that  1 grm.  of  hydrogen,  in  the  act  of  combining  with  8 
grms.  of  oxygen,  produces  enough  heat  to  raise  34462  grms.  of  water 
from  o°  0.  to  i°  C.  The  temperature  of  the  hydrogen  flame  is  probably 
about  2024°  C.  Notwithstanding  its  high  temperature,  the  flame  of 
hydrogen  is  almost  devoid  of  illuminating  power,  on  account  of  the 
absence  of  solid  particles. 

15.  If  a taper  be  held  several  inches  above  a cylinder  of  hydrogen, 
standing  with  its  mouth  upwards,  the  gas  will  be  kindled  with  a loud 


Fig.  22. 

explosion,  because  an  explosive  mixture  of  hydrogen  and  air  is  formed 
in  and  around  the  mouth  of  the  cylinder. 

If  a stoppered  glass  jar  (fig.  21)  be  filled  with  hydrogen,  and  supported  upon 
three  blocks,  it  will  be  found,  if  the  hydrogen  be  kindled  at  the  neck  of ffhe  jar, 
that  it  will  burn  quietly  until  air  has  entered  from  below  in  sufficient  pioport  0 
to  form  an  explosive  mixture,  which  will  then  explode  with  a loud  lepor  . 

The  same  experiment  may  be  tried  on  a smaller  scale,  with  the  two-neckec 
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copper  vessel  (fig.  22),  the  lower  aperture  being  opened  some  few  seconds  after 
the  hydrogen  has  been  kindled  at  the  upper  one. 

The  explosion  of  the  mixture  of  hydrogen  and  air  is  due  to  the  sudden 
expansion  caused  by  the  heat  generated  in  the  combination  of  the 
hydrogen  with  the  oxygen  throughout  the  mixture.  After  the  explo- 
sion of  the  mixture  of  hydrogen  and  air  (oxygen  and  nitrogen),  the 
substances  present  are  steam  (resulting  from  the  combination  of  the 
hydrogen  and  oxygen)  and  nitrogen,  which  are  expanded  by  the  heat 
developed  in  the  combination,  to  a volume  far  greater  than  the  vessel 
can  contain,  so  that  a portion  of  the  gas  and  vapour  issues  very  sud- 
denly into  the  air  around,  the  collision  with  which  produces  the  report. 

If  pure  oxygen  be  substituted  for  air,  the  explosion  will  be  more 
violent,  because  the  mixture  is  not  diluted  with  the  inactive  nitrogen. 
The  further  study  of  this  subject  must  be  preceded  by  that  of  oxygen. 

OXYGEN. 

0 = i6  parts  by  weight=  1 vol.  16  grains  = 46.7  cub.  in.  at  60°  F.  and  30"  Bar. 

16  grammes  = 11.16  litres  at  o°  C.  and  760  mm.  Bar. 

16.  Oxygen  is  the  most  abundant  of  the  elementary  substances.  It 
constitutes  about  one-fifth  (by  volume)  of  atmospheric  air,  where  it  is 
merely  mixed,  not  combined,  with  the  nitrogen,  which  composes  the  bulk 
of  the  remainder.  Water  contains  eight-ninths  (by  weight)  of  oxygen  ; 
whilst  silica  and  alumina,  which  compose  the  greater  part  of  the  solid 
eai’th  (as  far  as  we  know  it),  contain  about  half  their  weight  of  oxygen. 

Before  inquiring  which  of  these  sources  will  most  conveniently  furnish 
pure  oxygen,  it  will  be  desirable  for  the  student  to  acquire  some  know- 
ledge of  the  properties  of  this  element,  and  of  the  chemical  relations 
which  it  bears  to  other  elementary  bodies,  for  without  such  knowledge 
it  will  be  found  very  difficult  to  understand  the  processes  by  which 
oxygen  is  procured. 

17.  Physical  'properties  of  oxygen. — From  the  fact  of  its  occurring  in 
an  uncombined  state  in  the  atmosphere,  it  will  be  inferred  that  oxygen 
is  perfectly  invisible,  and  without  odour.  It  is  liquefied  with  difficulty, 
requiring  a pressure  of  320  atmospheres  at  — 140°  C.*  Oxygen  gas  is 
a little  more  than  one-tenth  heavier  than  air,  which  is  expressed  in  the 
statement  that  its  specific  gravity  is  1.1057. 

In  the  study  of  theoretical  chemistry,  it  is  expedient  to  select  hydro- 
gen instead  of  air  as  the  standard  with  which  the  specific  gravities  of 
gases  are  compared;  for,  since  the  atomic  weights  are  also  referred  to 
hydrogen  as  the  unit,  and  the  atomic  weights  represent  the  weights 
of  equal  volumes,  the  numbers  expressing  the  atomic  weights  of  the  ele- 
mentary gases  are  identical  with  their  specific  gravities  (H  = i).  Thus 
the  specific  gravity  of  oxygen  (H  = 1)  is  16.  It  will  be  found  convenient 
to  remember  that  the  specific  gravity  of  a gas  or  vapour  is  the  weight  of 
one  volume. 

Oxygen  is  slightly  soluble  in  water;  100  volumes  of  water  absorb 
4 volumes  of  oxygen. 

18.  Chemical  properties  of  oxygen. — This  element  is  remarkable  for 
the  wide  I’ange  of  its  chemical  attraction  for  other  elementary  bodies, 
with  all  of  which,  except  two,  it  is  capable  of  entering  into  combination. 

* At  this  temperature,  liquid  oxygen  has  sp.  gr.  0.88  (water  = 1)  ; it  boils  at  - 184°  C. 
under  atmospheric  pressure,  and  its  absolute  boiling  point  (critical  temperature)  is  - 1130  C. 
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Fluorine  and  bromine  are  the  only  elements  which  are  not  known  to  unite 
with  oxygen. 

With  nearly  all  the  elements  oxygen  combines  in  a direct  manner ; 
that  is,  without  the  intervention  of  any  third  substance. 

There  are  only  seven  elements  (among  those  of  practical  importance) 
which  do  not  unite  in  a direct  manner  with  oxygen , viz chlorine,  bromine , 

iodine,  fluorine,  gold,  silver,  platinum. 

(Definition.— The  compounds  of  oxygen  with  other  elements  are 

called.  Oxides  ) 

The  act  of  combination  with  oxygen,  or  oxidation,  is  generally  a slow 
process,  and  its  effects  are  not  immediately  perceived.  Some  familiar 
examples  of  oxidation  are— the  tarnishing  or  rusting  of  metals  by  air, 
the  gradual  decay  of  wood,  the  drying  of  oils  in  paint  the  formation 
of  vinegar  from  alcoholic  liquids,  the  respiration  of  animals,  and 

combustion.  . . ..  . , 

In  all  these  processes  heat  is  generated ; but  it  is  not  usually  noticed 

unless  it  is  sufficient  to  render  the  particles  of  matter  luminous,  which 

is  the  case  only  with  combustion.  _ . , , 

(Definition. — Combustion  is  chemical  combination  attended  with  heat 

and  light. ) , , « , . 

Welter's  lain  is  approximately  true  for  a large  number  of  cases,  that 

the  quantity  of  heat  produced  by  combustion  is  nearly  proportional  to 
the  oxygen  consumed,  so  that,  for  the  same  quantity  of  oxygen,  dif- 
ferent combustibles  produce  about  the  same  quantity  of  heat.  Thus 
one  gramme  of  oxygen  produces  about  4300  gramme  units  of  heat  with 


slightly  raises  the  temperature  of  the  mass. 

_ — 17  . ..  «/i  /i/vM  rt  /~i  Si  / 


Now,  heat  generally  encourages  chemical  u 
this  rise  of  temperature  is  to  induce  a more 
the  phosphorus  with  the  oxygen,  causing  a g: 


irages  chemical  union,  so  that  the  e fleet  of 
to  induce  a more  extensive  combination  of 
vo-en,  causing  a greater  development  of  heat 

j & . • I • i-hn  lo'mrinunfnva 


in  a given  time,  until  the  temperature 


is  sufficient  to  render  the  particles 
brilliantly  luminous,  and  a true  case 
of  combustion  results — the  combina- 
tion of  the  phosphorus  with  oxygen, 
attended  with  production  of  heat  and 
light.  In  cold  weather,  the  phosphorus 
seldom  takes  fire  until  rubbed,  or 
touched  with  a hot  wire.  _ _ . 


(Definition. — Combustion  in  air  is 
the  chemical  combination  of  the  ele- 


until  rubbed,  or 


ir,  attended  with 


ments  of  the  combustible  with  the  oxygen  of  the  air 
development  of  heat  and  light.) 
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If  a dry  glass  (fig.  23)  be  placed  over  the  burning  phosphorus,  the 
thick  white  smoke  which  proceeds  from  it  may  be  collected  in  the  form 
of  snowy  flakes.  These  flakes  are  commonly  termed  phosphoric  oxide 
or  anhydride*  and  are  composed  of  80  parts  by  weight  of  oxygen,  and 
62  parts  of  phosphorus  (P.,0.). 

If  the  white  flakes  are  exposed  to  the  air  for  a short  time,  they 
attract  moisture  and  become  little  drops,  which  have  a very  sour  or  acid 
taste.  It  was  mentioned  at  page  14  that  all  substances  which  have 
such  a taste  have  been  found  also  to  be  capable  of  changing  the  blue 
colour  of  litmus  f to  red,  whence  the  chemist  is  in  the  habit  of  employing 
paper  dyed  with  blue  litmus  for  the  recognition  of  an  acid. 

(Definition. — Anhydride,  a compound  which  produces  an  acid  when 
brought  into  contact  with  water.) 

For  the  exact  definition  of  an  acid  see  page  29. 

During  the  slow  combination  of  phosphorus  with  the  oxygen  of  the 
air,  before  actual  combustion  commences,  only  48  parts  of  oxygen  unite 
with  62  parts  of  phosphorus,  forming  the  substance  called  phosphorous 
oxide  or  anhydride  (P203)- 

(Definition. — The  endings  -ous  and  -ic  distinguish  between  two 
compounds  formed  by  oxygen  with  the  same  element  j -ous  implying 
the  .smaller  proportion  of  oxygen.) 

Unless  the  temperature  of  the  air  be  rather  high,  the  fragment  of 
phosphorus  will  not  take  fire  spontaneously,  but  its  combustion  may 
always  be  ensured  by  exposing  a larger  surface  to  the  action  of  the 
aii1.  As  a general  rule,  a fine  state  of  division  favours  chemical  combi- 
nation, because  the  attractive  force  inducing  combination  operates  only 
between  substances  in  actual  contact ; and  the  smaller  the  size  of  the 
particles,  the  more  completely  will  this  condition  be  fulfilled. 

Thus  if  a small  fragment  of  dry  phosphorus  be  placed  in  a test-tube,  and  dis- 
solved in  a little  carbon  disulphide,  the  solution  when  poured  upon  blotting  paper 
(fig.  24),  will  part  with  the  solvent  by 
evaporation,  leaving  the  phosphorus  in  a 
very  finely  divided  state  upon  the  sur- 
face of  the  paper,  where  it  is  so  rapidly 
acted  on  by  the  oxygen  of  the  air  that  it 
bursts  spontaneously  into  a blaze. 

Though  the  light  emitted  by 
phosphorus  burning  in  air  is  very 
brilliant,  it  is  greatly  increased 
when  pure  oxygen  is  employed  ; for 
since  the  nitrogen  with  which  the  oxygen  in  air  is  mixed  takes  no  part 
in  the  act  of  combustion,  it  impedes  and  moderates  the  action  of  the 
oxygen.  Each  volume  of  the  latter  gas  is  mixed,  in  air,  -with  four 
volumes  of  nitrogen,  so  that  we  may  suppose  five  times  as  many 
particles  of  oxygen  to  come  into  contact,  in  a given  time,  with  the 
particles  of  the  phosphorus  immersed  in  the  pure  gas,  which  will 
account  for  the  great  augmentation  of  the  temperature  and  light  of  the 
burning  mass. 

To  demonstrate  the  brilliant  combustion  of  phosphorus  in  oxygen,  a piece  not 
larger  than  a good-sized  pea  is  placed  in  a little  copper  or  iron  cup  upon  an  iron 
stand  (fig.  25),  and  kindled  by  being  touched  with  a hot  wire.  The  globe,  having 

0 Anhydride,  or  without  water,  from  av,  negative,  and  vSu p,  water. 

t A colouring  matter  prepared  from  a lichen,  Jioccella  tincioria;  the  cause  of  the  change 
of  colour  will  be  more  easily  understood  hereafter. 
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been  previously  filled  with  oxygen,  and  kept  in  a plate  containing  a little  water, 
is  placed  over  the  burning  phosphorus.* 

It  will  be  observed  that  the  same  white 
clouds  of  phosphoric  anhydride  are  formed, 
whether  phosphorus  is  burnt  in  oxygen  or 
in  air,  exemplifying  the  fact  that  a sub- 
stance will  combine  with  the  same  propor- 
tion of  oxygen  whether  its  combustion  be 
effected  in  pure  oxygen  or  in  atmospheric 
air.  The  apparent  increase  of  heat  is  due 
to  the  combustion  of  a greater  weight  of 


phosphorus  in  a 


given 


time  and  space. 


Eig.  25.  — Phosphorus  burning  in  ^ _ 

oxygen.  The  total  heating  effect  produced  by  the 

combustion  of  a given  weight  of  phosphorus  is  the  same  whether  air  or 
pure  oxygen  be  employed. 

20.  Sulphur  ( brimstone ) affords  an  example  of  a non-metallic  element 
which  will  not  enter  into  combination  with  oxygen  until  its  tempera- 
ture has  been  raised  very  considerably.  When  sulphur  is  heated  in  air, 
it  soon  melts  ; and  as  soon  as  its  temperature  reaches  500°  F.,  it  takes 
fire,  burning  with  a pale  blue  flame.  If  the  burning  sulphur  be  plunged 
into  a jar  of  oxygen,  the  blue  light  will  become  very  brilliant,  but  the 
same  act  of  combination  takes  place — 32  parts  by  weight  of  oxygen 
uniting  with  32  parts  of  sulphur  to  form  sulphurous  acid  gas  or  sulphur- 
ous anhydride  (SO„),  which  may  be  recognised  in  the  jar  by  the  well- 
known  suffocating  smell  of  brimstone  matches.  The  experiment  is  most 
conveniently  performed  by  heating  the  sulphur  in  a deflagrating  spoon 

(A,  fig.  26),  which  is  then  plunged  into 
the  jar  of  oxygen,  its  collar  (B)  resting 
upon  the  neck  of  the  jar,  which  stands 
in  a plate  containing  a little  water. 
The  water  absorbs  a part  of  the  sul- 
phurous acid  gas,  and  will  be  found 
capable  of  strongly  reddening  litmus- 
paper.  It  is  possible  to  produce,  though 
not  by  simple  combustion,  a compound 
of  sulphur  with  half  as  much  more 
oxygen  (SO.,  sulphuric  anhydride),  shov  - 
ing  that  a substance  does  not  always  take 
up  its  fidl  share  of  oxygen  when  burnt. 

The  luminosity  of  the  flame  of  sulphur 
is  far  inferior  to  that  of  phosphorus,  be- 
cause, in  the  former  case,  there  are  no  extremely  dense  particles  in  the 
flame  corresponding  to  those  of  the  phosphoric  oxide  produced  in  the 

combustion  of  phosphorus.  . f 

21.  Carbon,  also  a non-metallic  element,  requires  the  application  of  a 
higher  temperature  than  sulphur  to  induce  it  to  enter  into  direct  union 
with  oxygen : indeed,  perfectly  pure  carbon  appears  to  require  a heat 
approaching  whiteness  to  produce  thiseftect.  But  charcoal  ( e cai  on 
in  which  is  associated  with  not  inconsiderable  proportions  of  hydrogen 
and  oxygen)  begins  to  burn  in  air  at  a much  lower  temperature ; and 

* This  globe  should  bo  of  thin,  well-annealed  glass;  and  it  is  sure  to  be  broken  if  too 
large  a piece  of  phosphorus  be  employed. 


Eig.  26.- 


- Sulphur  burning  in 
oxygen. 
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if  a piece  of  wood  charcoal,  with  a single  spot  heated  to  redness,  be 
lowered  into  a jar  of  oxygen,  the  adjacent  particles  will  soon  be  raised 
to  the  combining  temperature,  and  the  whole  mass  will  grow  intensely, 
32  parts  by  weight  of  oxygen  uniting  with  12  parts  of  carbon  to  form 
carbonic  acid  gas  (C02)  or  carbonic  anhydride,  which  will  redden  a piece 
of  moistened  blue  litmus-paper  suspended  in  the  jar.  It  should  be 
remembered  that  carbon  is  an  essential  constituent  of  all  ordinary  fuel , 
and  carbonic  ackl  gas  is  alioays  produced  by  its  combustion. 

It  will  be  noticed  that  the  combustion  of  the  charcoal  is  scarcely 
attended  with  flame ; and  when  pure  carbon  (diamond,  for  example)  is 
employed,  no  flame  whatever  is  produced  in  its  combustion,  because 
carbon  is  not  convertible  into  vapour,  and  all  flame  is  vapour  or  gas  in 
the  act  of  combustion  ; hence,  only  those  substances  burn  with  flame  which 
are  capable  of  yielding  combustible  gases  or  vapours. 

22.  The  three  examples  of  sulphur,  phosphorus,  and  carbon  suffi- 
ciently illustrate  the  tendency  of  non-metals  to  form  acids  by  union  with 
oxygen  and  water,  which  originally  led  to  the  adoption  of  its  name, 
derived  from  d£vs,  acid,  and  ye waa>,  I produce.  All  the  non-metallic  ele- 
ments, except  hydrogen  and  fluorine,  are  capable  of  forming  anhydrides 
by  their  union  with  oxygen. 

Definition  of  an  acid. — A compound  containing  hydrogen,  which, 
when  in  contact  with  an  alkali  (p.  14)  exchanges  its  hydrogen,  or  a 
portion  of  it,  for  the  alkali  metal. 

For  example — 


HC1 

+ 

NaOII 

NaCl 

+ 

H.,0 

Hydrochloric  acid. 

Soda. 

Sodium  chloride. 

Water. 

H2S04 

Sulphuric  acid. 

+ 

2K0H 

k3so4 

+ 

2H20 

Potash. 

Potassium  sulphate. 

Water. 

h3po4 

+ 

2NaOH 

Na,HP04 

+ 

2H20 

Phosphoric  acid. 

Soda. 

Sodium  phosphate. 

Water. 

23.  The  metals,  as  a class,  exhibit  a greater  disposition  to  unite  directly 
with  oxygen,  though  few  of  them  will  do  so  in  their  ordinary  condition, 
and  at  the  ordinary  temperature.  Several  metals,  such  as  iron  and  lead, 
are  superficially  oxidised  when  exposed  to  air  under  ordinary  conditions, 
but  this  would  not  be  the  case  unless  the  air  contained  water  and  car- 
bonic acid  gas,  which  favour  the  oxidation  in  a very  decided  manner. 
Among  the  metals  which  are  of  importance  in  practice,  five  only  are 
oxidised  by  exposure  to  dry  air  at  the  ordinary  temperature,  viz.,  potas- 
sium, sodium,  barium,  strontium,  aud  calcium,  the  attraction  of  these 
metals  for  oxygen  being  so  powerful  that  they  must  be  kept  under  petro- 
leum, or  some  similar  liquid  free  from  oxygen.  On  the  other  hand,  three 
of  the  common  metals,  silver,  gold,  and  platinum,  have  so  little  attraction 
for  oxygen  that  they  cannot  be  induced  to  unite  with  it  directly,  even 
at  high  temperatures. 

If  a lump  of  sodium  be  cut  across  with  a knife,  the  fresh  surfaces  will 
exhibit  a splendid  lustre,  but  will  very  speedily  tarnish  by  combining 
with  oxygen  from  the  air,  which  gives  rise  to  a coating  of  sodium  oxide, 
and  this  to  some  extent  protects  the  metal  beneath  from  oxidation.  The 
freshly  cut  sodium  shines  in  the  dark  like  phosphorus.  Even  when  the 
attraction  of  the  sodium  for  oxygen  is  increased  by  the  application  of 
heat,  it  is  long  before  the  mass  of  sodium  is  oxidised  throughout,  unless 
the  temperature  be  sufficiently  high  to  convei’t  a portion  of  the  sodium 
into  vapour,  which  bursts  through  the  crust  of  oxide,  and  burns  with  a 
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Fig.  27. — Zinc  burning  in  oxygen. 


yellow  flame.  If  the  spoon  containing  the  sodium  (see  fig.  26)  be  now 
plunged  into  a jar  of  oxygen,  the  yellow  flame  will  he  far  more  brilliant. 

Sixteen  parts  by  weight  of  oxygen  here  combine  with  46  parts  of 
sodium  to  form  disodium  oxide  (Na20),  which  remains  in  the  spoon  in  a 
fused  state.  When  the  spoon  is  cool,  it  may  be  placed  in  water,  which 
will  dissolve  the  oxide,  converting  it  into  the  alkali  soda, 

Na.,0  + H.,0  = 2NaH0 
"Water.  Soda. 

24.  Zinc  will  serve  as  an  example  of  a metal  which  has  no  disposition 
to  enter  into  combination  with  oxygen  at  the  ordinary  temperature,*  but 
which  is  induced  to  unite  with  it  by  a very  moderate  heat.  If  a little 
zinc  (spelter)  be  melted  in  a ladle  or  crucible,  and  stirred  about  w it h an 
iron  rod,  it  burns  with  a beautiful  greenish  flame,  produced  by  the  union 

of  the  vapour  of  zinc  with  the  oxygen  of 
the  ah’.  But  the  combustion  is  far  more 
brilliant  if  a piece  of  zinc-foil  be  made 
into  a tassel  (fig.  27),  gently  warmed  at 
the  end,  dipped  into  a little  flowers  of  sul- 
phur, kindled,  and  let  down  into  a jar  of 
oxygen,  when  the  flame  of  the  burning 
sulphur  will  ignite  the  zinc,  which  burns 
with  great  brilliancy.  On  withdrawing 
what  remains  of  the  tassel  after  the  com- 
bustion is  over,  it  will  be  found  to  consist 
of  a brittle  mass,  which  has  a fine  yellow 
• colour  while  hot,  and  becomes  white  as  it  cools.  This  is  the  zinc  oxide 
(ZnO),  formed  by  the  union  of  16  parts  by  weight  of  oxygen  with 

65  parts  of  zinc.  . ,,  r 

The  zinc  oxide  does  not  possess  the  properties  of  an  acid  or  an  aikaJi, 
and  belongs  to  another  class  of  compounds  termed  bases,  which  are  not 
soluble  in  water  as  the  alkalies  are,  but,  like  them,  are  capable,  of  neu- 
tralising, either  partly  or  entirely,  the  acids.  Thus,  if  the  zinc  oxide  v ere 
added  to  diluted  sulphuric  acid  as  long  as  the  acid  would  dissolve  it,  the 
well-known  corrosive  properties  of  the  acid  would  be  destroyed,  althoug  1 
it  would  still  retain  the  power  of  reddening  blue  litmus,  and  the  solution 
would  now  contain  a new  substance,  or  salt,  called  zinc  sulphate  (Znb  J. 

(Definition.— A base  is  a compound  body  which  is  capable  of  neu- 
tralising an  acid,  either  partly  or  entirely.)  _ 

It  will  be  observed  th,at  an  alkali  is  only  a particular  species  of  base, 
and  might  be  defined  as  a base  which  is  very  soluble  in  water. 

(Definition— A salt  is  a compound  formed  when  the  hydrogen  111 
an  acid  is  replaced,  either  entirely  or  partly,  by  a metal,  thus,  sodium, 
chloride,  NaCl,  is  formed  by  the  replacement  of  the  H m HC1,  hydrochloric 
acid,  by  sodium ; sodium  phosphate,  Na2HP04,  is  formed  from  phosphor 
acid,  H.PO.,  by  the  replacement  of  two-thirds  of  the  hydrogen  by  sodium.) 

25.  iron,  in  its  ordinary  form,  like  zinc,  is  not  oxidised  by  dry  an  01 
oxygen  at  the  ordinary  temperature;  but  if  it  be  heated  eien  to  03 
roo"  F.  a film  of  oxide  of  non  forms  upon  its  surface,  and  as  the  tem- 
perature is  raised,  the  thickness  of  the  film  increases,  until  eventually 
it  becomes  so  thick  that  it  can  be  detached  by  hnminering  the  siuface 
as  may  be  seen  in  a smith’s  forge.  If  an  iron  rod  as  thick  as  the  little 

» Unless  water  ancl  carbonic  acid  gas  be  present,  as  in  common  ail. 
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Fig.  28. — Watch-spring  burning 
in  oxygen. 


fino-er  be  heated  to  whiteness  at  the  extremity,  and  held  before  the  nozzle 
of  a powerful  bellows,  it  will  burn  brilliantly,  throwing  off  sparks  and 
dropping  melted  oxide  of  iron.  If  a stream  of  oxygen  be  substituted 
for  air,  the  combustion  is  of  the  most  brilliant  description.  A watch- 
spring ’(iron  combined  with  about  1 per  cent,  of  carbon)  may  be  easily 
made° to  burn  in  oxygen  by  heating  it  in 
a flame  till  its  elasticity  is  destroyed,  and 
coiling  it  into  a spiral  (A,  fig.  28),  one 
end  of  which  is  fixed,  by  means  of  a cork, 
in  the  deflagrating  collar  B ; if  the  other 
end  be  filed  thin  and  clean,  dipped  into  a 
little  sulphur,  kindled  and  immersed  in  a 
jar  of  oxygen  (C)  standing  in  a plate  of 
water,  the  burning  sulphur  will  raise  the 
iron  to  the  point  of  combustion,  and  the 
spring  will  be  converted  into  molten 
drops  of  oxide. 

The  black  oxide  of  iron  formed  in  all 
these  cases  is  really  a combination  of  two  distinct  oxides  of  iron,  one 
of  which  contains  16  parts  by  weight  of  oxygen  and  56  parts  of  iron,  and 
would  be  written  FeO,  whilst  the  other  contains  48  parts  of  oxygen  and 
1 12  parts  of  iron,  expressed  by  the  formula  Fe,03.  To  distinguish 
them,  the  former  is  usually  called  ferrous  oxide,  and  the  latter  ferric 
oxide ; this  combined  with  water  constitutes  ordinary  rust. 

The  black  oxide  usually  contains  one  combining  weight  of  each  oxide, 
so  that  it  would  be  written  FeO.Fe,03,  or  Fe304.  It  is  powerfully 
attracted  by  the  magnet,  and  is  often  called  magnetic  oxide  of  iron.  The 
abundant  magnetic  ore  of  iron,  of  which  the  loadstone  is  a variety,  has 
a similar  composition. 

Iron  in  a very  fine  state  of  division  will  take  fire  spontaneously  in  air 
as  certainly  as  phosphorus.  Pyrophoric  iron  can  be  obtained  (by  a 
process  to  be  described  hereafter)  as  a black  powder,  which  must  be 
preserved  in  sealed  tubes.  YVTien  the  tube  is  opened,  and  its  contents 
thrown  into  the  air,  oxidation  takes  place,  and  is  attended  with  a vivid 
glow.  In  this  case  the  red  oxide  of  iron  is  produced  instead  of  the 
black  oxide. 

Both  these  oxides  of  iron  are  capable  of  neutralising,  or  partly  neu- 
tralising, acids,  and  are,  therefore,  basic  oxides  or  bases,  like  the  oxides 
of  zinc  and  sodium  obtained  in  previous  experiments.  So  general  is  the 
disposition  of  metals  to  form  oxides  of  this  class,  that  it  may  be  regarded 
as  one  of  the  distinguishing  features  of  a metal,  for  no  non-metal  ever 
forms  a base  with  oxygen. 

(Definition. — A metal  is  an  element  capable  of  forming  a base  * by 
combining  with  oxygen.) 

Many  metals  are  capable  also  of  forming  anhydrides  with  oxygen  ; 
thus,  tin  forms  stannic  anhydride  (Sn02),  antimony  forms  antimonic 
anhydride  (Sb,0A),  and  it  is  always  found  that  the  anhydride  of  a metal 
contains  a larger  proportion  of  oxygen  than  any  of  the  other  oxides 
which  the  metal  may  happen  to  form. 

26.  There  is  a third  class  of  oxides,  termed  the  indifferent  oxides , 


* The  metal  tungsten  appears  at  present  to  be  an  exception  to  this  rule,  no  well-defined 
basic  oxide  of  this  metal  being  known. 
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because  they  are  neither  anhydrides  nor  bases  ; such  oxides  maybe  formed 
either  by  non-metals  or  metals  ; thus  water  (H20),  the  oxide  of  hydrogen, 
is  an  indifferent  oxide,  and  the  black  oxide  of  manganese  (Mn02)  is  an 
example  of  an  indifferent  metallic  oxide. 

27.  Preparation  of  oxygen.- — For  almost  all  the  useful  arts  in  which 
uncombined  oxygen  is  required,  the  diluted  gas  contained  in  atmospheric 
air  is  sufficient,  since  the  nitrogen  mixed  with  it  does  not  interfere  with 

its  action.  . . . 

From  atmospheric  air  pure  oxygen  was  first  obtained  by  Lavoisier 
towards  the  end  of  the  last  century.  His  process  is  far  too 'tedious  to 
be  employed  as  a general  method  of  preparing  oxygen,  but  it  affoids  a 
very  good  example  of  the  relation  of  heat  to  chemical  action.  Some 
mercury  was  poured  into  a glass  flask  with  a long  nan  ow  neck,  w kick 
was  placed  on  a furnace,  so  that  its  temperature  might  be  constantly 
maintained  at  about  349°  C.  (66o°  F.)  for  twelve  days.  The  mercury 
boiled,  and  a portion  of  it  was  converted  into  vapour,  which  condensed 
in  the  neck  of  the  flask  and  ran  back  again.  Eventually  part  of  the 
mercury  was  converted  into  a red  powder,  having  combined  with  the 
oxyo-en  of  the  air  (or  undergone  oxidation)  to  form  the  red  oxide  of 
mercury.  The  nitrogen  of  the  air  does  not  enter  into  combination  with 

the  mercury.  . 1 

By  heating  this  oxide  of  mercury  to  a temperature  approaching  a red 

heat  (about  500°  C.  or  iooo°  F.)  it  is  decomposed  into  mercury  and 
oxygen  gas  (HgO  = Hg  + 0). 

It  is  very  generally  found,  as  in  this  instance,  that  heat  of  moderate 
intensity  will  favour  the  operation  of  chemical  attraction,  whilst  a more 
intense  heat  will  annul  it. 


Fig.  29. — Preparation  of  oxygen  from  oxide  of  mercury. 


A much  cheaper  process  to: 
is  now  employed  upon  the  la 
that  the  oxides  of  manganese. 


, when  heated  in  contact  with  alkalies  and 
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air,  are  capable  of  absorbing  the  oxygen  from  the  air,  and  of  subse- 
quently giving  it  up  again  if  heated  in  a current  of  steam. 

To  illustrate  this  process,  about  four  ounces  of  dry  sodium  manganate  (which 
may  be  purchased  cheaply  in  a crude  state)  are  introduced  into  a porcelain  tube* 
(t,  fig.  30)  fixed  in  a furnace.  One  end  of  the  tube  is  connected  with  a two-branched 
glass  tube,  so  that  either  a current  of  air  may  be  passed  through  it  by  the  tube  a, 
or  a current  of  steam  from  the  flask  w.  On  heating  the  manganate  in  the  tube  to 
dull  redness,  and  passing  the  steam  over  it,  oxygen  is  evolved,  and  may  be  collected 
in  the  jar  0.  2Na.,MnO,  + 2H.,0  = 4NaHO  + Mn,0.,  + 03. 

Sodium  ' Caustic  soda.  Ma,,ffanef 

manganate.  sesquioxide. 

If  the  current  of  steam  be  discontinued  and  the  air  be  slowly  passed  through 
the  tube  a,  the  oxygen  of  the  air  will  be  absorbed,  and  its  nitrogen  may  be 
collected  in  the  jar  n.  4NaHO  + Mn.,Oa  + 3(0  + N4)  = 2Na„Mn04  + 2IRO  + N12. 

Air. 

If  the  proper  temperature  be  employed,  the  stream  of  gas  issuing  from  the  tube 
may  be  constantly  kept  up,  and  may  be  made  to  consist  of  oxygen  or  nitrogen 
accordingly  as  steam  or  air  is  passed  through  the  tube.  The  current  of  air  is 
regulated  by  the  nipper -tap  c. 

The  gas-furnace  represented  in  fig.  30  consists  of  a row  of  twelve  Bunsen  burners, 


Fig.  30. — Extraction  of  oxygen  from  air. 


each  having  a stop-cock  by  which  the  flame  is  regulated.  The  horizontal  pipe  b, 
from  which  they  spring,  is  capable  of  being  raised  or  lowered  at  pleasure.  The 
porcelain  tube  t is  laid  in  a semi-cylindrical  trough  made  of  stout  iron  rods,  and 
filled  with  pieces  of  pumice-stone  or  fire-brick.  Above  this  is  placed  a corre- 
sponding trough,  so  that  the  tube  is  entirely  surrounded  by  glowing  material.! 
The  heat  must  be  applied  gradually  to  avoid  splitting  the  tube. 

28.  The  only  other  natural  source  from  which  it  has  been  found  con- 
venient to  prepare  pure  oxygen,  is  a black  mineral  composed  of 
manganese  and  oxygen.  It  is  found  in  some  parts  of  England,  but 
much  more  abundantly  in  Germany  and  Spain,  whence  it  is  imported 
for  the  use  of  the  bleacher  and  glass-maker.  Its  commercial  name  is 
manganese,  but  it  is  known  to  chemists  as  binoxide  of  manganese  or 

0 A copper  tube  with  screw-caps,  into  which  narrow  brass  or  copper  tubes  are  brazed, 
may  be  advantageously  substituted  for  the  porcelain  tube.  The  process  is  much  facili- 
tated by  mixing  the  manganate  of  soda  with  an  equal  weight  of  oxide  of  coppei-. 

f This  burner,  as  well  as  the  burner  described  at  page  13,  was  constructed  for  me  by 
Mr.  Rowley,  formerly  of  the  Royal  Military  Academy,  Woolwich,  whose  readiness  in 
perceiving  the  intention  of  an  apparatus,  and  in  improving  upon  the  original  idea  as  the 
work  proceeded,  rendered  his  co-operation  in  arranging  experimental  illustrations  of  the 
greatest  service  to  me. 
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manganese  dioxide  (MnOJ,  and  to  mineralogists  by  several  names 
designating  different  varieties.  The  most  significant  of  these  names  is 
pyrolusite,  referring  to  the  facility  with  which  it  may  be  decomposed 
by  heat  (trip,  lire,  and  Xvco,  to  loosen). 

One  of  the  cheapest  methods  of  preparing  oxygen  consists  in  heating 
small  fragments  of  this  black  oxide  of  manganese  in  an  iron  retort, 
placed  in  a good  fire,  the  gas  being  collected  in  jars  filled  with  water, 
and  standing  upon  the  shelf  of  the  pneumatic  trough,  or  in  a gas- 
holder or  gas-bag,  if  large  quantities  are  required. 

The  attraction  existing  between  manganese  and  oxygen  is  too  power- 
ful to  allow  the  metal  to  part  with  the  whole  of  its  oxygen  when  heated, 
so  that  only  one-third  of  the  oxygen  is  given  off  in  the  form  of  gas,  a brown 
oxide  of  manganese  being  left  in  the  retort;  3Mn02  = Mn304  + 0,. 

29.  By  far  the  most  convenient  source  of  oxygen,  for  general  use  in 

the  laboratory,  is  the  artificial  salt  called 
chlorate  of  potash,  or  potassium  chlorate, 
which  is  largely  manufactured  for  fire- 
works, percussion-cap  composition,  &c. 

If  a few  crystals  of  this  salt  be  heated 
in  a test-tube  over  a spirit-lamp  (fig. 
31),  it  soon  melts  to  a clear  liquid, 
which  presently  begins  to  boil  from  the 
disengagement  of  bubbles  of  oxygen, 
easily  recognised  by  introducing  a 
match  with  a spark  at  the  end  into  the 
upper  part  of  the  tube.  If  the  action 
of  heat  be  continued  until  no  more 
oxyo-en  is  given  off,  the  residue  in  the  tube  will  be  the  salt  termed  potas- 
sium chloride ; KC103  = KOI  + 03. 

Potassium  Potassium 

chlorate.  chloride.  _ _ . 

To  ascertain  what  quantity  of  oxygen  would  be  furnished  by  a given  weight  0 
the  chlorate,  the  atomic  weights  must  be  brought  into  use.  Referring  to  le 
table  of  atomic  weights'  it  is  found  that  Iv  = 39>  0 = i6,  and  Cl  = 35-5  ; hence  the 
molecular  weight  of  potassium  chlorate  is  easily  calculated. 

One  atomic  weight  of  potassium  • • • • 39 

,,  chlorine  . . • 35- 5 

Three  atomic  weights  of  oxygen  . . . • 48 

KC103=  i 22.5 

So  that  122.5  grains  of  chlorate  would  yield  48  grains  of  oxygen. 

Since  16  grains  of  oxygen  measure  46.7  cubic  inches  (p.  25),  the  48  grs.  wi 

”C  ifis°to»nfthS'.22.S  grains  of  potassium  chlorate  would  give  140  cubic 

242'6  grai“s  of 

chlorate  must  be  used,  or  rather  more  than  half  an  oun°e\  f nvT£ren  measured 
122.5  grammes  of  potassium  chlorate  would  yield  33.48  litres  of  oxygen  meas uie 

at  o°  C.  and  760  mm.  Bar.  _ 

Since  the  complete  decomposition  of  the  potassium  chlorate  requires  a 
more  intense  heat  than  a glass  vessel  will  usually  endure,  it  is  cus  omary 
to  facilitate  it  by  mixing  the  chlorate  with  about 

of  powdered  black  oxide  of  manganese,  when  the  whole  of  the  oxygen 
is  given  off  at  a comparatively  low  temperature,  though  the  oxide  of 
manganese  itself  suffers  no  change,  and  its  action  has  not  j et  received 
any  explanation  which  is  quite  satisfactory. 


Fig.  31. 
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Fig.  32  shows  a very  convenient  arrangement  for  preparing  and  collecting 
oxygen  for  the  purpose  of  demonstrating  its  relations  to  combustion.  A is  a 
Florence  flask  in  which  the  glass  tube  B is  fixed  by  a perforated  cork.  C is  a 
tube  of  vulcanised  india-rubber.  The  gas-jar  is  filled  with  water,  and  supported 
upon  a bee-hive  shelf  made  of  earthenware.  If  pint  gas-jars  be  employed, 
300  grains  of  potassium  chlorate,  mixed  with  60  grains  of  binoxide  of  manganese, 
will  furnish  a sufficient  supply  of  gas  for  the  ordinary  experiments.  The 
binoxide  of  manganese  should  be  thoroughly  dried  by  moderately  heating  it  in  a 


Fig.  32. — Preparation  of  oxygen. 

crucible  before  being  mixed  with  the  chlorate.  It  is  also  advisable  to  test  it  by 
heating  a little  of  it  with  the  chlorate,  since  charcoal  and  sulphuret  of  antimony, 
which  form  very  explosive  mixtures  with  chlorate  of  potash,  have  sometimes 
been  sold  by  mistake  for  binoxide  of  manganese.  The  heat  must  be  moderated 
according  to  the  rate  at  which  the  gas  is  evolved,  and  the  tube  C must  be  taken 
out  of  the  water  before  the  lamp  is  removed,  or  the  contraction  of  the  gas  in 
cooling  will  suck  the  water  back  into  the  flask.  The  first  jar  of  gas  will  contain 
the  air  with  which  the  flask  was  filled  at  the  commencement  of  the  experiment. 
The  oxygen  obtained  will  have  a slight  smell  of  chlorine. 


WATER. 

H.,0  = i8  grammes  = 22.32  litres  (vapour). 

30.  Synthesis  of  Water  from  its  Elements. — It  has  been  seen  already 
(p.  24)  that  the  combination  of  hydrogen  with  oxygen  to  form  water 
is  attended  with  great  evolution  of  heat  and  consequent  expansion,  and 
hence  the  mixture  of  these  gases  is  found  to  explode  violently  on  contact 
with  flame. 

The  experiment  may  be  made  safely  in  a soda-water  bottle.  The  bottle  is 
filled  with  water,  and  inverted  with  its  mouth  beneath  the  surface  of  the  water  ; 
enough  oxygen  is  then  passed  up  into  it  to  fill  one-third  of  its  volume  ; if  the 
remainder  of  the  water  be  then  displaced  by  hydrogen,  and  the  mouth  of  the 
bottle  be  presented  to  the  flame  of  a spirit-lamp,  a very  violent  explosion  will 
result,  attended  with  a vivid  blue  flash  in  the  bottle.  If  the  mouth  of  the  bottle 
be  presented  towards  a screen  of  paper,  at  a distance  of  20  or  30  inches,  the 
paper  will  be  violently  torn  to  pieces,  bearing  witness  to  the  concussion  between 
the  expanded  steam  issuing  from  the  bottle  and  the  external  air. 

If  some  of  the  mixture  of  oxygen  with  twice  its  volume  of  hydrogen  be 
introduced  into  a capped  jar  (fig.  33),  provided  with  a piece  of  caoutchouc 
tubing  and  a small  glass  tube,  and  pressed  down  in  a trough  of  water,  soap- 
bubbles  may  be  inflated  with  it,  which  will  ascend  rapidly  in  the  air,  and  explode 
violently  when  touched  with  a flame,  which  must  not,  of  course,  be  applied  to 
the  bubble  until  it  is  at  some  distance  away  from  the  tube,  for  fear  of  exploding 
the  mixture  in  the  jar. 

31.  In  order  to  demonstrate  the  production  of  water  in  the  explosion,  the 
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Cavendish  eudiometer  * (fig.  34)  is  employed.  This  is  a strong  glass  vessel,  with  a 
stopper  firmly  secured  by  a clamp  (A),  and  provided  with  two  platinum  wires  (P), 
which  pass  through  the  stopper,  and  approach  very  near  to  each  other  within  the 


Fig-  33- 

eudiometer,  so  that  the  electric  spark  may  easily  be  passed  between  them.  By 
screwing  the  stop-cock  B into  the  plate  of  an  air-pump,  the  eudiometer  may  be 
exhausted.  It  is  then  screwed  on  to  the  jar  represented  m fig-  35. wllich 
a mixture  of  two  measures  of  hydrogen  with  one  measure  of  oxygen,  stambr^ 
over  water.  On  opening  the  stop-cocks  between  the  two  vessels,  the  eudiometer 
becomes  filled  with  the  mixture,  and  the  quantity  which  has  entered  is  indicate 


Fig.  34- 


Fig.  35- 


combine  with  a vivid  Hail,  of  light,. 

there  is  no  collision  with  the  external  air  For  an  instant  a mist  w =(  ^ 

^ ,he 

. So  named  from  fine  or  clem  and 

L the  synthesis  of 

water.  , , , „nt  0p  combination  is  here  prevented  from 

t Since  the  steam  produced  at  , , •,  • gaveq  so  that  the  temperature  is 

2$£S tt.^Might’wgSter  tifan  when  the  combination  is  effected  in  an  open 
vessol. 
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high  temperature  of  the  electric  spark,  as  it  was  in  the  former  experiment  by 
the  high  temperature  of  the  flame.  If  the  gases  have  been  mixed  in  the  exact  pro- 
portion of  two  measures  of  hydrogen  to  one  measure  of  oxygen,  the  eudiometer 
will  now  be  again  vacuous,  and  if  it  be  screwed  on  to  the  capped  jar,  may  be 
filled  a second  time  with  the  mixture,  which  may  be  exploded  in  the  same 
manner. 

The  entire  disappearance  of  the  gases  may  be  rendered  obvious  to  the  eye  by 
exploding  the  mixture  over  mercury.  For  this  purpose  the  mixed  gases  should 
be  collected  from  water  itself,  which  is  strongly  acidified  with  sulphuric  acid, 
and  decomposed  in  the  voltameter  (A,  fig.  36)  by  the  aid  of  five  or  six  cells  of 
Grove’s  battery.  The  voltameter  contains  two  platinum  plates  (B),  attached  to 
the  platinum  wires  C and  D,  which  are  connected  with  the  opposite  poles  of  the 
battery.  The  first  few  bubbles  of  the  mixture  of  hydrogen  and  oxygen  evolved 
having  been  allowed  to  escape,  in  order  to  displace  the  air,  the  gas  may  be 
collected  in  the  small  eudiometer  (E),  which  has  been  previously  filled  with 
water.  This  eudiometer  is  a cylinder  of  very  thick  glass,*  closed  at  one  end, 


Fig.  36. — Detonating  gas  collected  from  voltameter. 

and  having  two  stout  platinum  wires  cemented  into  holes  drilled  near  the  closed 
end,  the  wires  approaching  sufficiently  near  to  each  other  to  allow  the  passage  of 
the  electric  spark.  Having  been  filled  with  the  mixture  of  hydrogen  and  oxygen 
from  the  voltameter,  the  eudiometer  is  closed  with  the  finger,  and  transferred  to 
a basin  containing  mercury,  where  it  is  pressed  firmly  down  upon  a stout  cushion 
of  india-rubber,  and  the  spark  passed  through  the  mixed  gases,  either  from  the 
coil  or  the  Leyden  jar.  The  combustion  takes  place  with  violent  concussion,  but 
without  noise ; and  since  the  eudiometer  is  vacuous  after  the  gases  have  com- 
bined, the  cushion  will  be  found  to  be  very  firmly  pressed  against  its  open  end. 
On  loosening  the  cushion,  the  mercury  will  be  violently  forced  up  into  the 
eudiometer,  which  will  be  completely  filled  with  it,  proving  that  when  an  electric 
spark  is  passed  through  the  mixture  of  2 volumes  of  hydrogen  and  1 volume  of 
oxygen,  no  residue  of  gas  remains. 

This  may  also  be  demonstrated  with  the  siphon  eudiometer,  shown  in  fig.  37, 
by  confining  about  a cubic  inch  of  the  explosive  mixture  in  the  closed  limb,  over 
water,  and  stopping  the  open  limb  securely  with  a cork,  so  as  to  leave  a space 
filled  with  air  between  the  cork  and  the  water.  The  eudiometer  must  be  very 
firmly  fixed  on  a stand,  or  it  will  be  broken  by  the  concussion.  After  it  has  been 
proved,  it  may  be  held  in  the  hand,  as  in  the  figure.  By  firing  mixtures  of 
hydrogen  and  oxygen,  in  different  proportions,  in  the  same  manner,  it  may  be 
shown  that  any  excess  of  either  gas  above  the  ratio  of  2H  : 0 will  remain  un- 
combined after  the  explosion.  Care  is  required  in  these  experiments,  since  eudio- 
meters are  often  burst  by  the  explosion  of  the  mixture  of  2 volumes  of  hydrogen 
with  1 volume  of  oxygen. 

The  explosion  and  the  flash  of  light  in  the  foregoing  experiments  are  both  the 
results  of  the  heat  generated  in  the  act  of  combination ; so  that  the  water  pro- 
duced represents  so  much  less  energy  as  corresponds  to  the  heat  given  off  in  the 
combination.  This  heat  has  been  measured  by  means  of  a calorimeter,  and  it  has 
been  found  that  2 grammes  of  IT  and  16  grms.  of  0,  in  combining  to  form  liquid 
water,  generate  enough  heat  to  raise  68924  grms.  of  water  from  o°  C.  to  1°  C.  Of 
this  quantity,  9666  represent  the  heat  generated  by  the  change  of  state  from  the 

* The  bore  of  the  eudiometer  should  be  about  half  an  inch  in  diameter,  and  the  thick- 
ness of  its  sides  about  3th s of  an  inch ; its  length  is  7 inches. 
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gas  to  tlic  liquid,  so  that  the  difference,  59258,  represents  the  heat  generated  b> 
the  chemical  action  occurring  between  hydrogen  and  oxygen  in  forming  •> 
molecule  of  water  in  the  state  of  gas.  This  may  be  expressed  by  H2  + 0 = H2O  + 
59258  lieat-units , the  heat-unit  being  the  quantity  of  heat  required  to  raise  the 
temperature  of  one  gramme  of  water  from  o°  C.  to  i°  C.  _ 

The  quantity  of  heat  produced  in  any  chemical  action  is  a measure  of  t ic 
amount  of  chemical  force  which  is  exerted.  To  decompose  18  grammes  of  steam 
we  must  employ  an  amount  of  force,  in  the  form,  for  example,  of  electneity, 
corresponding  to  59258  heat-units. 

32.  The  knowledge  of  the  volumes  in  which  hydrogen  and  oxygen 
combine,  is  turned  to  account  in  the  analysis  of  gases,  to  ascertain  the 
proportion  of  hydrogen  or  oxygen  contained  in  them.  Suppose, _ for 
example,  it  be  required  to  determine  the  amount  of  oxygen  m a 
sample  of  atmospheric  air ; the  latter  is  mixed  with  hydrogen,  _ 111 
more  than  sufficient  quantity  to  combine  with  the  largest  proportion 
of  oxygen  which  could  be  present,  and  when  the  combination . has 
been  induced  by  the  electric  spark,  the  volume  of  gas  which  has  disap- 
peared (2  volumes  H + 1 volume  0)  has  only  to  be  divided  by  three  to 
give  the  volume  of  the  oxygen. 

A bent  eudiometer  (fig.  37)  is  generally  employed  for  this  purpose.  Having 
been  completely  filled  with  water,  it  is  inverted  m the  trough  and  the  speci- 
men of  air  is  introduced  (say  0.5  cubic  inch  or  8 cubic  centimetres)  The  open 

limb  is  then  closed  by  the  thumb,  and  the  eucliometei 
turned  so  as  to  transfer  the  air  to  the  closed  limb.  A 
stout  glass  rod  is  thrust  down  the  open  limb,  so  as  to 
displace  enough  water  to  equalise  the  level  m both  limbs, 
in  order  that  the  volume  of  the  air  may  not  be  diminished 
by  the  pressure  of  a higher  column  of  water  in  the  open 
limb.  The  volume  of  the  included  air  having  been  accu- 
rately noted,  the  open  limb  of  the  tube  is  again  filled  up 
with  water,  inverted  in  the  trough,  and  a quantity  or 
hydrogen  introduced,  equal  to  about  half  the  volume  of 
the  air.  This  having  been  transferred,  as  before,  to  the 
closed  limb,  the  columns  of  water  are  again  equalised, 
and  the  volume  of  the  mixture  of  air  and  hydrogen  ascer- 
. Fig.  37.  tained.  The  open  limb  is  now  firmly  closed  with  the 

Siphon  eudiometer.  thumbj  and  the  electric  spark  passed  through  the  mixture, 

either  from  the  Leyden  jar  or  the  induction-coil.  On  removmg  the  thumb  after 
the  explosion,  the  volume  of  gas  in  the  closed  limb  will  be  foiind  to 
diminished  very  considerably.  Enough  water  is  po^ed  into  the  open  h b t 
equalise  the  level,  and  the  volume  of  gas  is  observed.  If  this  volume  te  su 
tracted  from  the  volume  before  explosion,  the  volume  of  gM  which 
appeared  will  be  ascertained,  and  one-third  of  this  wffi  represent  the  ! » 

which  has  condensed  with  twice  its  volume  of  hydrogen  into  the  form  of  water. 
Thus  the  numbers  recorded  will  be— 

. 0.50  cub.  in. 


Volume  of  air  analysed  . 

Volume  of  air  mixed  with  hydrogen 
After  explosion  . 


0.75 

0-45 

•30 


Difference  ) 

(§H  and  £0)  )'  ' ‘ ' 

.30  divided  by  three  = .10  cub.  111.  of  oxygen. 

In  exact  experiments,  a correction  would  be  required  for  any  variation 
of  the  temperature  or  barometric  pressure  during  the  progress  o ie 

Will  have  been  observed,  in  the  experiment  upon  the  synthesis 
of  water  in  the  Cavendish  eudiometer,  that  the  volume  ot  water  obtained 
fe  Zry  small  in  comparison  with  that  of  the  gases  before  combination, 
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about  1870  volumes  of  the  mixed  gases  being  required  to  form  one 
volume  of  liquid  water,  because,  after  the  chemical  attraction  has  caused 
the  molecules  of  H and  O to  form  steam,  the  cohesive  attraction  has 
caused  the  molecules  of  steam  to  unite  and  form  liquid  water.  In  order 
to  watch  the  effect  of  the  chemical  attraction  only,  we  must  prevent  the 
steam  from  changing  its  state  after  it  is  produced. 

If  the  mixture  of  hydrogen  and  oxygen  be  measured  and  exploded  at 
or  above  the  boiling  point  of  water,  it  is  found  that  the  steam  produced 
occupies  two-thirds  of  the  volume  of  the  mixed  gases,  measured  at  the 
same  temperature  and  atmospheric  pressure.  Hence,  two  volumes  of 
hydrogen  combine  with  one  volume  0/  oxygen  to  form  two  volumes  oj 
aqueous  vapour,  at  the  same  temperature  and  pressure. 


The  combination  of  hydrogen  and  oxygen  in  a vessel  heated  to  the  boiling  point 
of  water  is  effected  in  the  apparatus  contrived  by  Dr.  Hofmann,  and  represented 
in  fig.  38,  where  the  closed  limb  of  the  eudiometer  is  surrounded  by  a tube  through 
which  steam  is  passed  from  a flask  connected  with  the  wide  tube' by  a cork  and 
a short  wide  piece  of  bent  glass  tubing,  jacketed 
with  caoutchouc  to  prevent  loss  of  heat.  The 
steam  escapes  through  the  tube  t which  enters  the 
cork  at  the  bottom.  The  closed  limb  of  the  eudio- 
meter having  been  filled  with  mercury,  a small 
quantity  of  the  mixture  of  hydrogen  and  oxygen 
obtained  from  the  voltameter  (fig.  36)  is  introduced 
into  it  through  a tube  passed  down  the  open  limb, 
the  displaced  mercury  being  run  out  through  the 
tube  c,  which  is  closed  by  a nipper-tap.  The  closed 
limb  is  then  heated  by  the  steam,  and  the  mercury 
in  the  two  limbs  levelled  from  time  to  time  by  run- 
ning a little  out  through  c,  until  the  gas  in  the 
closed  limb  no  longer  expands.  Its  volume  is  then 
observed,  an  inch  more  mercury  poured  into  the 
open  limb,  which  is  then  tightly  closed  by  a cork, 
and  the  spark  from  the  induction-coil  (fig.  6)  is 
passed  by  the  wires  — and  + . After  the  explosion, 
the  cork  is  removed,  and  the  mercury  levelled  in 
the  two  limbs,  when  the  volume  of  the  steam  will 
be  found  to  be  just  two-thirds  of  the  volume  of 
the  gas  before  the  explosion.  On  cooling  down, 
the  steam  condenses,  and  the  mercury  entirely  fills  the  closed  limb  of  the  eudio- 


Eig.  38. — Synthesis  of  water 
at  100°  C. 


meter. 


That  2 volumes  of  steam  should  contain  2 volumes  of  hydrogen  and 
1 volume  of  oxygen  would  appear,  on  physical  grounds,  impossible,  since 
two  bodies  cannot  occupy  the  same  space  at  the  same  time ; but  it  must 
be  remembered  that  the  two  bodies  in  question  have  lost  their  indi- 
viduality in  consequence  of  their  chemical  combination,  by  which  they 
have  become  one  body- — water. 

34.  The  synthesis  of  water  by  weight  cannot  be  effected  with  accuracy 
by  weighing  the  gases  themselves,  on  account  of  their  large  volume.  It 
is  therefore  accomplished  by  passing  an  indefinite  quantity  of  hydrogen 
over  a known  weight  of  pure  hot  oxide  of  copper,  when  the  hydrogen 
combines  with  the  oxygen  of  the  oxide  to  form  water.  The  loss  of 
weight  suffered  by  the  oxide  of  copper  gives  the  amount  of  oxygen ; and 
if  this  be  deducted  from  the  weight  of  the  water,  that  of  the  hydrogen 
will  be  ascertained. 


The  apparatus  employed  for  this  purpose  is  represented  in  fig.  39.  7t  is  the 
bottle  in  which  hydrogen  is  generated  from  diluted  sulphuric  acid  and  zinc , 
the  gas  passes  in  p through  solution  of  potash,  which  absorbs  any  sulphuretted 


40 


SYNTHESIS  OF  WATER  BY  WEIGHT. 


hydrogen  ; then  through  s,  containing  pumice-stone  (used  on  account  of  its  porous 
character),  saturated  with  a strong  solution  of  silver  nitrate,  which  removes 
arsenic  and  antimony  from  the  hydrogen ; the  gas  then  passes  through  vv. 


O 


Fig.  39. — Synthesis  of  water  by  weight. 


containing  pumice  saturated  with  oil  of  vitriol  to  absorb  moisture.  The  bulb  c, 
with  the  oxide  of  copper,  is  weighed  before  and  after  the  experiment,  as  are  the 
globe  cj,  for  condensing  the  water,  and  the  tube  t,  containing  pumice  and  oil  of 
vitriol,  to  absorb  the  aqueous  vapour.  Of  course  the  bulb  c must  not  be  heated 
until  the  hydrogen  has  displaced  all  the  air  from  the  apparatus. 

As  an  example,  10  grammes  of  CuO  were  employed,  and  7.98  grms.  Cu  were 
left,  2.2725  grms.  water  being  collected.  10  — 7.98  = 2.02  grms.  0;  2.2725- 
2. 02  = .2525  grms.  H;  2.2725  : 2.02  ::  100  : 88.88  ; 2.2725  : .2525  ::  100  : 11.11. 
100  parts  by  weight  of  water,  therefore,  contain  88.88  0 and  ii.n  H.  This  is 
the  usual  method  of  stating  the  composition  of  a substance.  To  deduce  the 
chemical  formula,  we  must  divide  each  constituent  by  its  atomic  weight ; 
88.88-^16  = 5.5  atomic  weights  of  0;  1 i.ii-m  = ii.n  atomic  weights  of  H. 
Then  5.55  : ii.n  : : 1 atom  O : 2 atoms  H. 

The  formula  would  be  H20  = i8  weights,  and  since  18  grammes  of  water  con- 
verted into  steam  are  found  to  occupy  the  same  volume  as  2 grammes  (or  one 
molecular  weight)  of  hydrogen,  II20  represents  one  molecule  of  water. 

The  above  experiment  would  also  serve  for  fixing  the  atomic  weight  of  copper, 
for  it  shows  that  100  parts  by  weight  of  cupric  oxide  contain  79.8  parts  of  copper 
and  20.2  parts  of  oxygen.  Then  20.2  : 79.8  : : 16  : 63.2  ; so  that  if  cupric  oxide  con- 
tains one  atom  of  copper  to  one  atom  of  oxygen,  the  atomic  weight  of  copper 
would  be  63.2. 

There  is  another  oxide  of  copper  known,  which  contains  127  of  copper  to  16  of 
oxygen,  and  if  63.5  be  taken  as  the  atomic  weight  of  copper,  we  shall  have 

Black  oxide  CuO  63.5  Cu  : 16  0 
Red  ,,  Cu20  127  Cu  : 16  0 

and  this  would  account  for  the  disposition  of  the  red  oxide  to  decompose  into  CuO 
and  metallic  Cu,  as  well  as  for  some  of  its  other  properties. 

35.  It  is  evident  that,  although  hydrogen  is  generally  designated  the 
combustible  gas,  and  oxygen  the  supporter  of  combustion,  the  application 
of  these  terms  depends  entirely  upon  circumstances,  since  the  phenome- 
non of  combustion  is  a reciprocal  operation  in  which  both  elements  have 
an  equal  share. 

This  may  be  illustrated  by  a simple  experiment.  The  hydrogen  and  oxygen 
reservoirs,*  H and  0,  fig.  40,  are  connected  with  two  bent  glass  tubes  passing 
through  a cork  into  an  ordinary  lamp  glass  c,  upon  the  upper  opening  of  which  a 
plate  of  talc  is  laid.  In  order  to  prevent  the  ends  of  the  glass  tubes  from  being 
fused  by  the  burning  gases,  little  platinum  tubes,  made  by  rolling  up  pieces  of 
platinum  foil,  are  placed  in  the  orifices,  and  the  glass  is  melted  round  them 
by  the  blowpipe  flame.  The  hydrogen  being  lighted,  and  the  oxygen  turned  on 
to  about  the  same  extent,  the  lamp-glass  is  placed  over  the  cork,  when  the 
hydrogen  burns  steadily.  If  the  oxygen  be  slowly  turned  off,  the  name  will 
gradually  leave  the  hydrogen  tube  and  come  over  to  the  oxygen,  which  will  con- 

* These  are  the  wrought-iron  vessels  iu  which  hydrogen  and  oxygen  are  condensed 
under  the  pressure  of  a few  atmospheres  by  Mr.  Orchard  of  Kensington.  1 hey  are  far 
more  convenient  than  gas-bags  or  gas-holders. 
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tinue  burning  in  the  atmosphere  of  hydrogen.  By  again  turning  on  the  oxygen, 
the  flame  may  be  sent  over  to  the  hydrogen  tube.  With  a little  care  the  flame 
may  be  made  to  occupy  an  intermediate  position  between  the  two  burners,  and  to 
leap  from  one  to  the  other  at  pleasure. 

36.  The  great  energy  with  which  hydrogen  combines  with  oxygen  is 
turned  to  account  for  the  purpose  of  producing  the  highest  temperature 
which  can  be  obtained  by  any  chemical  process. 


Fig.  40. — [Reciprocal  combustion. 


Fig.  41. — Oxyhydrogen  blowpipe. 


The  oxyhydrogen  blowpipe  (fig.  41)  is  an  apparatus  for  burning  a jet  of  hydro- 
gen mixed  with  half  its  volume  of  oxygen.  The  gases  are  supplied  from  separate 
gas-holders  (or  bags  with  pressure-boards  and  weights)  through  the  tubes  H and 
O,  which  conduct  them  into  the  brass  sphere  B.  Each  of  these  tubes  is  provided 
with  a valve  of  oiled  silk  opening  outwards,  so  as  to  prevent  the  passage  of  either 
gas  into  the  receptacle  containing  the  other.  The  tube  A is  stuffed  with  thin 
copper  wires,  which  would  rapidly  conduct  away  the  heat  and  extinguish  the 
flame  of  the  mixed  gases  burning  at  the  jet,  should  it  tend  to  pass  back  and 
ignite  the  mixture  in  B.  The  stop-cocks  D and  E allow  the  flow  of  the  gases  to 
be  regulated  so  that  they  may  mix  in  the  right  proportions.  If  the  hydrogen  be 
kindled  first,  it  will  be  found  that,  as  soon  as  the  oxygen  is  turned  on,  the  flame 
is  reduced  to  a very  much  smaller  volume,  because  the  undiluted  oxygen  required 
to  maintain  it  occupies  only  one-fifth  of  the  volume  of  the  atmospheric  air,  from 
which  the  hydrogen  was  at  first  supplied  with  oxygen.  The  heat  developed  by 
the  combustion  being  therefore  distributed  over  a much  smaller  area,  the  tem- 
perature at  any  given  point  of  the  flame  must  be  much  higher,  and  very  few  sub- 
stances are  capable  of  enduring  it  without  fusion.*  Lime  is  one  of  these  ; and 
if  a cylinder  of  lime  be  supported,  as  at  L (fig.  41),  in  the  focus  of  the  flame,  its 
particles  become  heated  to  incandescence,  and  a light  is  obtained  which  is  visible 
at  night  from  very  great  distances,  so  as  to  be  well  adapted  for  signalling  and 
.light-houses.  For  such  purposes  coal-gas  is  often 
used  instead  of  hydrogen  (oxy calcium  light). 

If  a shallow  cavity  be  scooped  in  a lump  of 
quicklime,  a few  scraps  of  platinum  placed  in  it, 
and  exposed  to  the  oxyhydrogen  flame  (fig.  42), 
a fused  globule  of  platinum  of  very  considerable 
size  may  be  obtained  in  a few  seconds.  By  em- 
ploying a little  furnace  made  of  lime,  Deville  has 
succeeded  in  fusing  platinum  in  quantities  suf- 
ficient to  cast  large  ingots,  a result  unattainable  by  any  other  furnace.  Pipeclay, 
which  resists  the  action  of  all  ordinary  furnace-heats,  may  be  fused  into  a glass 

* The  temperature  of  the  hydrogen  flame  in  air  is  about  2000°  C.,  while  in  oxygen  it  is 
over  2800°.  The  last  temperature  could  not  be  surpassed,  because  it  is  that  at  which 
steam  is  dissociated  or  resolved  into  its  elements,  which  re-combine  as  soon  as  the  tem- 
perature falls  below  that  point. 
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in  this  flame,  whilst  gold  and  silver  arc  instantaneously  melted,  and  vaporised 
into  a dense  smoke. 

37.  In  its  chemical  relations  to  other  elements,  hydrogen  is  diametri- 
cally opposed  to  oxygen.  Whereas  the  latter  combines  directly  with  the 
greater  number  of  the  elements,  hydrogen  will  enter  into  direct  com- 
bination with  very  few ; all  the  metals  form  compounds  with  oxygen, 
but  very  few  combinations  of  metals  with  hydrogen  have  been  obtained. 
Indeed,  in  its  relations  to  other  elements,  hydrogen  closely  resembles 
the  metals,  though  it  does  not  fall  within  the  definition  of  a metal  given 
above,  since  it  does  not  form  a base  with  oxygen,  and  its  combinations 
with  the  salt-radicals  (chlorine,  &c.)  are  acids,  and  not  salts,  as  is  the 

case  with  metals.  . . 

38.  Chemical  Relations  of  Water  to  other  Substances. — In  its  chemical 
relations  water  presents  this  very  remarkable  feature,  that,  altlioug  it 
is  an  indifferent  oxide,  its  combining  tendencies  extend  over  .a  wider 
range  than  those  of  any  other  compound.  Its  combinations  with  other 
substances  are  generally  called  hydrates.  Water  combmes  with  two  of 
the  elementary  substances,  viz.,  chlorine  and. bromine,  but  no  other 
element  is  even  dissolved  by  water  in  any  considerable  quantity.  One 
part  of  iodine  is  dissolved  by  500  parts  of  cold  water,  but  no  chemical 
combination  appears  to  take  place.  Oxygen,  hydrogen,  and  nitrogen 
are  dissolved  by  water  in  very  small  quantity,  but  become  only  mechani- 
cally diffused  through  it,  and  do  not  enter  into  chemical  combination. 

When  water  acts  upon  a compound  body,  it.  may  either  effect  a simple 
solution,  or  may  enter  into  chemical  combination  with  it. 

Simple  solution  appears  to  be  a purely  physical  phenomenon  not 
accompanied,  of  necessity,  by  any  chemical  action.  The  dissolved  sub- 
stance, in  such  cases,  is  otherwise  unchanged  in  properties,  and  theie  is 
no  manifestation  of  heat,  as  in  cases  of  chemical  combmation.  On  tlie 
contrary,  there  is  a reduction  of  temperature,  such  as  is  always  noticed 
in  the  merely  physical  change  from  the  solid  to  the  liquid  form  01 
example,  common  saltpetre  (nitre  or  nitrate  of  potash),  when  shakei 
with  water,  is  rapidly  dissolved,  the  water  becoming  sensibly  colder . If 
fresh  portions  of  saltpetre  be  added  till  the  water  is  unable  to  dissolve 
any  more,  it  will  be  found  that  1000  grs.  of  water  (at  60  I -)  have 
dissolved  about  300  grs.  of  saltpetre.  Such  a solution  would  be  called 
a cold  saturated  solution  of  saltpetre.  If  the  solution  be  set  asic  e m an 

open  vessel,  the  water  will  slowly  pass  off  m 
vapour,  and  the  saltpetre  will  be  gradually 
deposited,  its  particles  . arranging  themselves 
in  the  regular  geometrical  shape  of  the  six- 
sided  prism,  which  is  its  common  crystalline 
form.  The  crystals  of  saltpetre  do  not  con- 
tain any  water : they  are  anhydrous. 

If  saltpetre  be  added  to  boiling  water  (111  a 
porcelain  evaporating  dish,  fig-  43  )>  and  starre 
with  a glass  rod)  until  the  water  refuses  to 
dissolve  any  more,  1000  grs.  of  water  will  be 
found  to  have  dissolved  about  2000  grs. , tins 
would  be  called  a hot  saturated  solution. 

Fig-  43-  As  a general  rule,  solids  are  dissolved  more 

quickly  and  in  larger  quantity  by  hot  water  than  by  cold. 
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One  of  the  commonest  methods  of  crystallising  a solid  substance  con- 
sists in  dissolving  it  in  hot  water  and  allowing  the  solution  to  cool  slowly. 
The  more  slowly  it  cools,  the  larger  and  more  symmetrical  are  the  crystals. 

A hot  saturated  solution  is  not  generally  the  best  for  crystallising, 
because  it  deposits  the  dissolved  body  too  rapidly.  Thus  the  hot 
solution  of  saltpetre  prepared  as  above  would  solidify  to  a mass  of 
minute  crystals  on  cooling;  but  if  1000  grs.  of  saltpetre  be  dissolved  in 
4 measured  ounces  of  boiling  water,  it  will  form  crystals  of  2 or  3 inches 
long  when  slowly  cooled  (in  a covered  vessel).  If  the  solution  be  stirred 
while  cooling,  the  crystals  will  be  very  minute,  having  the  appearance 
of  a white  powder. 

Some  solids,  however,  refuse  to  crystallise,  even  from  a hot  saturated 

solution,  if  it  be  kept  absolutely  undisturbed. 

Sodium  sulphate  affords  a good  example  of  this.  If  the  crystallised  sulphate 
be  added  to  boiling  water  in  a flask,  as  long  as  it  is  dissolved,  the  water  will  take 
into  solution  more  than  twice  its  weight  of  the  salt,  yielding  a solution  which 
boils  at  220°  F.  If  this  solution  be  allowed  to  cool  in  the  open  flask,  an  abun- 
dant crystallisation  will  take  place,  for  cold  water  will  dissolve  only  about  one- 
third  of  its  weight  of  crystallised  sulphate.  But  if  the  flask  (which  should  be 
globular)  be  tightly  corked  whilst  the  solution  is  boiling,  it  may  be  kept  for 
several  days  without  crystallising,  although  moved  about  from  one  place  to 
another.  In  this  condition  the  solution  is  said  to  be  supersaturated.  On  with- 
drawing the  cork,  the  air  entering  the  partly  vacuous  space  above  the  liquid  will 
be  seen  to  disturb  the  surface  slightly,  and  from  that  point  beautiful  prismatic 
crystals  will  shoot  through  the  liquid  until  the  whole  has  become  a nearly  solid 
mass.  A considerable  elevation  of  temperature  is  observed,  consequent  upon  the 
passage  from  the  liquid  to  the  solid  form.  If  the  solution  of  sodium  sulphate  be 
somewhat  weaker,  containing  exactly  two-thirds  of  its  weight  of  the  crystals,  it 
may  be  cooled  without  crystallising,  even  in  vessels  covered  with  glass  plates, 
but  a touch  with  a glass  rod  will  start  the  crystallisation  immediately. 

The  crystallisation  of  a super-saturated  solution  is  provoked  by  contact  with  a 
crystal  of  the  salt  itself.  Minute  crystals  of  sodium  sulphate  are  present  in  the 
floating  dust  of  the  air,  and  cause  the  crystallisation  when  they  fall  into  the 
super-saturated  solution.  A perfectly  clean  glass  rod  may  be  dipped  into  the 
liquid  without  causing  crystallisation,  but  a rod  which  has  been  exposed  to  air 
will  have  some  particles  of  sodium  sulphate  on  it,  and  will  start  crystallisation  ; 
if  the  rod  be  heated  so  as  to  render  the  sodium  sulphate  from  the  dust  anhy- 
drous, it  will  no  longer  cause  crystallisation  unless  it  be  drawn  through  the 
hand.  Air  filtered  through  cotton  wool  does  not  cause  super-saturated  solutions 
to  crystallise.  If  the  solution  of  sodium  sulphate  containing  two-thirds  of  its 
weight  of  the  crystals  be  allowed  to  cool  in  a flask  closed  by  a cork  furnished 
with  two  tubes  plugged  with  cotton  wool,  it  will  be  found  that,  on  withdrawing 
the  plugs  and  blowing  through  one  of  the  tubes  dipping  into  the  solution,  crys- 
tallisation does  not  take  place,  but  if  air  be  blown  by  a pair  of  bellows  into  the 
same  solution  it  will  crystallise  at  once. 

Sodium  hyposulphite  (thiosulphate)  and  sodium  acetate  yield  super-saturated 
solutions  which  are  less  likely  to  be  crystallised  by  dust  than  the  sodium  sul- 
phate. If  a warm  super-saturated  solution  of  sodium  acetate  be  very  carefully 
poured  upon  a cold  super-saturated  solution  of  sodium  hyposulphite,  in  a narrow 
cylinder,  which  is  then  covered  and  allowed  to  cool,  a crystal  of  the  hyposulphite 
may  be  dropped  in  without  causing  crystallisation  till  it  reaches  the  lower  layer 
of  hyposulphite  solution  ; a crystal  of  sodium  acetate  may  then  be  dropped  in  to 
start  the  crystallisation  of  the  upper  layer. 

Super-saturated  solution  of  sodium  acetate  is  used  in  railway  foot-warmers, 
where  the  heat  evolved  in  the  crystallisation  renders  it  four  times  as  efficacious 
as  the  same  volume  of  hot  water. 

A most  beautiful  illustration  of  the  power  of  unfiltered  air  to  start  crystallisa- 
tion is  afforded  by  a solution  of  alum  which  has  been  saturated  at  194°  F.  (90°  C.)* 

* J.  M.  Thomson  recommends  a solution  of  alum  in  half  its  weight  of  water  for  this 
experiment. 
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and  allowed  to  cool  in  a flask,  the  mouth  of  which  is  closed  by  a plug  of  cotton 
wool.  In  this  state  it  may  be  kept  for  weeks  without  crystallising,  but  on  with- 
drawing the  plug,  crystallisation  will  be  seen  to  commence  at  a few  points  on 
the  surface  immediately  under  the  opening  of  the  neck,  and  will  spread  slowly 
from  these,  octahedral  crystals  of  alum  of  half  an  inch  or  more  in  diameter  being 
built  up  in  a few  seconds,  the  temperature,  at  the  same  time,  rising  very  con- 
siderably. 

In  the  laboratory,  stirring  is  always  resorted  to  in  order  to  induce  crystallisa- 
tion, if  it  does  not  take  place  spontaneously.  Thus  it  is  usual  to  test  for  potas- 
sium in  a solution  by  adding  tartaric  acid,  which  should  cause  the  formation  of 
minute  crystals  of  liydro-potassium  tartrate  ( cream  of  tartar),  but  the  test  seldom 
succeeds  unless  the  solutions  are  briskly  stirred  together  with  a glass  rod.  An 
amusing  illustration  of  this  is  afforded  by  pouring  a solution  of  tartaric  acid  into 
a solution  of  saltpetre,  and  allowing  the  clear  mixture  to  run  over  a large  plate  of 
glass.  Letters  traced  on  the  glass  with  the  finger  will  now  be  rendered  visible 
by  the  deposition  of  the  crystals  of  the  tartrate  upon  the  glass. 

39.  The  crystals  of  sodium  sulphate  produced  in  the  above  experi- 
ments contain,  in  a state  of  combination  with  the  salt,  more  than  half 
their  weight  of  water.  Their  composition  is — 

Anhydrous  sodium  sulphate  (Na.SOJ  142  parts,  or  one  molecule 
Water 180  ,,  or  ten  molecules 

as  expressed  by  the  formula  Ha-2S04.ioH30.  If  some  of  the  crystals  be 
pressed  between  blotting-paper  to  remove  adhering  water,  and  left 
exposed  to  the  air,  they  will  gradually  effloresce,  or  become  covered  with 
a white  opaque  powder.  This  powder  is  the  anhydrous  sodium  sulphate 
into  which  the  entire  crystals  would  ultimately  become  converted  by 
exposure  to  air.  Since  most  crystals  containing  water  have  their 
crystalline  form  destroyed  or  modified  by  the  loss  of  the  water,  it  is 
commonly  spoken  of  as  water  of  crystallisation. 

Coloured  salts,  containing  water  of  crystallisation,  generally  change 
colour  when  the  water  is  removed.  The  sulphate  of  copper  ( blue,  stone) 
affords  an  excellent  example  of  this.  The  beautiful  blue  prismatic 
crystals  of  this  salt  contain — 

Anhydrous  sulphate  of  copper  (CuS04)  159-5  Pai'ts>  or  one  molecule 
Water  . . . ..  • .90  ,,  or  five  molecules 

as  expressed  by  the  formula  CuS04.5H,0. 

When  these  are  exposed  to  the  air  at  the  ordinary  temperature  they 
remain  unchanged  j but  if  heated  to  the  boiling  point  of  watei  they 
become  opaque,  and  may  be  easily  crumbled  down  to  a nearly  white 
powder.  This  powder  contains — 

Anhydrous  sulphate  of  copper  (CuS04)  1 59-5  parts,  or  one  molecule 
Water  18  „ or  one  molecule 

and  would  therefore  be  represented  by  CuS04.II,0.  The  four  molecules 
of  water,  which  have  been  expelled,  constituted  the  water  of  crystalli- 
sation, upon  which  the  form  and  colour  of  the  sulphate  of  copper  depend. 
If  the  white  powder  be  moistened  with  water,  combination  takes  place, 
with  great  evolution  of  heat,  and  the  blue  colour  is  reproduced  The 
one  molecule  of  water  which  still  remains  is  not  expelled  until  the  salt 
is  heated  to  390°  F.  (1990  C.),  proving  that  it  is  held  to  the  sulphate  ot 
copper  by  a more  powerful  chemical  attraction.  On  this  account  it  is 
spoken  of  as  water  of  constitution , and,  in  order  that  the  formula  o ie 
salt  may  exhibit  the  difference  between  the  water  of  constitution  and  ot 
crystallisation,  it  is  usually  written  Cufe04.ll20.4-4q. 

* Aqua , water. 
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(Definition. — Water  of  crystallisation  of  salts  is  that  which  is  gene- 
rally expelled  at  21 2°  F.  (ioo°  0.),  and  is  connected  with  the  form  and 
colour  of  the  crystals.  Water  of  constitution  is  not  generally  expelled 
at  2120  F.,  and  is  in  more  intimate  connexion  with  the  chemical  pro- 
perties of  the  salt.) 

Several  of  the  so-called  sympathetic  inks  employed  for  writings  which 
are  invisible  until  heated,  depend  upon  the  change  of  colour  which  results 
from  the  loss  of  water  of  crystallisation.  Characters  written  with  a weak 
solution  of  chloride  of  cobalt  and  allowed  to  dry,  are  very  nearly  in- 
visible, since  the  pink  colour  of  so  small  a quantity  of  the  salt  is  scarcely 
noticed ; but  on  warming  the  paper,  the  pink  hydrated  chloride  of  cobalt 
(CoCl,.6Aq)  loses  water  of  crystallisation,  and  the  blue  chloride  with  one 
molecule  of  water  is  produced.  On  exposure  to  air  this  again  absorbs 
water,  and  the  writing  fades  away. 

Some  salts  have  so  great  a tendency  to  combine  with  water  that  they 
become  moist  or  deliquesce  when  exposed  to  air.  This  deliquescence  is 
exhibited  in  a marked  degree  by  chloride  of  calcium,  and  its  great  attrac- 
tion for  water  is  turned  to  advantage  in  drying  air  and  other  gases  by 
passing  them  through  tubes  filled  with  the  salt. 

Nearly  all  salts  appear  to  combine  with  water  at  very  low  tempera- 
tures ; such  compounds,  which  are  decomposed  at  temperatures  above 
o°  C.,  have  been  termed  cryo-hydrates  ( upvos , frost).  Common  salt 
combines  with  ice  to  form  the  cryo-hydrate  NaCl.ioAq,  which  remains 
liquid  down  to  — 20°  C.  Hence  arises  the  use  of  crushed  ice  and  salt 
as  a freezing  mixture,  for  just  as  ice  alone,  in  melting,  lowers  the  tem- 
perature to  o°  C , the  melting  point  of  ice,  so  the  compound  of  ice  and 
NaCl,  in  melting,  lowers  the  temperature  to  about  — 20°  C.,  the  melt- 
ting  point  of  the  cryo-hydrate. 

40.  Most  bases  are  capable  of  combining  with  water  to  form  hydrates, 
as  exemplified  in  the  slaking  of  lime.  Anhydrous  lime  or  quick-lime 
(CaO),  when  wetted  with  water,  combines  with  it,  evolving  much  heat, 
and  crumbling  to  a loose  bulky  powder,  which  is  hydrate  of  lime  or  slaked 
lime  (Ca0.Ho0)-  At  a red  heat  the  water  is  expelled,  and  anhydrous 
lime  remains. 

41.  According  to  modern  views,  based  upon  the  fact  that  several 
hydrates  do  not  yield  water  when  heated,  the  hydrate  of  a metal  is  de- 
fined as  a compound  formed  by  the  replacement  of  a part  of  the  hydrogen 
in  water  by  a metal ; thus  potassium  hydrate  KHO  is  formed  from  water 
H,0  by  the  replacement  of  H by  K ; calcium  hydrate  Ca(H0)2  is  formed 
from  two  molecules  of  water  (IT.,0)2  by  the  replacement  of  H2  by 
(diatomic)  calcium.  The  imaginary  group  HO,  hydroxyle,  would  then 
be  the  radical  of  the  hydrates,  which  are  often  termed  hydroxides. 

42.  Water  from  Natural  Sources. — Pure  water  is  not  found  in 
nature.  Rain  is  the  purest  form  of  natural  water,  but  contains  certain 
gases  which  it  collects  from  the  atmosphere  during  its  fall.  As  soon  as 
it  reaches  the  earth  it  begins  to  dissolve  small  portions  of  the  various 
solid  materials  with  which  it  comes  in  contact,  and  thus  becomes  charged 
with  salts  and  other  substances  to  an  extent  varying,  of  course,  with  the 
nature  of  the  soils  and  rocks  which  it  has  touched,  and  attaining  its 
highest  point  in  sea  water,  which  contains  a larger  proportion  of  saline 
matters  than  water  from  any  other  natural  source. 

If  a quantity  of  rain,  spring,  river,  or  sea  water  be  boiled  in  a flask 
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furnished  with  a tube  also  filled  with  the  water,  and  passing  under  a gas 
cylinder  standing  in  a trough  of  the  same  water  (fig.  44),  it  will  be  found 
to  give  off  a quantity  of  gas  which  was  previously  held  in  solution  by 
the  water,  and  is  now  set  free  because  gases  are  less  soluble  in  hot  than  in 
cold  water . The  quantity  of  this  gas  will  vary  according  to  the  source  of 

the  water,  but  it  will  always 
be  found  to  contain  the  gases 
existing  in  atmospheric  air, 
viz.,  nitrogen,  oxygen,  and 
carbonic  acid  gas.  One  gallon 
of  rain  water  will  generally 
furnish  about  4 cubic  inches 
of  nitrogen,  2 cubic  inches  of 
oxygen,  and  1 cubic  inch  of 
carbonic  acid  gas.  It  is  worthy 
of  remark,  that  the  nitrogen 
and  oxygen  have  been  dis- 
solved by  the  water,  not  in 
the  proportions  in  which  they 
exist  in  the  atmosphere,  but 
in  the  proportions  in  which 


Fig.  44. 


they  ought  to  be  dissolved,  if  it  be  true  that  they  exist  in  the  air  in  the 
condition  of  mere  mechanical  admixture.  The  oxygen  thus  carried 
down  from  the  air  by  rain  appears  to  be  serviceable  in  maintaining  the 
respiration  of  aquatic  animals,  and  in  conferring  upon  river  waters  a 
self-purifying  power,  by  acting  upon  certain  organic  matters  which 
would  probably  prove  hurtful  to  animals,  and  converting  them  into 
harmless  products  of  oxidation.  In  the  cases  of  rivers  contaminated 
with  the  sewage  of  towns,  this  action  of  the  dissolved  oxygen  is  probably 
of  great  importance.  The  carbonic  acid  dissolved  in  rain  watei  also 
probably  serves  some  useful  purposes  in  the  chemical  economy  of  nature. 
(See  Carbonic  Acid.) 

The  co-efficient  of  solubility  of  a gas  expresses  the  volume  of  gas  absorbed  by  one 
volume  of  water.  The  numbers  .02989  and  .01478  respectively  represent  the 
volumes  of  oxygen  and  nitrogen  absorbed  by  one  volume  of  water,  when  exposed 
to  the  action  of  either  gas,  in  a pure  state,  at  590  F.  (15  C.).  When  a mixture  of 
gases  is  brought  into  contact  with  water,  the  proportions  in  which  the  ga^es  are 
absorbed  can  be  ascertained  by  multiplying  the  co-efficient  of  solubility  of  each 
o-as  into  its  proportion  by  volume  in  the  mixture.  Thus,  when  water  is  exposed 
to  air,  containing  4 volume  of  oxygen  and  4 volume  of  nitrogen,  the  quantities 
dissolved  by  one  volume  of  water  are,  ( _ 00rQy 

» : : : : : : 1 * *3>8  = 

or  almost  exactly  two  volumes  of  N to  one  volume  ot  O. 

4?  The  waters  of  wells,  springs,  and  rivers,  and  especially  those  ot 
the  two  first-named  sources,  differ  very  much  from  each  other,  according 
to  the  nature  of  the  layers  of  rock  or  earth  over  or  through  which  they 
have  passed,  and  from  which  they  dissolve  a great  variety  of  substances 
some  of  which  are  familiar  to  us  in  daily  life,  while  others  are  only  met 
with  in  chemical  collections.  Under  the  former  head  may  be  enumerated 
Glauber’s  salt  (sodium  sulphate),  common  salt  (sodium  chloride),  Epsom 
salt  (magnesium  sulphate),  gypsum  (calcium  sulphate),  chalk  (calcium 
carbonate),  common  magnesia  (magnesium  carbonate),  carbonic  acid,  an 

silica. 
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Among  the  substances  known  only  to  the  chemist  may  be  mentioned 
sulphuretted  hydrogen,  potassium  sulphate,  potassium  chloride,  calcium 
chloride,  magnesium  chloride,  phosphates,  bromides  and  iodides  of  calcium 
and  magnesium  (rarely),  aluminium  sulphate,  carbonate  of  iron  (ferrous 
carbonate),  and  certain  vegetable  substances.* 

The  well  waters  of  certain  localities  (as,  for  example,  those  of  large 
towns)  also  frequently  contain  salts  of  nitric  and  nitrous  acids,  and  of 
ammonia. 

The  waters  of  springs  and  rivers  do  not  differ  very  materially  from 
well  waters  as  to  the  nature  of  the  substances  which  they  contain,  though, 
in  the  case  of  river  waters  more  particularly,  the  quantity  of  these  sub- 
stances is  materially  influenced  by  the  conditions  of  rapid  motion  and 
exposure  to  air  under  which  such  waters  are  placed. 

Household  experience  has  established  a classification  of  the  waters 
from  natural  sources  into  soft  and  hard  waters — a division  which  depends 
chiefly  upon  the  manner  in  which  they  act  upon  soap.  If  a piece  of 
soap  be  gently  rubbed  in  soft  water  (rain  water,  for  example)  it  speedily 
furnishes  a froth  or  lather,  and  its  cleansing  powers  can  be  readily 
brought  into  action ; but  if  a hard  water  (spring  water)  be  substituted 
for  rain  water,  the  soap  must  be  rubbed  for  a much  longer  time  before 
a lather  can  be  produced,  or  its  effect  in  cleansing  rendered  evident ; a 
number  of  white  curdy  flakes  also  make  their  appearance  in  the  hard 
water,  which  were  not  seen  when  soft  water  was  used.  The  explanation 
of  this  difference  is  a purely  chemical  one. 

Soap  is  formed  by  the  combination  of  a fatty  acid  with  an  alkali ; it  is 
manufactured  by  boiling  oil  or  fat  with  potash  or  soda,  the  former  for 
soft,  the  latter  for  hard  soaps.  In  the  preparation  of  ordinary  hard  soap, 
the  soda  takes  from  the  oil  or  fat  two  acids, — stearic  and  oleic  acid, — 
which  exist  in  abundance  in  most  varieties  of  fat,  and  unites  with  them 
to  form  soap,  which  in  chemical  language  would  be  spoken  of  as  a mix- 
ture of  stearate  and  oleate  of  sodium. 

If  soap  be  rubbed  in  soft  water  until  a little  of  it  has  dissolved,  and 
some  Epsom  salts  (magnesium  sulphate)  be  dissolved  in  water,  and 
poured  into  the  soap  water,  curdy  flakes  will  be  produced,  as  when  soap 
is  rubbed  in  hard  water,  and  the  soap  water  will  lose  its  property  of 
frothing  when  stirred ; the  magnesium  sulphate  has  decomposed  the 
soap,  forming  sodium  sulphate,  which  remains  dissolved  in  the  water, 
and  insoluble  curdy  flakes,  which  consist  of  stearate  and  oleate  of 
magnesium. 

Similar  to  the  effect  of  the  magnesium  sulphate  is  that  of  hard  waters; 
their  hardness  is  attributable  to  the  presence  of  the  different  salts  of 
calcium  and  magnesium,  all  of  which  decompose  the  soap  in  the  manner 
exemplified  above ; the  peculiar  properties  of  the  soap  in  forming  a 
lather  and  dissolving  grease  can  therefore  be  manifested  only  when  a 
sufficient  quantity  has  been  employed  to  decompose  the  whole  of  the 
salts  of  calcium  and  magnesium  contained  in  the  quantity  of  water 
operated  on,  and  thus  a considerable  amount  of  soap  must  be  rendered 
useless  when  hard  water  is  employed. 

On  examining  the  interior  of  a kettle  in  which  spring,  well,  or  river 

9 Although  it  is  certainly  known  that  the  acids  and  bases  capable  of  forming  the  salts 
hci-e  enumerated  may  be  detected  in  spring  and  river  waters,  their  exact  distribution 
amongst  each  other  is  still  a matter  of  uncertainty. 
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water  has  been  boiled,  it  will  be  found  to  be  coated  more  or  less  thickly 
with  a fuv  or  incrustation,  generally  of  a brown  colour,  and  the  hardei 
the  water  the  more  speedily  will  this  incrustation  be  deposited.  . A 
chemical  examination  shows  this  deposit  to  consist  chiefly  of  calcium 
carbonate  in  the  form  of  minute  crystals,  which  may  be  discovered  by 
the  microscope ; it  usually  contains,  in  addition,  some  magnesium  car- 
bonate, calcium  sulphate,  and  small  quantities  of  oxide  of  iron  (rust) 
and  vegetable  matter,  the  last  two  substances  imparting  its  brown 
colour. ' In  order  to  explain  the  formation  of  this  deposit,  it  is  neces- 
sary to  become  acquainted  with  the  particular  condition  in  which  the 
calcium  carbonate  exists  in  natural  waters  ; it  is  hardly  dissolved  to  any 
perceptible  extent  by  pure  water,  though  it  may  be  dissolved  in  con- 
siderable quantity  by  carbonic  acid.  This  statement,  which  is  of.  great 
importance  in  connexion  with  natural  waters,  may  be  verified  in  the 
following  manner  : a little  slaked  lime  is  well  shaken  up  111  a bottle 
of  distilled  or  rain  water,  which  is  afterwards  set  aside  for  an  hour  01 
two;  as  soon  as  that  portion  of  the  lime  which  has  not  been  dissolved 
has  subsided,  the  clear  portion  is  carefully  poured  into  a glass,  and  a 
little  soda  water  or  solution  of  carbonic  acid  in  water  is  added  to  it ; 
the  first  addition  of  the  carbonic  acid  to  the  lime  water  causes  a milki- 
ness  due  to  the  formation  of  minute  particles  of  calcium  carbonate  , 
this  being  insoluble  in  the  water,  separates  from  it,  or  preci^ntates  and 
impairs  the  transparency  of  the  liquid  ; a further  addition  of  carbonic 
acid  water  renders  the  liquid  again  transparent,  for  the  carbonic  acicl 
dissolves  the  calcium  carbonate  which  has  separated. 

If  this  clear  solution  be  introduced  into  a flask,  and  boiled  over  the 
spirit-lamp  or  gas-flame,  it  will  again  become  turbid,  for  the  free  car- 
bonic acid  will  be  expelled  by  the  heat,  and  the  calcium  carbonate  will 
be  deposited,  not  now,  however,  in  so  fine  a powder  as  before,  but  in 
small  hard  grains,  which  have  a tendency  to  fix  themselves  firmly  upon 
the  sides  of  the  flask,  and,  when  examined  by  the  microscope,  are  seen 

to  consist  of  small  crystals.  , • 

In  a similar  manner,  whefi  natural  waters  are  boiled,  the  carbonic 

acid  gas  which  they  contain  is  expelled,  and  the  carbonates  of  calcium, 
magnesium,  and  iron  are  precipitated,  since  they  are  insoluble  111  water 
which  does  not  contain  carbonic  acid.  But,  by  the  ebullition  of 
water,  a portion  of  it  has  been  dissipated  in  vapour,  and  if  there  be 
much  calcium  sulphate  present,  the  quantity  of  water  left  may  not  be 
sufficient  to  retain  the  whole  of  the  salt  m solution;  calcium . sulphate 
requires  about  500  parts  of  cold  water  to  dissolve  it,  and  is  near  y 
insoluble  in  water  having  a higher  temperature  than  21  F as  woffid 
be  the  case  in  boilers  worked  under  pressure,  so  that  it  would  leadilj 
be  deposited.  It  contributes  much  to  the  formation  of  compart  incrus- 
tations. Should  the  water  contain  much  vegetable  matter  thmB  riten 
deposited  in  an  insoluble  condition,  the  whole  eventually  foimn  b 
gether  a hard  compact  mass,  composed  of  successive  thin  layers  cm  the 
bottom  and  sides  of  the  vessel  in  which  the  water  has  been  boiled.  The 
" furnng”  of  a kettle  is  objectionable,  chiefly  m oanje™^^ 
retarding  the  ebullition  of  the  water,  since  the  deposit  ^ a ^eiy  bad 
conductor  of  heat,  and  therefore  impedes  the  transmission  of  heatfm 
the  fire  to  the  water;  hence  the  common  practice  of  intioducing  c 
round  stone  or  marble  into  the  kettle,  in  order,  by  its  perpetual  iollmc, 
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to  prevent  the  particles  of  calcium  carbonate  from  forming  a compact 
layer.  In  steam  boilers,  however,  even  more  serious  inconvenience 
than  loss  of  time  sometimes  arises  if  this  deposit  be  allowed  to  accumu- 
late, and  to  form  a thick  layer  of  badly  conducting  material  on  the 
bottom  of  the  boiler,  since  the  latter  is  then  liable  to  become  red  hot, 
and  should  the  incrustation  happen  to  crack,  and  allow  the  water  to 
reach  the  red  hot  metal,  so  violent  a disengagement  of  steam  follows, 
that  boilers  have  been  known  to  burst  under  the  sudden  pressure. 
But  even  though  this  calamity  be  escaped,  the  wear  and  tear  of  the 
boiler  is  very  much  increased  in  consequence  of  the  formation  of  this 
deposit,  since  its  hardness  often  renders  it  necessary  to  detach  it  with 
the  hammer,  much  to  the  injury  of  the  iron  boiler-plates,  which  are 
also  subject  to  increased  oxidation  and  corrosion  in  consequence  of  the 
high  temperature  which  the  incrustation  permits  them  to  attain  bv 
preventing  their  contact  with  the  water.  Many  pi'opositions  have  been 
brought  forward  for  the  prevention  of  these  incrustations ; some  sub- 
stances have  been  used,  of  which  the  action  appears  to  be  purely 
mechanical,  in  preventing  the  aggregation  of  the  deposited  particles. 
Clay,  sawdust,  and  other  matters  have  been  employed  with  this  view ; 
but  the  action  of  sal  ammoniac  (ammonium  chloride),  which  has  also 
been  found  efficacious,  must  be  explained  upon  purely  chemical  prin- 
ciples. When  this  salt  is  boiled  with  calcium  carbonate,  mutual  decom- 
position ensues,  resulting  in  the  production  of  calcium  chloride  and 
ammonium  carbonate,  of  which  salts  the  former  is  very  soluble  in  water, 
while  the  latter  passes  off  in  vapour  with  the  steam.  The  ammonium 
chloride,  however,  corrodes  the  metal  of  the  boiler.  Solutions  of  the 
caustic  alkalies,  of  alkaline  carbonates,  arsenites,  tannates,  &c.,  are  also 
occasionally  employed  to  prevent  the  formation  of  incrustations  in 
boilers,  and  probably  act  by  precipitating  calcium  carbonate  and  other 
calcium  compounds  which  act  as  nuclei,  around  which  the  fur  collects 
as  a loose  deposit  or  mud. 

The  deposit  formed  in  boilers  fed  with  sea  water  consists  chiefly  of 
calcium  sulphate  and  magnesium  hydrate,  the  latter  resulting  from  the 
decomposition  of  the  magnesium  chloride  present  in  sea  water. 

The  incrustations  formed  in  cisterns  and  pipes  by  hard  water  are  also 
produced  by  the  carbonates  of  calcium  and  magnesium  deposited  in 
consequence  of  the  escape  of  the  free  carbonic  acid  which  held  them 
in  solution.  Many  interesting  natural  phenomena  may  be  explained 
upon  the  same  principle.  The  so-called  petrifying  springs,  in  many 
cases,  owe  their  remarkable  properties  to  the  considerable  quantity  of 
calcium  carbonate  dissolved  in  cai'bonic  acid  which  they  contain ; when 
any  object,  a basket,  for  example,  is  repeatedly  exposed  to  the  action 
of  these  waters,  it  becomes  coated  with  a compact  layer  of  the  carbonate, 
and  thus  appears  to  have  suffered  conversion  into  limestone.  The 
celebrated  waters  of  the  Sprudel  at  Carlsbad,  of  San-Filippo  in  Tus- 
cany, and  of  Saint  Allyre  in  Auvergne  are  the  best  instances  of  this 
kind. 

The  stalactites  and  stalagmites ,*  which  are  formed  in  many  caverns 
or  natural  grottoes  (fig.  45),  afford  beautiful  examples  of  the  gradual 
separation  of  calcium  carbonate  from  water  charged  with  carbonic  acid. 


9 F l'om  oraAafw,  to  drop  ; oraAay^a,  a drop. 
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Each  drop  of  water,  as  it  trickles  through  the  roof  of  the  cavern, 
becomes  surrounded  with  a shell  of  calcium  carbonate,  the  length  of 

which  is  prolonged  by 
each  drop  as  it  falls,  till 
a stalactite  is  formed, 
varying  in  colour  accord- 
ing to  the  nature  of  the 
substances  which  are 
separated  from  the  water 
together  with  the  carbon- 
ate (such  as  the  oxides 
of  iron  and  vegetable 
matter) ; and  as  each 
drop  falls  from  the  point 
of  the  stalactite  upon  the 
floor  of  the  cavern,  it 
deposits  there  another 
shell,  which  grows,  like 
the  upper  one,  but  in  the 
opposite  direction,  and 
Rig.  45.— Stalactite  cavern.  forms  a stalagmite,  thus 

adorning  the  grotto  with  conical  pillars  of  calcium  carbonate,  sometimes, 
as  in  the  case  of  the  oriented  alabaster , variegated  with  red  and  yellow, 

and  applicable  to  ornamental  purposes. 

When  water  which  has  been  boiled  for  some  time  is  compared  with 
unboiled  water  from  the  same  source,  it  will  be  found  to  have  become 
much  softer,  and  this  can  now  be  easily  explained,  for,  a considerable 
•portion  of  the  salts  of  calcium  and  magnesium  having  separated  from  the 
water,  the  latter  is  not  capable  of  decomposing  so  large  a quantity  of  soap. 
The  amount  of  hardness  which  is  thus  destroyed  by  boiling  is  genera  y 
spoken  of  as  temporary  hardness,  to  distinguish  it  from  the  permanent 
hardness  due  to  the  soluble  salts  of  calcium  and  magnesium  u Inch  sti 
remain  in  the  boiled  water.  • It  is  customary  with  analytical  chemists, 
in  reporting  upon  the  quality  of  natural  waters,  to  express  the  hardness 
by  a certain  number  of  degrees  which  indicate  the  number  of  giains  o 
chalk  or  carbonate  of  calcium  which  would  be  dissolved  m a gallon  of 
water  containing  carbonic  acid,  in  order  to  render  its  hardness  equal  to 
that  of  the  water  examined,  that  is,  to  render  it  capable  of  decompos  ^ 
an  equal  quantity  of  soap.  Thus,  when  a water  is  spoken  of  as  having 
16  degrees  of  hardness,  it  is  implied  that  16  grs.  of  calcium  carbonate 
dissolved  in  a gallon  of  water  containing  carbonic  acid,  would  rendei 
that  gallon  of  water  capable  of  decomposing  as  much  soap  as  a gallon  of 

the  water  under  consideration.  , , ■. 

The  utility  of  a water  for  household  purposes  must  be  estimated  there- 
fore not  merely  according  to  the  total  number  of  degrees  of  hardness 
which  it  exhibits,  but  also  by  the  proportion  of  that  hardness  whmh  ma^ 
be  regarded  as  temporary,  that  is,  which  disappears  when  the  water  is 

boiled.  Thus,  the  total  hardness  of  the  New  River  water  tC 

nearly  iq  decrees,  that  of  the  Grand  Junction  Company  to  14  debiee_s, 
and  yet  these  waters  are  quite  applicable  to  household  uses,  since  ^theu 

hardness  is  reduced  by  boiling  to  about  5 clegiee  . ' . £ 

tained  that  every  degree  of  hardness  111  water  gives  use  to  a waste  of 
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about  10  grs.  of  soap  for  every  gallon  of  water  employed,  and  hence  the 
use  of  100  gallons  of  Thames  or  ISTew  River  water  in  washing  will  be 
attended  with  the  loss  of  about  2 lbs.  of  soap ; this  loss  is  reduced,  how- 
ever, to  about  one-third  when  the  temporary  hardness  has  been  destroyed 
by  boiling.  The  addition  of  washing  soda  (sodium  carbonate)  removes 
not  only  the  temporary,  but  also  the  permanent  hardness  due  to  the 
presence  of  the  sulphates  of  calcium  and  magnesium  in  the  water, 
for  both  these  salts  are  decomposed  by  the  sodium  carbonate  which 
separates  the  calcium  and  magnesium  as  insoluble  carbonates,  while 
sodium  sulphate  remains  dissolved  in  the  water."  The  household 
practice  of  boiling  the  water,  and  adding  a little  washing  soda,  is 
therefore  very  efficacious  in  removing  the  hardness.  Clark  s process 
for  softening  waters  depends  upon  the  neutralisation  of  the  free 
carbonic  acid  contained  in  the  water  by  the  addition  of  a certain 
quantity  of  lime ; the  calcium  carbonate  so  produced  separates  together 
with  the  carbonates  of  calcium  and  magnesium,  which  were  previously 
retained  in  solution  by  the  free  carbonic  acid ; this  process,  therefore, 
affects  chiefly  the  temporary  hardness ; moreover,  the  earthy  carbonates 
which  are  separated  appear  to  remove  from  the  water  a portion  of  the 
organic  matter  which  it  contains,  and  thus  effect  a very  important 
purification.  The  water  under  treatment  is  mixed,  in  large  tanks, 
with  a due  proportion  of  lime  or  lime-water  (the  quantity  necessary 
having  been  determined  by  preliminary  experiment),  and  the  mixture 
allowed  to  settle  until  perfectly  clear,  when  it  is  drawn  off  into  reser- 
voirs.t A modern  improvement  in  the  process  ( Porter-Clark  process) 
consists  in  separating  the  deposit  by  a remarkably  expeditious  filtration, 
which  dispenses  with  much  of  the  tank-space  required  by  the  original 
process. 

Waters  which  are  turbid  from  the  presence  of  clay  in  a state  of 
suspension,  are  sometimes  purified  by  the  addition  of  a small  quantity  of 
alum  or  of  aluminium  sulphate,  when  the  alumina  is  precipitated  by  the 
calcium  carbonate,  and  carries  down  with  it  mechanically  the  suspended 
clay,  leaving  the  water  clear. 

The  organic  matter  contained  in  water  may  be  vegetable  matter  dis- 
solved from  the  earth  with  which  it  has  come  in  contact,  or  resulting 
from  the  decomposition  of  plants,  or  it  may  be  animal  matter  derived 
either  from  the  animalcules  and  fish  naturally  existing  in  it,  or  from 
the  sewage  of  towns,  and,  in  the  case  of  well  waters,  from  surface 
drainage. 

It  is  believed  upon  good  medical  authority,  that  cholera,  diarrhoea, 
and  typhoid  fever  are  propagated  by  certain  spores  or  germs , which  are 
present  in  the  evacuations  of  persons  suffering  from  those  maladies,  and 
are  conveyed  into  water  which  is  allowed  to  become  contaminated  by 
sewage. 

On  this  account,  much  attention  is  paid,  in  the  analysis  of  water 
intended  for  drinking,  to  the  detection  of  organic  matters  containing 
’nitrogen  (so-called  albuminoid  matters)  which  would  be  conveyed  into 
the  water  in  sewage.  The  analytical  operations  necessary  for  this  pur- 

* CaSO.,  + Na2C03  = Na2SO„  + CaC03 
Calcium  sulphate.  Sodium  carbonate.  Sodium  sulphate.  Calcium  carbonate, 
t Thames  ami  New  River  water  are  softened,  in  this  way,  to  3.5,  or  to  a lower  point 
than  by  an  hour’s  boiling. 
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pose  require  great  care  and  skill,  and  the  conclusions  to  be  drawn  from 
their  results  are  by  no  means  finally  agreed  upon  among  scientific 
chemists. 

There  are,  however,  certain  simple  tests,  which  may  often  determine  whether 
it  is  worth  while  to  undertake  a more  elaborate  examination  of  the  water. 

1 . Pour  half  a pint  of  the  water  into  a wide-mouthed  bottle  or  decanter,  close  it 
with  the  stopper  or  with  the  palm  of  the  hand,  and  shake  it  violently  up  and 
down.  If  an  offensive  odour  is  then  perceived,  the  water  is  probably  contaminated 
by  sewage-gas,  and  possibly  with  other  constituents  from  the  same  source. 

2.  Add  to  a little  of  the  water  a drop  or  two  of  dilute  sulphuric  acid,  and 
enough  potassium  permanganate  ( Concly’s  red  fluid  or  ozonised  water ) to  tinge  it  of 
a faint  rose  colour ; cover  the  vessel  with  a glass  plate  or  a saucer.  If  the  pink 
tinge  be  still  visible  after  the  lapse  of  a quarter  of  an  hour,  the  water  is  probably 
wholesome. 

3.  Pour  a little  solution  of  silver  nitrate  ( lunar  caustic)  into  a carefully  cleaned 
c/lass,  and  see  that  it  remains  transparent ; then  pour  in  some  of  the  water ; should 
a strong  milkiness  appear,  which  is  not  cleared  up  on  adding  a little  diluted  nitric 
acid,  the  water  probably  contains  much  sodium  chloride,  which  is  always  found 
in  sewage-water,  but  seldom  in  wholesome  waters  in  any  large  quantity,  unless 
near  the  sea-coast. 

To  render  an  impure  water  fit  to  drink,  a chemist  would  naturally  recommend 
distillation,  but  in  many  cases  this  is  impracticable,  and  the  consumer  may  protect 
himself  to  a great  extent  by  boiling  the  water,  or  by  filtering  it  through  charcoal 
or  spongy  iron,  or  by  applying  Clark’s  process,  or  treating  it  with  alum  (p.  51). 

44.  One  of  the  most  important  points  to  he  taken  into  account  in 
estimating  the  qualities  of  a water  is  its  action  upon  lead,  since  this 
metal  is  unfortunately  so  generally  employed  for  the  storage  and  trans- 
mission of  water,  and  cases  frequently  occur  in  which  the  health  has 
been  seriously  injured  by  repeated  small  doses  of  compounds  of  lead 
taken  in  water  which  has  been  kept  in  a leaden  cistern.  If  a piece  of 
bright  freshly  scraped  lead  be  exposed  to  the  air,  it  speedily  becomes 
tarnished  from  the  formation  of  a thin  film  of  the  oxide  of  lead,  pro- 
duced by  the  action  of  the  atmospheric  oxygen;  this  oxide  of  lead  is 
soluble  in  water  to  some  extent,  and  hence,  when  lead  is  kept  in  contact 
with  water,  the  oxygen  which  is  dissolved  in  it  acts  upon  the  metal, 
and  the  oxide  so  produced  is  dissolved  by  the  water ; but  fortunately, 
different  waters  act  with  very  different  degrees  of  rapidity  upon  the 
metal,  according  to  the  nature  of  the  substances  which  they  contain. 

The  film  of  oxide  which  forms  upon  the  surface  of  the  lead  is  insoluble, 
or  nearly  so,  in  water  containing  much  sulphate  or  carbonate  of  calcium, 
so  that  hard  waters  may  generally  be  kept  without  danger  in  leaden 
cisterns,  but  soft  waters,  and  those  which  contain  nitrites  or  nitrates, 
should  not  be  drunk  after  contact  with  lead.  Nearly  all  waters  which 
have  been  stored  in  leaden  cisterns  contain  a trace  of  the  metal,  and 
since  the  action  of  this  poison,  in  minute  doses,  upon  the  system  is  so 
Gradual  that  the  mischief  is  often  referred  to  other  causes,  it  is  much 
to  be  desired  that  lead  should  be  discarded  altogether  for  the  construc- 
tion of  cisterns.  (See  Lead.) 

To  detect  lead  in  a water,  fill  a glass  tumbler  with  it,  place  this  on  white  paper, 
add  a drop  or  two  of  diluted  nitric  acid,  and  some  hydrosulphuric  acid ; a dark 
brown  tinge  will  be  seen  on  looking  through  it  from  above. 

Mineral  waders,  as  they  are  popularly  called,  are  simply  spring  waters 
containing  so  large  a quantity  of  some  ingredient  as  to  have  a decided 
medicinal  action.  They  are  differently  named  according  to  the  nature 
of  their  predominating  constituent.  Thus,  a Chalybeate  water  contains 
a considerable  quantity  of  a salt  of  iron  (usually  ferrous  carbonate  dis- 
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solved  by  free  carbonic  acid) ; an  acidulous  water1  is  distinguished  by  a 
large  proportion  of  carbonic  acid,  and  is  well  exemplified  in  the  cele- 
brated Seltzer  water ; a sulphureous  or  hepatic  water  has  the  nauseous 
odour  due  to  the  presence  of  sulphuretted  hydrogen.  The  Harrogate 
water  is  eminently  sulphureous.  Saline  waters  are  such  as  contain  a 
large  quantity  of  some  salt ; thus  the  saline  springs  of  Cheltenham  are 
rich  in  common  salt  and  sodium  sulphate. 

The  chalybeate  waters,  which  are  by  no  means  uncommon,  become 
brown  when  exposed  to  the  air,  and  deposit  a rusty  sediment  which 
consists  of  the  ferric  hydrate,  formed  by  the  action  of  the  oxygen  of  the 
air  on  the  carbonate.  (See  Iron.) 

45.  Sea  water  contains  the  same  salts  as  are  found  in  waters  from 
other  natural  sources,  but  is  distinguished  by  the  very  large  proportion 
of  sodium  chloride  (common  salt).  A gallon  of  sea  water  contains 
usually  about  2500  grains  of  saline  matter,  of  which  1890  grains  consist 
of  common  salt.  The  circumstance  that  clothes  wetted  with  sea  water 
never  become  perfectly  dry  is  to  be  ascribed  chiefly  to  the  magnesium 
chloride  present  in  the  water,  which  is  distinguished  by  its  tendency  to 
deliquesce  or  become  damp  in  moist  air.  There  are  two  elements,  bro- 
mine and  iodine,  which  are  found  combined  with  metals  in  appreciable 
quantity  in  sea  water,  though  they  are  of  somewhat  rare  occurrence  in 
other  waters  derived  from  natural  sources. 

46.  By  distillation  pure  water  may  be  obtained  from  most  spring  and 
river  waters. 

(Definition. — Distillation  is  the  conversion  of  a liquid  into  a vapour, 
and  its  re-condensation  into  the  liquid  form  in  another  vessel.) 

Fig.  46  represents  the  ordinary  form  of  still  in  common  use,  in  which  A is  a 
copper  boiler  containing  the  water  to  be  distilled ; B the  head  of  the  still,  which 
lifts  out  at  b,  and  is 
connected  by  the 
neck  Cwith  the  worm 
D,  a tin  pipe  coiled 
round  in  the  tub  E, 
and  issuing  at  F. 

The  steam  from  the 
boiler,  passing  into 
the  worm,  is  con- 
densed to  the  liquid 
state,  being  cooled 
by  the  water  in  con- 
tact with  the  worm ; 
this  water,  becoming 
heated,  passes  off 
through  the  pipe  G, 
being  replaced  by 
cold  water,  which  is 
allowed  to  enter 
through  H.*  If  10 
gallons  of  river 
water  be  taken,  8A 
may  be  distilled 
over,  but  the  first 

half  gallon  should  be  collected  separately,  as  it  contains  ammonia  and  carbonic 
acid. 

Another  form  of  apparatus  for  distillation  of  water  and  other  liquids  is  shown 


* A rosette  gas-buruer  (K)  on  Bunsen’s  principle  is  very  convenient  for  a small  still  of 
this  description. 
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in  fig.  47.  A is  a stoppered  retort,  the  neck  of  which  fits  into  the  tube  of  a 
Liebig's  condenser  (B),  which  consists  of  a glass  tube  (C)  fitted  by  means  of  corks 
into  a glass,  copper,  or  tinned  iron  tube  D,  into  which  a stream  of  cold  water  is 
passed  by  the  funnel  E,  the  heated  water  running  out  through  the  upper  tube  F. 


The  water  furnished  by  the  condensation  of  the  steam  passes  through  the  quilled 
receiver  G,  into  the  flask  H.  Heat  is  gradually  applied  to  the  retort  by  a ring 
gas-burner. 

Many  special  precautions  are  requisite  in  order  to  obtain  absolutely 
pure  distilled  water  for  refined  experiments,  but  for  ordinary  purposes 
the  common  methods  of  distillation  yield  it  in  a sufficiently  pui  e 

condition.  . . 

The  saline  matters  present  in  the  water  are  of  course  left  behind  in 
the  still  or  retort.  Sea  water  is  now  frequently  distilled  on  board  ship 
when  fresh  water  is  scarce.  .The  vapid  and  disagreeable  taste  of  distilled 
water,  which  is  due  to  its  having  been  deprived  of  the  dissolved  air 
during  the  distillation,  is  remedied  by  the  use  of  Normandy's  still,  which 
provides  for  the  restoration  of  the  expelled  air. 

47.  The  physical  properties  of  water  are  too  well  known  to  require 
any  detailed  description.  Its  specific  gravity  in  the  liquid  state  is  = 1, 
being  taken  as  the  standard  to  which  the  specific  gravities  of  liquid  and 

solid  bodies  are  referred.  . . 

/TWntttox.— 1 The  specific  gravity  of  a liquid  or  solid  body  is  its 


Fig.  47. — Distillation— Liebig’s  condenser. 


of  ice.  The  breakage 
gelation  of  water  are 
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1 of  water  are  due  to  this  expansion.  Water  passes  oft  111 
at  all  temperatures,  the  amount  of  vapour  evolved  in  a given 
course  increasing  with  the  temperature.  The  boiling  point 


vapour  at  all  tempe: 
time  of  course  incr 
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of  water  is  2120  F.  (ioo°  C.).  Its  absolute  boiling  point  is  1076°  F. 
(580°  C.). 

(Definition. — The  boiling  point  of  a liquid  is  the  constant  tempera- 
ture indicated  by  a thermometer,  immersed  in  the  vapour  of  the  boiling- 
liquid,  in  the  presence  of  a coil  of  platinum  wire,  to  facilitate  disengage- 
ment of  vapour,  and  at  a pressure  of  30  in.  (762  mm.)  Bar.) 

The  absolute  boiling  point  of  a liquid  is  that  temperature  above 
which  it  cannot  exist  in  the  liquid  state,  whatever  the  pressure. 

At  and  above  21 2°  F.  at  the  ordinary  atmospheric  pressure  (30  in. 
Bar.),  water  is  an  invisible  vapour  of  specific  gravity  0.622  (air  =1). 
One  cubic  inch  of  water  at  6o°  F.  becomes  1696  cubic  inches  of  vapour 
at  2120  F. 

Since  the  specific  gravity  of  a gas  or  vapour  is  the  weight  of  one 
volume  (p.  19),  and  the  molecule  of  a compound  gas  occupies  two 
volumes,  the  specific  gravity  ofi  a compound  gas  or  vapour , referred  to 
hydrogen  as  the  standard,  is  the  half  of  its  molecular  weight. 

Thus  the  molecular  weight  of  steam  being  18,  its  specific  gravity 
(H=  1)  would  be  9. 

If  the  specific  gravity  in  relation  to  air  be  required,  it  may  be  obtained 
by  multiplying  half  the  molecular  weight  by  0.0692,  which  represents 
the  specific  gravity  of  hydrogen  referred  to  air  as  the  unit.  Thus  the 
specific  gravity  of  steam  (air  = 1)  is  9 x 0.0692  = .6228. 

48.  Peroxide  of  hydrogen  or  hydric  peroxide,  sometimes  called  hydroxyle 

(HO)„.  This  compound  is  seldom  met  with  in  nature,  and  has  no  very  important 
useful  application  in  the  arts,  but  it  possesses  very  great  interest  for  the  student 
of  chemical  philosophy,  because  it  helps  to  throw  some  light  upon  the  molecular 
constitution  of  the  elements. 

To  prepare  the  hydric  peroxide,  some  baryta  (BaO)  is  heated  in  a current  of 
oxygen,  when  it  becomes  converted  into  the  barium  dioxide  (BaO.,).  If  this  be 
powdered,  suspended  in  water,  and  gradually  added  to  water  through  which  is 
passing  a stream  of  carbonic  acid  gas,  the  water  becomes  charged  with  the  hydric 
peroxide ; Ba02  + H20  + CO.,  = BaC03  + H202.  The  barium  carbonate  is  allowed  to 
subside,  and  the  clear  solution  of  hydric  peroxide  poured  off. 

To  prepare  pure  hydric  peroxide,  some  barium  dioxide  (Ba02)  is  heated  to  the 
temperature  at  which  it  begins  to  evolve  oxygen,  and  dissolved  in  as  little  diluted 
nitric  acid  as  possible.  To  this  solution  one  of  barium  hydrate  (baryta  water)  is 
added ; the  precipitate,  Ba02.8H.,0,  is  washed  by  decantation,  and  gradually  added 
to  diluted  sulphuric  acid  (1  acid  to  6 water,  by  weight),  care  being  taken  to  leave 
the  liquid  very  slightly  acid,  Ba02  + H2S04==H202  + BaS04.  The  precipitate  is 
allowed  to  subside,  and  the  clear  liquid  evaporated  in  the  exhausted  receiver  of 
the  air-pump  over  a dish  of  oil  of  vitriol  to  absorb  the  water,  which  evaporates 
much  more  rapidly  than  the  peroxide.  The  pure  hydric  peroxide  is  a syrupy 
liquid  of  sp.  gr.  1.453,  with  a very  slight  chlorous  odour.  Its  most  remarkable 
feature  is  the  facility  with  which  it  is  decomposed  into  water  and  oxygen.*  Even 
at  70°  F.  it  begins  to  evolve  bubbles  of  oxygen.  At  2120  it  decomposes  with 
violence.  The  mere  contact  with  certain  metals,  such  as  gold,  platinum,  and 
silver,  which  have  no  direct  attraction  for  oxygen,  will  cause  the  decomposition 
of  the  peroxide  without  any  chemical  alteration  of  the  metal  itself. f Manganese 
dioxide  decomposes  it  without  undergoing  any  apparent  change.  The  most  sur- 
prising effect  is  that  which  takes  place  with  silver  oxide.  If  a drop  of  hydric 
peroxide  be  allowed  to  fall  upon  silver  oxide,  which  is  a brown  powder,  decom- 
position takes  place  with  explosive  violence  and  great  evolution  of  heat,  the  silver 

5 The  presence  of  a little  free  acid  renders  it  rather  more  stable,  whilst  free  alkali  has 
the  opposite  effect.  A solution  of  hydric  peroxide,  containing  a little  hydrochloric  acid, 
is  now  sold  for  medicinal  and  photographic  uses. 

t Such  inexplicable  changes  as  this  are  sometimes  includeu  under  tho  general  denomi- 
nation of  catalysis,  or  decomposition  by  contact. 
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oxide  losing  its  oxygen,  and  becoming  grey  metallic  silver.*  The  oxides  of  gold 
and  platinum  are  acted  upon  in  a similar  manner. 

These  very  extraordinary  changes,  which  were  formerly  described  as  catalytic 
actions,  are  now  generally  accounted  for  by  the  hypothesis  that  the  oxygen  in  the 
oxide  of  silver,  &c.,  exists  in  a condition  different  from  that  of  the  second  atom  of 
ox}Tgen  in  the  hydric  peroxide,  and  that  these  two  conditions  of  oxygen  have  a 
chemical  attraction  for  each  other,  similar  to  that  which  exists  between  different 
elements.  If  the  oxygen  in  the  silver  oxide  be  represented  as  electro-negative 
oxygen  (see  2),  as  its  relation  to  the  metal  would  lead  us  to  expect,  and  the  second 
atom  of  oxygen  in  the  hydric  peroxide  be  represented  as  electropositive  oxygen, 
the  mutual  decomposition  of  the  two  compounds  might  be  represented  by  the 
equation,  - + — + 

Ag20  + H200  = Ag„  + H20  + 00. 

The  elementary  substances,  with  few  exceptions,  have  molecules  composed  of 
two  atoms,  which  may  be  due  to  the  circumstance  that  each  atom  is  the  electrical 
complement  of  the  other. 

If  hydric  peroxide,  even  in  diluted  solution,  be  added  to  potassium  perman- 
ganate acidified  with  sulphuric  acid,  the  red  colour  is  entirely  destroyed,  and 
bubbles  of  oxygen  are  evolved,  causing  effervescence;  K2Mn2Os  + 3H2S04  + 5H202 
= K2S04  + 2MnS04  + 8H,0  + 5O0.  Here  05  from  the  hydric  peroxide  have  united 
with  05  from  the  permanganate. 

These  experiments  support  the  conclusion  arrived  at  by  the  reasoning  at  page  2, 
that  the  molecule  or  ultimate  physical  particle  of  oxygen  is  really  composed  of 
2 atoms. 

A very  striking  reaction  of  hydric  peroxide  is  that  with  chromic  acid.  If  a 
solution  of  H202  be  added  to  a weak  solution  of  potassium  dichromate  acidified 
with  sulphuric  acid,  the  beautiful  blue  colour  of  perchromic  acid  appears : 
K2Cr207  + H2S04  + 2H202  = Iv2S04  + 3H20  + H2Cr208.  After  a few  minutes,  the  blue 
colour  changes  to  a very  pale  green,  the  perchromic  acid  being  decomposed  by 
the  sulphuric  acid,  yielding  the  green  chromium  sulphate,  and  free  oxygen  which 
adheres  in  bubbles  to  the  side  of  theyessel,  H2Cr2Os  + 3H._,S04  = Cr2(S04)3  + 4H20  + 04. 
If  the  blue  solution  be  shaken  with  a little  "ether  which  dissolves  the  perchromic 
acid  and  rises  with  it  to  the  surface  where  it  forms  a blue  layer,  the  colour  is 
much  more  lasting,  and  very  minute  quantities  of  hydric  peroxide  may  thus  be 
detected. 

The  decomposition  of  H202  into  H20  and  0 is  attended  by  evolution  of  heat, 
amounting  to  22000  grm. -units  of  heat  for  each  grm. -molecule  of  H202.  When 
II.,  and  0 combine  to  form  H20,  69000  units  of  heat  are  evolved ; lienee,  when 
H20  is  decomposed,  69000  units  must  be  absorbed,  so  that  we  have,  in  the  for- 
mation of  water,  H„  + 0 = H20  + 69000  heat-units.  But  since  the  decomposition 
of  H„0„  into  H20  and  0 evolves  22000  units,  its  formation  from  H20  and  0 
would  absorb  the  same  quantity,  and  we  should  have  H20  + 0 = H202— 22000 
units.  From  the  two  equations  we  get  H„  + 0,_,  — H202  + 69000  — 22000,  or  fi2  + 02  = 
H..02  + 47000  heat-units.  Now,  by  the  laws 'of  thermo-chemistry,  every  chemical 
change  tends  to  produce  that  body  in  the  formation  of  which  most  heat  is  liberated ; 
hence  water,  and  not  hydric  peroxide,  is  the  general  result  of  chemical  changes  in 
which  H and  0 are  concerned. 

49.  Ozone. — This  is  the  name  given  to  a modified  form  of  oxygen,  of  the  true 
nature  of  which  there  is  still  some  doubt,  as  it  has  never  been  obtained  unmixed 
with  ordinary  oxygen,  but  it  appears  to  be  formed  by  the  union  of  3 atoms  of  oxygen 
(occupying  3 volumes),  to  produce  a molecule  of  ozone  (occupying  2 volumes). 
Just  as  hydric  peroxide  (H202)  may  be  regarded  as  formed  by  the  combination  of 
a molecule  of  water  (H.,0)  with  an  atom  of  oxygen,  so  ozone  may  be  viewed  as 
a combination  of  a molecule  of  oxygen  (02)  with  an  atom  of  oxygen.  It  would 
then  be  half  as  heavy  again  as  ordinary  oxygen,  and  experiment  has  shown  that 
its  rate  of  diffusion  is  in  accordance  with  this  view. 

It  derives  its  name  from  its  peculiar  odour  (6^eiv,  to.  smell),  which  is  often 
perceived  in  the  air  of  the  sea  or  of  the  open  country,  and  in  linen  which  has  been 
dried  in  country  air.  According  to  Hartley,  1 volume  of  ozone  in  2$  million  vols. 
of  air  may  be  perceived  by  the  smell.  Oxygen  appears  to  be  capable  of  assuming 
t his  ozonised  condition  under  various  circumstances,  the  principal  of  which  are, 

* If  ammonia  be  very  carefully  added  to  silver  nitrate  until  the  precipitate  formed  at 
first  is  only  just  re-dissolved,  the  solution  will  give  a lustrous  deposit  of  metallic  silver 
on  addition  of  a little  hydric  peroxide,  and  gently  heating. 
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Fig.  48. — Tube  for  ozonising  air  by  induction. 


the  passage  of  silent  electric  discharges,*  and  the  contact  with  substances  (such 
as  phosphorus)  undergoing  slow  oxidation  in  the  presence  of  water.  A minute 
proportion  of  the  oxygen  obtained  in  the  decomposition  of  water  by  the  galvanic 
current  also  exists  in  the  ozonised  condition,  as  may  be  perceived  by  its  odour. 

The  use  of  Siemens’  induction-tube  (fig.  48)  affords  the  readiest  method  of 
demonstrating  the  charac- 
teristic properties  of  ozone. 

This  apparatus  consists  of 
a tube  (A)  coated  internail}7 
with  tin-foil  (or  silvered  on 
the  inside),  and  surrounded 
with  another  tube  (B), 
which  is  coated  with  tin- 
foil  on  the  outside.  When 
the  inner  and  outer  coat- 
ings are  placed  in  con- 
nexion with  the  wires  of 
an  induction-coil  by  means 
of  the  screws  (CD),  and  a 
stream  of  air  or  oxygen 
(dried  by  passing  through  oil  of  vitriol)  is  passed  through  (E)  between  the  two 
tubes,  a strong  odour  is  perceived  at  the  orifice  (F). 

Several  forms  of  apparatus  upon  this  principle  have  been  constructed  for  obtain- 
ing large  volumes  of  ozonised  air.  Plates  of  glass  coated  with  tin-foil  will  ozonise 
the  air  between  them  when  the  coatings  are  connected  with  opposite  poles  of  the 
induction-coil.  A wide  glass  tube  or  cylinder  with  a platinum  wire,  or  a piece  of 
platinum  foil  inside,  connected  with  one  pole  of 
the  coil,  and  a platinum  wire  wound  round  it 
externally,  connected  with  the  other  pole  of  the 
coil,  will  ozonise  the  air  passed  through  it. 

When  large  quantities  of  ozone  are  required,  it 
is  found  expedient  to  employ  concentric  cylin- 
ders filled  with  water,  or  diluted  sulphuric  acid, 
which  serves  to  keep  down  the  temperature,  and 
may  be  employed,  instead  of  a metallic  coating, 
to  receive  the  charge  of  electricity  (fig.  49). 

The  ordinary  chemical  test  for  ozone  is  a 
damp  mixture  of  starch  with  potassium  iodide. 

100  grains  of  starch  are  well  mixed  in  a mortar 
with  a measured  ounce  of  cold  water,  and  the 
mixture  is  slowly  poured  into  5 ounces  of  boil- 
ing water  in  a porcelain  dish,  with  occasional 
stirring.  The  thin  starch-paste  thus  obtained 
is  allowed  to  cool,  and  a few  drops  of  solution 
of  pure  potassium  iodide  are  added,  the  mix- 
ture being  well  stirred  with  a glass  rod.  If 
this  mixture  be  brushed  over  strips  of  white 
cartridge  paper,  these  will  remain  unchanged 
in  ordinary  air ; but  when  they  are  exposed  to 
ozonised  air  (such  as  that  which  has  passed 
through  the  induction-tube),  they  will  imme- 
diately assume  a blue  colour.  The  ozone  ab- 
stracts the  potassium  from  the  potassium  iodide 
(KI),  and  sets  free  the  iodine,  which  has  the 
specific  property  of  imparting  a blue  colour  to 
starch.  Papers  impregnated  with  manganese 
sulphate  or  lead  acetate  become  brown  from 
the  formation  of  the  peroxides  of  those  metals 
under  the  influence  of  ozone. 

If  the  ozonised  air  issuing  from  F be  passed 
into  a solution  of  indigo  ( sulpliindigotic  acid  largely  diluted)  the  blue  colour  will 
soon  disappear,  since  the  ozone  oxidises  the  indigo,  and  gives  rise  to  products 
which,  in  a diluted  state,  are  nearly  colourless.  Ordinary  oxygen  is  incapable  of 

* It  is  the  odour  of  ozone  which  is  perceived  in  working  an  ordinary  electrical  machine. 


Fig.  49. — Ozonising  apparatus. 
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bleaching  indigo  in  this  manner.  If  the  ozone  is  passed  through  a tube  of  vul- 
canised caoutchouc,  this  will  soon  be  perforated  by  the  corrosive  effect  of  the 
ozone,  whilst  ordinary  oxygen  would  be  without  effect  upon  it.  If  ozonised  air 
be  passed  into  a flask  with  a little  mercury  at  the  bottom,  the  surface  of  the 
mercury  will  soon  become  tarnished  by  the  formation  of  oxide,  and  when  the 
mercury  is  shaken  round  the  flask  it  will  adhere  to  the  sides,  which  is  not  the 
case  with  pure  mercury. 

If  the  ozone  from  F be  made  to  pass  slowly  through  a glass  tube  heated  in  the 
centre  by  a spirit-lamp,  it  will  be  found  to  lose  its  power  of  affecting  the  iodised 
starch-paper,  the  ozone  having  been  reconverted  into  ordinary  oxygen  under  the 
influence  of  heat ; 2(00„)  = 3(b2).  A temperature  of  300°  F.  (149°  C.)  is  sufficient 
to  effect  this  change.  A given  volume  of  oxygen  diminishes  when  a portion  of  it 
is  converted  into  ozone  by  the  silent  electric  discharge,  and  it  regains  its  original 
volume  when  the  ozone  is  reconverted  by  heat.  The  conversion  of  oxygen  into 
ozone  is  attended  by  absorption  of  heat ; 302  = 203  - 29600  units. 

When  a given  quantity  of  oxygen  is  electrised,  or  subjected  to  the  action  of 
surfaces  charged  with  opposite  electricities,  only  one-fifth,  at  most,  is  converted 
into  ozone  ; but  if  the  ozone  be  now  removed  by  some  substance  which  absorbs 
it,  a fresh  quantity  of  the  oxygen  may  be  ozonised. 

The  researches  of  Brodie  have  shown  that  either  one,  two,  or  three  atoms  of 
oxygen  in  ozone  may  be  absorbed,  according  to  the  nature  of  the  oxidisable 
substance  employed.  Thus,  where  a neutral  solution  of  potassium  iodide  is  acted 
on  by  ozone, 

002  (2  volumes)  4-  2KI  + H„0  = 2KHO  + I2  + 02  (2  volumes), 
the  atom  of  oxygen  being  removed  without  diminution  in  the  volume  of  the  gas. 
But  if  the  solution  of  potassium  iodide  be  acidified  (and  thus  converted,  virtually, 
into  a solution  of  hydriodic  acid), 

002  (2  volumes)  + 4HI  = 2H20  + I4  + 0 (1  volume), 
the  volume  being  here  reduced  by  one-half.  When  chloride  of  tin  (stannous 
chloride)  mixed  with  hydrochloric  acid  is  brought  in  contact  with  ozone,  the 
latter  is  entirely  absorbed,  converting  the  stannous  chloride  into  stannic  chloride, 
002  + 3SnCl2  + 6HC1  = 3SnCl4  + 3^0. 

Oil  of  turpentine  and  some  other  substances  also  absorb  the  ozone  entirely. 

By  placing  a freshly  scraped  stick  of  phosphorus  (scraped  underwater  to  avoid 
inflammation)  at  the  bottom  of  a quart  bottle,  with  enough  water  to  cover  half 
of  it,  and  loosely  covering  the  bottle  with  a glass  plate,  enough  ozone  may  be 
accumulated  in  a few  minutes  to  be  readily  recognised  by  the  odour  and  the 


iodised  starch.  . 

The  water  at  the  bottom  of  the  bottle  is  found  to  contain,  besides  the  phos- 
phorus and  phosphoric  acids,  formed  by  the  slow  oxidation  of  the  phosplioius, 
some  hydric  peroxide,  whence  it  has  been  supposed  that  the  formation  of  ozone 
is  due  to  the  decomposition  of  a molecule  of  oxygen  into  electro -negative  oxygen, 
which  combines  with  another  molecule  of  oxygen  to  form  ozone,  and  electro- 
positive oxygen  which  combines  with  a molecule  of  water  to  form  hidiic  pei- 

oxide.  Thus,  -+  + — 

02  + 00  + H,0  = H200  + 020. 

This  view  is  supported  by  the  circumstance  that  hydric  pei oxide  appears  to  be 
produced  in  every  case  where  ozone  is  formed  in  the  presence  of  water. 

When  ozonised  oxygen  is  shaken  with  hydric  peroxide,  the  above  equation  is 
reversed,  water  and  ordinary  oxygen  resulting.® 

Ether  and  essential  oils,  such  as  turpentine,  slowly  absorb  oxygen  from  the  air, 
thus  acquiring  the  property  of  bleaching  indigo  and  of  blueing  the  mixture  oi 
potassium  iodide  and  starch  ; hence  they  were  formerly  believed  to  contain  ozone, 
but  they  do  not  answer  to  all  the  tests  for  that  substance.  Thus  ozone  lmpai  s 
a blue  colour  to  the  resin  of  guaiacum,  but  the  old  turpentine  or  ether  will  no  c o 
so.f  If  a little  hydric  peroxide  be  dissolved  in  ether,  it  exhibits  the  same  pro- 
perty as  the  ether  which  has  absorbed  oxygen  from  the  air,  and  it  is,  therefore, 
sometimes  called  “ ozonic  ether.”  The  solution  of  hydric  peroxide  in  ether 

• The  oxygen  obtained  by  the  action  of  warm  sulphuric  acid  on  barium  dioxide  or  on 
crystallised'  potassium  permanganate,  resembles  ozone  in  its  odour  and  action  on  the 

1 0<t' SKI n^zetf1 Ims^shown  that  the  action  of  air  on  oil  of  turpentine  produces  an  organic 
substance  which  yields  hydric  peroxide  when  acted  on  bj  watei.  (bee  urpen  me.) 
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(obtained  by  shaking  the  aqueous  solution  of  the  peroxide  with  ether)  is  em- 
ploved  by  Dr  Day  for  the  recognition  of  blood-stains.  Contact  with  blood 
decomposes  hydrio  peroxide,  and  the  oxygen  which  is  liberated  is  capable  of 
blueing  guaiacum  resin.  Accordingly,  if  a blood-stain  be  moistened  with  tinc- 
ture of  guaiacum  (a  solution  oh  the  resin  in  spirit  of  wine),  and  afterwards  with 
the  ethereal  solution  of  hydric  peroxide  (ozonic  ether),  it  acquires  an  intense 
blue  colour,  which  may  be  detected,  even  on  a coloured  fabric,  by  pressing  a piece 

of  white  blotting-paper  upon  it.  . , . - ,, 

Ozone  has  attracted  much  notice,  because  a minute  proportion  of  the  oxygen 
in  the  atmosphere  appears  sometimes  to  be  present  in  this  form,  and  its  active 
properties  have  naturally  led  to  the  belief  that  it  must  exercise  some  influence 
upon  the  sanitary  condition  of  the  air.  This  idea  is  encouraged  by  the  cmcum- 
stance  that  no  indications  of  ozone  can  be  perceived  m crowded  cities,  where 
there  are  so  manv  oxidisable  substances  to  consume  the  active  oxygen,  whilst 
the  air  in  the  open  countrvand  at  the  sea-side  does  give  evidence  of  its  presence. 
Some  chemists  assert  that  their  experiments  have  demonstrated  the  very  im- 
portant fact  that  a portion  of  the  oxygen  developed  by  growing  plants  is  m the 
ozonised  form,  but  the  evidence  on  the  subject  is  conflicting.  Houzeau  fixes  the 
maximum  proportion  of  ozone  at  ^Vu  oth  of  the  volume  of  air.  The  proportion 
is  highest  in  May  and  June,  lowest  in  December  and  January. 

Ozonised  oxygen  exhibits  a sky-blue  colour  when  viewed  along  a column  of  one 
metre  in  length.  The  blue  colour  becomes  very  deep  under  a pressure  of  several 
atmospheres”  It  has  been  suggested  that  the  blue  colour  of  the  sky  is  due  to  our 
reo-arding  it  through  the  ozonised  atmosphere*  Ozone  is  more  easily  liquefied 
than  oxvgen,  being  condensed  to  a blue  liquid  by  a pressure  of  125  atmospheres 
at  - 10?  C.  It  is  slightly  soluble  in  water ; 100  vols.  water  dissolve  .88  vol.  ozone. 

In  want  of  stability,  ozone  resembles  hydric  peroxide  ; contact  with  manganese 
dioxide  converts  it  into  ordinary  oxygen.  Even  shaking  with  powdered  glass  will 
de-ozonise  the  ozonised  oxygen.  When  kept  for  some  days,  all  the  ozone  is 
gradually  reconverted  into  oxygen. 


ATMOSPHERIC  AIR. 

50.  Atmospheric  air  consists  chiefly  of  a mixture  of  nitrogen  with  one- 
fiftli  of  its  volume  of  oxygen,  and  very  small  proportions  of  carbonic 
acid  gas  and  ammonia.  Vapour  of  water  is  of  course  always  present  in 
the  atmosphere  in  varying  proportions.  Since  the  atmosphere  is  the 
receptacle  for  all  gaseous  emanations,  other  substances  may  be  discovei  ed 
in  it  by  very  minute  analysis,  but  in  proportions  too  small  to  have  any 
perceptible  influence  upon  its  properties.  Thus  marsh-gas  or  light  car- 
buretted  hydrogen,  sulphuretted  hydrogen,  and  sulphurous  acid  gas, 
can  often  be  traced  in  it,  the  two  last  especially  in  or  near  towns. 

Although  the  proportion  of  oxygen  in  the  air  at  a given  spot  may  be 
much  diminished,  and  that  of  carbonic  acid  gas  increased,  by  processes 
of  oxidation  (such  as  respiration  and  combustion)  taking  place  there,  the 
operation  of  wind  and  of  diffusion  so  rapidly  mixes  the  altered  ait  with 
the  immensely  greater  general  mass  of  the  atmosphere,  that  the  variations 
in  the  composition  of  air  in  different  places  are  very  slight.  Thus  it  has 
been  found  that  the  proportion  of  oxygen  in  the  air  in  the  centre  of 
Manchester  was,  at  most,  only  o.  2 per  cent,  below  the  average. 

The  proportions  in  which  the  oxygen  and  nitrogen  are  generally  pre- 
sent in  atmospheric  air,  freed  from  water  and  carbonic  acid  gas,  are- 
nitrogen,  79.19  per  cent,  by  volume,  or  76-99  Per  cenb  by  weight, 
oxygen,  20.81  per  cent,  by  volume,  or  23.01  per  cent,  by  weight. 

The  proportion  of  aqueous  vapour  may  be  stated,  on  the  average,  as 
1.4  per  cent,  by  volume,  or  0.87  per  cent,  by  weight  of  the  air.  The 

* “On  the  Absorption  of  Solar  Rays  by  Atmospheric  Ozone,”  Hartley,  Jaurn.C/iem.  Soc ., 
March  1881. 
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carbonic  acid  gas  may  be  generally  estimated  at  from  0.03  to  0.04  per 
cent,  by  volume,  or  from  0.045  to  0.06  per  cent,  by  weight  of  the  air. 
The  total  weight  of  atmospheric  air  surrounding  the  globe  exceeds 
300,000  million  tons. 

The  relative  proportions  of  oxygen  and  nitrogen  in  air  may  be  exhibited  by  sus- 
pending a stick  of  phosphorus  upon  a wire  stand  (A,  fig.  50)  in  a measured  volume 
of  air  confined  over  water.  The  cylinder  (B)  should  have  been  previously  divided 
into  five  equal  spaces  by  measuring  water  into  it,  and  marking  each  space  by  a thin 
line  of  Brunswick  black.  After  a few  hours,  the  phosphorus  will  have  combined 
with  the  whole  of  the  oxygen  to  form  phosphorous  and  phosphoric  acids,  which  are 
absorbed  by  the  water,  leaving  four  of  the  spaces  occupied  by  nitrogen. 

The  same  result  may  be  arrived  at  in  a much  shorter  time  by  burning  the 
phosphorus  in  the  confined  portion  of  air. 

A fragment  of  phosphorus  dried  by  careful  pressure  between  blotting-paper,  is 
placed  upon  a convenient  stand  (A,  fig.  51)  and  covered  with  a tall  jar,  having  an 
opening  at  the  top  for  the  insertion  of  a well-fitting  stopper  (which  should  be 
greased  with  a little  lard),  and  divided  into  seven  parts  of  equal  capacity.  The 
jar  should  be  placed  over  the  stand  in  such  a manner  that  the  water  may  occupy 
the  two  lowest  spaces  into  which  the  jar  is  divided.  The  stopper  of  the  jar  is 
furnished  with  a hook,  to  which  a piece  of  brass  chain  (B)  is  attached,  long  enough 
to  touch  the  phosphorus  when  the  stopper  is  inserted.  The  end  of  this  chain  is 


heated  in  the  flame  of  a lamp,  and  the  stopper  tightly  fixed  in  its  place.  On 
allowing  the  hot  chain  to  touch  the  phosphorus,  it  bursts  into  vivid  combustion, 
filling  the  jar  with  thick  white  fumes,  and  covering  its  sides,  for  a few  moments, 
with  white  flakes  of  phosphoric  anhydride.  At  the  commencement  of  the  experi- 
ment, the  water  in  the  jar  will  be  depressed,  in  consequence  of  the  expansion  of 
the  air  due  to  the  heat  produced  in  the  burning  of  the  phosphorus,  but  presently, 
when  the  combustion  begins  to  decline,  the  water  again  rises,  and  continues  to 
do  so  until  it  has  ascended  to  the  line  (C),  so  as  to  occupy  the  place  of  one-fifth 
of  the  air  employed  in  the  experiment.  The  phosphorus  will  then  have  ceased  to 
burn,  the  white  flakes  upon  the  sides  of  the  jar  will  have  acquired  the  appearance 
of  drops  of  moisture,  and  the  fumes  will  have  gradually  disappeared,  until,  in  the 
course  of  half  an  hour,  the  air  remaining  in  the  jar  will  be  as  clear  and  transparent 
as  before,  the  whole  of  the  phosphoric  anhydride  having  been  absorbed  by  the 
water.  The  jar  should  now  be  sunk  in  water,  so  that  the  latter  may  attain  to  the 
same  level  without  as  within  the  jar.  On  removing  the  stopper,  it  will  be  found 
that  the  nitrogen  in  the  jar  will  no  longer  support  the  combustion  of  a taper. 

In  the  rigidly  accurate  determination  of  the  relative  proportions  of  oxygen  and 
nitrogen  in  the  air,  it  is  of  course  necessary  to  guard  against  any  error  arising 
from  the  presence  of  the  water,  carbonic  acid  gas,  and  ammonia.  With  this  view, 
Dumas  and  Boussingault,  to  whom  we  are  originally  indebted  for  our  exact 
knowledge  of  the  composition  of  the  air,  caused  it  to  pass  through  a series  of 
tubes  (A,  fig.  52)  containing  potash,  in  order  to  remove  the  carbonic  acid  gas, 
then  through  a second  series  (B)  containing  sulphuric  acid,  to  absorb  the  ammonia 
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and  water ; the  purified  air  then  passed  through  a glass  tube  (C)  filled  with  bright 
copper  heated  to  redness  in  a charcoal  furnace,  which  removed  the  whole  of  the 
oxygen,  and  the  nitrogen  passed  into  the  large  globe  (N). 


Both  the  tube  (containing  the  copper)  and  the  globe  were  carefully  exhausted 
of  air  and  accurately  weighed  before  the  experiment ; on  connecting  the  globe 
and  the  tube  with  the  purifying  apparatus,  and  slowly  opening  the  stop-cocks,  the 
pressure  of  the  external  air  caused  it  to  flow  through  the  series  of  tubes  into  the 
globe  destined  to  receive  the  nitrogen.  When  a considerable  quantity  of  air  had 
passed  in,  the  stop-cocks  wete  again  closed,  and  after  cooling,  the  weight  of  the 
globe  was  accurately  determined.  The  difference  between  this  weight  and  that 
of  the  empty  globe,  "before  the  experiment,  gave  the  weight  of  the  nitrogen  which 
had  entered  the  globe  ; but  this  did  not  represent  the  whole  of  the  nitrogen  con- 
tained in  the  analysed  air,  for  the  tube  containing  the  copper  had,  of  course, 
remained  full  of  nitrogen  at  the  close  of  the  experiment.  This  tube,  having  been 
weighed,  was  attached  to  the  air-pump,  the  nitrogen  exhausted  from  it,  and  the 
tube  again  weighed ; the  difference  between  the  two  weighings  furnished  the 
weight  of  the  nitrogen  remaining  in  the  tube,  and  was  added  to  the  weight  of 
that  received  in  the  globe.  The  oxygen  was  represented  by  the  increase  of  the 
weight  of  the  exhausted  tube  containing  the  copper,  which  was  partially  con- 
verted into  oxide  of  copper,  by  combining  with  the  oxygen  of  the  air  passed 
through  it. 

ioo  parts  by  weight  of  the  air  purified  from  water,  carbonic  acid  gas,  and 
ammonia,  contain  77  parts  of  nitrogen  and  23  parts  of  oxygen. 

51.  The  nitrogen  remaining  after  the  removal  of  the  oxygen  from  air 
in  the  above  experiments  was  so  called  on  account  of  its  presence  in 
nitre  (saltpetre  KN03).  In  physical  properties  it  resembles  oxygen,  but 
is  somewhat  lighter  than  that  gas,  its  specific  gravity  being  0.9713. 

This  difference  in  the  specific  gravities  of  the  two 
gases  is  well  exhibited  by  the  arrangement  shown  in 
fig.  53.  A jar  of  oxygen  (O)  is  closed  with  a glass 
plate,  and  placed  upon  the  table.  A jar  of  nitrogen 
(N),  also  closed  with  a glass  plate,  is  placed  over  it,  so 
that  the  two  gases  may  come  in  contact  when  the  glass 
plates  are  removed.  The  nitrogen  will  float  for  some 
seconds  above  the  oxygen,  and  if  a lighted  taper  be 
quickly  introduced  through  the  neck  of  the  upper  jar, 
it  will  be  extinguished  in  passing  through  the  nitro- 
gen, and  will  be  rekindled  brilliantly  when  it  reaches 
the  oxygen  in  the  lower  jar. 

It  might  at  first  sight  appear  surprising  that 
oxygen  and  nitrogen,  though  of  different  specific 
gravities,  should  exist  in  uniform  proportions 
in  all  parts  of  the  atmosphere,  unless  in  a state 
of  chemical  combination ; but  an  acquaintance 
with  the  property  of  diffusion  (see  13)  possessed 
by  gases,  teaches  us  that  gases  ivill  mix  with 
each  other  in  opposition  to  gravitation,  and  when 
mixed  will  always  remain  so. 

It  was  shown  by  Graham  that  a partial  separation  of  the  nitrogen  and  oxygen 
in  air  may  be  effected,  on  the  same  principle  as  that  of  hydrogen  and  oxygen  at 
page  22,  by  taking  advantage  of  the  difference  in  their  rates  of  diffusion.  He 
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devised,  however,  a more  convenient  process,  founded  upon  the  dialytic  passage 
of  the  gases  through  caoutchouc,  which  he  ascribed  to  the  absorption  of  the  gas 
by  the  solid  material  upon  one  side,  and  its  escape  on  the  other. 

A bag  (a,  fig.  54)  is  made  of  a fabric  composed  of  a layer  of  caoutchouc  be- 
tween two  layers  of  silk,  such  as  that  employed  for  waterproof  garments  ; a piece 

of  carpet  is  placed  inside  the  bag  to  keep  the 
sides  apart,  and  the  edges  of  the  bag  are  made 
perfectly  air-tight  with  solution  of  caout- 
chouc. To  maintain  a vacuum  within  the 
bag,  it  is  supported  by  a rod  v,  and  attached 
to  Sprengel’s  air-pump,  in  which  a stream  of 
mercury,  allowed  to  flow  from  a funnel  (/) 
down  a tube  (c)  six  feet  long,  draws  the  air  out 
of  the  bag,  through  a lateral  tube  (h),  until 
all  the  air  is  exhausted,  which  is  indicated 
by  the  barometer  tube  b,  the  lower  end  of 
which  dips  into  a cistern  of  mercury.  When 
the  mercury  in  this  tube  stands  at  almost 
exactly  the  same  height  as  the  standard 
barometer,  the  exhaustion  is  complete.  If  a 
test-tube  (d)  filled  with  mercury  be  now  in- 
verted over  the  end  of  the  long  tube  c,  which 
is  bent  upwards  for  that  purpose,  the  bubbles 
of  air  which  are  drawn  through  the  sides  of 
the  vacuous  bag,  and  carried  down  the  long- 
tube  by  the  little  pistons  of  liquid  mercury  as 
they  fall,  will  pass  up  into  the  test-tube ; 
when  the  latter  is  filled  with  the  gas,  its 
mouth  is  closed  with  the  thumb,  withdrawn 
from  the  mercury,  and  a match  with  a spark 
at  the  end  inserted,  when  the  spark  will  burst 
out  into  flame,  showing  that  the  specimen  of 
air  collected  is  much  richer  in  oxygen  than 
ordinary  atmospheric  air.  The  overflow  tube  y 
delivers  the  mercury  which  is  to  be  returned 
to  the  funnel  /. 

The  dialytic  passage  of  _ oxygen  through 
54. — Spren gel’s  pump.  caoutchouc  into  a vacuum  is  twice  as  rapid 

Dialysis  of  air.  as  that  of  nitrogen,  so  that  the  air  collected 

in  the  tube  contains  twice  as  much  oxygen  as  the  external  air. 

This  dialytic  passage  of  gases  through  solids  is  quite  unconnected  with  the  dif 
fusibility  of  the  gases,  and  appears  to  depend  rather  upon  the  chemical  uatuie 
of  the  gas  and  of  the  solid.  It  is  thus  connected  with  the  occlusion  of  gases  by 
solids  It  is  in  consequence  of  this  dialytic  passage  that  tubes  of  non  01  plati- 
num, which  are  quite  impermeable  by  hydrogen  at  the  ordinary  temperature, 
will  allow  it  to  pass  rapidly  through  their  walls  at  high  temperatures. 

That  air  is  simply  a mechanical  mixture  of  its  component  gases  is  amply 
proved  by  the  circumstance  that  it  possesses  all  the  properties  whic 
would  he  predicted  for  a mixture  of  these  gases  in  such  propor  10ns 
whilst  the  essential  feature  of  a chemical  compound  is,  that  its  pi  ope  • 

cannot  he  foreseen  from  those  of  its  constituents.  . f 

The  absence  of  active  chemical  properties  is  a very  striking 
nitrogen,  and  admirably  adapts  it  for  its  function  of  diluting  the  oxygen 

“ S cSSnltions  of  air  to  animals  and  plants  will  be  more  appro- 
priately discussed  hereafter.  (See  Carbonic  Acyl,  Ammonw.) 
p7n  considering  the  composition  of  air.  much  attention  has  been  directed 

Of  Vate  years  to  the  dJ  or  minute 
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electric  lamp  or  the  lime-liglit,  which  would  be  invisible  along  its  track 
through  optically  pure  air. 

The  tine  particles  of  mineral  substances  present  in  the  dust  are  the 
probable  cause  of  the  crystallisation  of  super-saturated  solutions  of  salts 
(p.  43)  when  exposed  to  air.  The  vegetable  particles  appear  to  contain 
minute  seeds  which  germinate  when  deposited  in  certain  liquid  or  moist 
solid  substances,  and  give  rise  to  mould , mildew,  and  fermentation.  The 
animal  particles  are  believed  to  contain  the  germs  by  the  agency  of 
which  certain  forms  of  disease  are  spread. 

A sample  of  dust  from  one  of  the  towers  of  Notre  Dame  which  had  not  been 
entered  for  several  years,  contained  one-third  of  organic  matter  rich  in  carbon, 
one-third  of  sand,  one-sixth  of  chalk,  and  one-tenth  of  alkaline  salts. 

CARBON. 

C = 12  parts  by  weight.* 

52.  This  element  is  especially  remarkable  for  its  uniform  presence  in 
organic  substances.  The  ordinary  laboratory  test  by  which  the  chemist 
decides  whether  a substance  under  examination  is  of  organic  origin,  con- 
sists in  heating  it  with  limited  access  of  air,  and  observing  whether  any 
blackening  from  separation  of  carbon  ( carbonisation ) ensues. 

Few  elements  are  capable  of  assuming  so  many  different  aspects  as 
carbon.  It  is  met  with  transparent  and  colourless  in  the  diamond , 
opaque,  black,  and  quasi-metallic  in  graphite  or  black  lead,  dull  and 
porous  in  wood  charcoal,  and  under  new  conditions  in  anthracite,  coke, 
and  gas-carbon. 

In  nature,  free  carbon  may  be  said  to  occur  in  the  forms  of  diamond, 
graphite,  and  anthracite  (the  other  varieties  of  coal  containing  con- 
siderable proportions  of  other  elements). 

Apart  from  its  great  beauty  and  rarity,  the  diamond  possesses  a 
special  interest  in  chemical  eyes,  from  its  having  perplexed  philosophers 
up  to  the  middle  of  the  last  century,  notwithstanding  the  simplicity  of 
the  experiments  required  to  demonstrate  its  true  nature.  The  first  idea 
of  it  appears  to  have  been  obtained  by  Newton,  when  he  perceived  its 
great  power  of  refracting  light,  and  thence  inferred  that,  like  other 
bodies  possessing  that  property  in  a high  degree,  it  would  prove  to  be 
combustible  (“  an  unctuous  substance  coagulated  ”).  When  the  pre- 
diction was  verified,  the  burning  of  diamonds  was  exhibited  as  a 
marvellous  experiment,  but  no  accurate  observations  appear  to  have 
been  made  till  1772,  when  Lavoisier  ascertained,  by  burning  diamonds 
suspended  in  the  focus  of  a burning-glass  in  a confined  portion  of 
oxygen,  that  they  were  entirely  converted  into  carbonic  acid  gas.  In 
more  recent  times  this  experiment  has  been  repeated  with  the  utmost 
precaution,  and  the  diamond  has  been  clearly  demonstrated  to  consist 
of  carbon  in  a crystallised  state. 

A still  more  important  result  of  this  experiment  was  the  exact  determination 
of  the  composition  of  carbon  dioxide,  without  which  it  would  not  be  possible  to 
ascertain  exactly  the  proportion  of  carbon  in  any  of  its  numerous  compounds, 
since  it  is  always  weighed  in  that  form. 

The  most  accurate  experiments  upon  the  synthesis  of  carbon  dioxide  have  been 
conducted  with  the  arrangement  represented  in  fig.  55. 

Within  the  porcelain  tube  A,  which  is  heated  to  redness  in  a charcoal  fire,  was 

* The  volume  occupied  by  carbon  in  the  form  of  vapour  is  not  known  by  direct  experi- 
ment, its  vapour  never  having  been  obtained  in  a measurable  form. 
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placed  a little  platinum  tray,  accurately  weighed,  and  containing  a weighed 
quantity  of  fragments  of  diamond.  One  end  of  the  tube  was  connected  with  a 
gas-holder  B,  containing  oxygen,  which  was  thoroughly  purified  by  passing 
through  the  tube  C,  containing  potash  (to  absorb  any  carbo  nic  acid  gas  and 


Pig.  — Exact  synthesis  of  carbonic  acid  gas. 

chlorine  which  it  might  contain),  and  dried  by  passing  over  pumice  soaked  with 
concentrated  sulphuric  acid  in  D and  E.  To  the  other  end  of  the  porcelain  tube  A, 
there  was  attached  a glass  tube  E,  also  heated  in  a furnace,  and  containing 
oxide  of  copper  to  convert  into  carbonic  acid  gas  any  carbonic  oxide  which  might 
have  been  formed  in  the  combustion  of  the  diamond.  _ The  carbonic  acid  gas 
was  then  passed  over  pumice  soaked  with  sulphuric  acid  m G,  to  remove  any 
traces  of  moisture,  and  afterwards  into  a weighed  bulb-apparatus  H containing 
solution  of  potash,  and  two  weighed  tubes  I,  K,  containing,  respectively,  solid 
potash  and  sulphuric  acid  on  pumice,  to  guard  against  the  escape  of  aqueous 
vapour  taken  up  by  the  excess  of  oxygen  in  its  passage  through  the  bulbs  H. 
The  increase  of  weight  in  H,  I,  K,  represented  the  carbonic  acid  gas  formed  m 
the  combustion  of  an  amount  of  diamond  indicated  by  the  loss  of  w eight  suffered 
by  the  platinum  tray,  and  the  difference  between  the  diamond  consumed  and  the 
carbonic  acid  gas  formed  would  express  the  amount  of  oxygen  which  had  com- 
bined with  the  carbon.  A large  number  of  experiments  conducted  m this 
manner,  both  with  diamond  and  graphite,  showed  that  12  pa rts  of  carbon  fur- 
nished 44  parts  of  carbonic  acid  gas,  and  consumed,  therefore,  32  parts  of  oxyge  . 
44  A convenient  arrangement  for  burning  a diamond  m oxygen 

is  shown  in  fig.  k6.  The  diamond  is  supported  111  a short  helix 
of  platinum  w ire  A,  which  is  attached  to  the  copper  wires  B B 
passing  through  the  cork  C,  and  connected  with  the  terminal 
wires  of  a Grfve’s  battery  of  five  or  six  cells.  The  g^be  hav- 
ing been  filled  with  oxygen  by  passing  the  gas  down  into  it 
till  a match  indicates  that  the  excess  of  oxygen  is  streaming 
out  of  the  globe,  the  cork  is  inserted,  and  the  wires  connected 
w iWhe  batterv  When  the  heat  developed  in  the  platinum 
rtf  by  thf  pSge  cd  the  current,  hue  raised  the  diamond  to 
a full  red  heat,  the  connexiol  with  the  battery  may  be  interrupted,  and  the 
diamond  will  continue  to  burn  with  steady  and  intense  bnllian  y. 

To  an  observer  unacquainted  with  the  satisfactory  nature  of  t ns 
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monstration,  it  would  appear  incredible  that  the  transparent  diamond, 
so  resplendent  as  to  have  been  reputed  to  emit  light,  should  be  identical 
in  its  chemical  composition  with  graphite  ( plumbago  or  black  lead),  from 
which,  in  external  appearance,  it  differs  so  widely.  For  this  difference 
is  not  confined  to  their  colour ; in  crystalline  form  they  are  not  in  the 
least  alike,  the  diamond  occurring  generally  in  octahedral  crystals, 
while  graphite  is  found  either  in  amorphous  masses  (that  is,  having  no 
definite  crystalline  form),  or  in  six-sided  plates  which  are  not  geo- 
metrically allied  with  the  form  assumed  by  the  diamond.  Gai’bon, 
therefore,  is  dimorphous,  or  occurs  in  two  distinct  crystalline  forms. 
Even  in  weight,  diamond  and  graphite  are  very  dissimilar,  the  former 
having  an  average  specific  gravity  of  3.5  and  the  latter  of  2.3.  Again, 
a crystal  of  diamond  is  the  hardest  of  all  substances,  whence  it  is  used 
for  cutting  and  for  writing  upon  glass,  but  a mass  of  graphite  is  soft 
and  easily  cut  with  a knife.  The  diamond  is  a non-conductor  of 
electricity,  but  the  conducting  power  of  graphite  renders  it  useful  in 
the  electrotype  process. 

Diamonds  are  chiefly  obtained  from  Golconda,  Borneo,  and  the  Brazils. 
They  usually  occur  in  sandstone  rock  or  in  mica  slate.  The  hardness  of 
the  diamond  renders  it  necessary  to  employ  diamond-dust  for  the  purpose 
of  cutting  and  polishing  it,  Avhich  is  effected  with  the  aid  of  a revolving 
disk  of  steel,  to  the  surface  of  which  the  diamond-dust  is  applied  in  the 
form  of  a paste  made  with  oil.  The  crystal  in  its  natural  state  is  best 
fitted  for  the  purpose  of  the  glazier,  for  its  edges  ai'e  usually  somewhat 
curved,  and  the  angle  formed  by  these  cuts  the  glass  deeply,  while  the 
angle  formed  by  straight  edges,  like  those  of  an  ordinary  jeweller’s  dia- 
mond, is  only  adapted  for  scratching  or  writing  upon  glass.  Drills  with 
diamond  points  have  been  employed  in  tunnelling  through  hard  rocks. 
The  diamond-dust  used  for  polishing,  &c.,  is  obtained  from  a dark  amor- 
phous diamond  ( Carbonado ) found  at  Bahia  in  the  Brazils ; 1000  ounces 
annually  are  said  to  have  been  occasionally  obtained  from  this  source. 
When  burnt,  the  diamond  always  leaves  a minute  proportion  of  ash  of 
a yellowish  colour  in  which  silica  and  oxide  of  iron  have  been  detected. 
A genuine  diamond  may  be  known  by  its  combining  the  three  qualities 
of  extreme  hardness,  enabling  it  to  scratch  hardened  steel,  high  specific 
gravity  (3.52),  and  insolubility  in  hydrofluoric  acid.  Sapphire  (Al.,0,,) 
is  nearly  as  hard  as  diamond,  but  its  specific  gravity  is  about  4. 

Although  the  diamond,  when  preserved  from  contact  with  the  air,  may 
be  heated  very  strongly  in  a furnace,  without  suffering  any  change,  it  is 
not  proof  against  the  intense  heat  of  the  discharge  taking  place  between 
two  carbon  points  attached  to  the  terminal  wires  of  a powerful  galvanic 
battery.  If  the  experiment  be  performed  in  a vessel  exhausted  of  air, 
the  diamond  becomes  converted  into  a black  coke-like  mass  which  closely 
resembles  graphite  in  its  properties. 

Graphite  always  leaves  more  ash  than  the  diamond,  consisting  chiefly 
of  the  oxides  of  iron  and  manganese,  with  particles  of  quartz,  and  some- 
times titanic  dioxide.  The  purest  specimens  are  those  of  compact  amor- 
phous graphite  from  Borrowdale  in  Cumberland  ; an  inferior  variety, 
imported  from  Ceylon,  is  crystalline,  being  composed  of  hexagonal  plates. 
Graphite  is  obtained  artificially  in  the  manufacture  of  cast  iron  : in  some 
cases,  a portion  of  the  carbon  of  the  cast  iron  separates  in  cooling,  in 
the  form  of  crystalline  scales  of  graphite,  technically  called  kish.  In  the 
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grey  variety  of  cast  iron  these  scales  of  graphite  are  diffused  through  the 
mass  of  the  metal,  and  are  left  undissolved  when  the  iron  is  dissolved 
by  an  acid. 

Graphite  is  far  more  useful  than  the  diamond,  for,  in  addition  to  its 
application  in  black-lead  pencils,  and  for  covering  the  surface  of  iron  in 
order  to  protect  it  from  rust,  it  is  largely  employed,  in  admixture  with 
clay,  for  the  fabrication  of  the  plumbago  crucibles  (blue  pots),  which  are 
so  valuable  to  the  metallurgist  for  their  power  of  resisting  high  tem- 
peratures and  sudden  change  of  temperature.  Graphite  is  also  some- 
times employed  for  lubricating,  to  diminish  friction  in  machinery,  and 
for  facing  or  imparting  a glazed  surface  to  gunpowder. 

Inferior  kinds  of  graphite  are  treated  by  Brodie’s  process.  _ The  graphite  is- 
heated  with  2 parts  of  sulphuric  acid  and  TVth  or  A^h  of  potassium  chlorate.  A 
part  of  the  graphite  is  thus  oxidised  and  converted  into  graphitic  acid , L,ji±4U5. 
When  the  graphite  so  treated  is  washed,  dried,  and  heated,  to  redness,  the  gra- 
phitic acid  is  decomposed,  evolving  steam  and  carbonic  oxide  gas  which  swells 
up  the  graphite  to  a light  voluminous  powder  which  can  be  separated  trom  the 
heavy  earthy  impurities  by  floating  it  in  water.  When  much  silica  is  present  m 
the  graphite,  a little  sodium  fluoride  is  added  after  the  potassium  chlorate  has 
been  decomposed.  _ 

(Anthracite  and  the  other  varieties  of  coal  will  be  described  m a 

separate  section.) 

C 9 Several  varieties  of  carbon,  obtained  by  artificial  processes,  are 
employed  in  the  arts.  The  most  important  of  these  are  lamp  black, 

■wood  charcoal,  and  animal  charcoal  * , , 

Lamp  black  approaches  more  nearly  in  composition  to  pure  carbon  than 
either  of  the  others,  and  is  the  soot  obtained  from  the  imperfect  com- 
bustion of  resinous  and  tarry  matters  (or  of  highly  bituminous  coal), 
from  which  source  it  derives  the  small  quantities  of  resin,  nitrogen, 
and  sulphur  which  it  contains.  The  uses  of  this  substance,  as  an  ingre- 
dient of  pigments,  of  printing-ink,  and  of  blacking,  depend  evidently 
more  upon  its  black  colour  than  upon  its  chemical  properties.  Diamond 
black  is  a very  pure  variety  of  lamp  black  obtained  by  the  impeifec 
combustion  of  the  natural  hydrocarbon  gas  of  the  Ohio  petroleum  region. 
Spanish  black  is  charcoal  made  from  waste  cork. 

Wood  charcoal  presents  more  features  which  arrest  the  attent 
the  chemist,  as  well  on  account  of  its  specific  properties  js  of  thenr- 
fluence  exercised  by  the  method  adopted  for  obtaining  it,  upon  its  fitness 
for  the  particular  purpose  which  it  may  be  destined  to  sen  e. 

If  a piece  of  wood  be  heated  in  an  ordinary  fire  it  is . speedily  con- 
sumed with  the  exception  of  a grey  ash  consisting  of  the  incombusti  1 e 
mineral  substances  which  it  contained ; if  the  experiment 
in  such  a manner  that  the  products  of  combustion  of  the  wood  could 
be  collected  these  would  be  found  to  consist  of  carbonic  acid  ga 
and  water  woody  fibre  is  composed  of  carbon,  hydrogen,  and  oxygen 
(C  IT  0 ) ’and  when  it  is  burnt,  the  oxygen,  111  conjunction  with  moie 
oxygen  derived  from  the  air,  converts  the  carbon  and  hydrogen  into 
carbon  dioxide  and  water.  But  if  the  wood  be  heated  m a glass  tube 
closed  at  one  end  it  will  be  found  impossible  to  reduce  it,  as  before,  t 
for  a ml  of  charcoal  will  remain,  having  the  came  form  » 

• The  term ,„„u,o-oaA„  1ms bee, .proposed 
a high  percentage  of  carbon,  and,  in  many  respects,  simulating 
' " Phil.  Mag.,  May  1882). 
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that  of  the  piece  of  wood  ; in  this  case,  the  oxygen  of  the  aiv  not  having 
been  allowed  free  access  to  the  wood,  no  true  combustion  has  taken 
place,  but  the  wood  has  undergone  destructive  distillation , that  is,  its 
elements  have  arranged  themselves,  under  the  influence  of  the  high 
temperature,  into  different  forms  of  combination,  for  the  most  part 
simpler  in  their  chemical  composition  than  the  wood  itself,  and  capable, 
unlike  the  wood,  of  enduring  that  temperature  without  decomposition ; 
thus,  it  is  merely  an  exchange  of  an  unstable  for  a stable  equilibrium  of 
the  particles  of  matter  composing  the  wood. 

(Definition. — Destructive  distillation  is  the  resolution  of  a complex 
substance  into  simpler  vapours  and  gases  under  the  influence  of  heat, 
out  of  contact  with  air.) 

The  vapours  issuing  from  the  mouth  of  the  tube  will  be  found  acid 
to  blue  litmus  paper;  they  have  a peculiar  odour,  and  readily  take  fire 
on  contact  with  flame.  These  will  be  more  particularly  noticed  hereafter, 
as  they  contain  some  very  useful  substances.  The  charcoal  which  is 
left  is  not  pure  carbon,  but  contains  considerable  quantities  of  oxygen 
and  hydrogen  with  a little  nitrogen,  and  the  mineral  matter  or  ash  of 
the  wood. 

When  the  charcoal  is  to  be  used  for  fuel,  it  is  generally  prepared  by 
a process  in  which  the  heat 
developed  by  the  combustion 
of  a portion  of  the  wood  is 
made  to  effect  the  charring 
of  the  rest.  With  this  view 
the  billets  of  wood  are  built 
up  into  a heap  (fig.  57)around 
stakes  driven  into  the  ground, 
a passage  being  left  so  that 
the  heap  may  be  kindled  in  Fig.  57._Cbarcoal  heap, 

the  centre.  This  mound  of 

wood,  which  is  generally  from  30  to  50  feet  in  diameter,  is  closely 
covered  with  turf  and  sand,  except  for  a few  inches  around  the  base, 
where  it  is  left  uncovered  to  give 
vent  to  the  vapour  of  water  ex- 
pelled from  the  wood  in  the  first 
stage  of  the  process.  When  the 
heap  has  been  kindled  in  the 
centre,  the  passage  left  for  this 
purpose  is  carefully  closed  up. 

After  the  combustion  has  pro- 
ceeded for  some  time,  and  it  is 
judged  that  the  wood  is  perfectly 
dried,  the  open  space  at  the  base 
is  also  closed,  and  the  heap  left 
to  smoulder  for  three  or  four 

weeks,  when  the  wood  is  perfectly 
carbonised.  Fig.  58. -Charcoal  retort. 

Upon  an  average,  22  parts  of  charcoal  are  obtained  by  this  process 
from  100  of  wood. 

A far  more  economical  process  for  preparing  charcoal  from  wood 
consists  in  heating  it  in  a perforated  iron  case  or  slip  (F,  fig.  58)  placed 
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in  an  iron  retort  A,  from  which  the  gases  and  vapours  are  conducted  by 
the  pipe  L into  the  furnace  B,  where  they  are  consumed. 

On  the  small  scale,  the  operation  may  be  conducted  in  a glass  retort, 
as  shown  in  fig.  59,  where  the  water,  tar,  and  naphtha  are  deposited 


ing  ” fish  and  other  food  in  a state  of  incipient  putrefaction  has  long 
been  practised,  and  more  recently  charcoal  has  been  employed  for 
deodorising  all  kinds  of  putrefying  and  offensive  animal  or  vegetable 
matter.  This  property  of  charcoal  depends  upon  its  power  of  absorb- 
ing into  its  pores  very  considerable  quantities  of  the  gases,  especially  0 
those  which  are  easily  absorbed  by  water.  Thus,  x cubic  inch  of  cliai- 
coal  is  capable  of  absorbing  about  100  cubic  inches  of  ammonia  gas  and 
c o cubic  inches  of  sulphuretted  hydrogen,  both  which  are  conspicuous 
among  the  offensive  results  of  putrefaction.  This  condensation  of  gases 
by  charcoal  is  a mechanical  effect,  and  does  not  involve  a chemical  com- 
bination of  the  charcoal  with  the  gas ; it  is  exhibited  most  powerfully 
by  charcoal  which  has  been  recently  heated  to  redness  in  a closed  vessel, 
and  cooled  out  of  contact  with  air  by  plunging  it  under  mercury.  Eventu- 
ally the  offensive  gases  absorbed  by  the  charcoal  are  chemically  acted  on 
by  the  oxygen  of  the  air  in  its  pores.  A cubic  inch  of  wood  charcoal  absorbs 
nearly  10  cubic  inches  of  oxygen,  and  when  the  charcoal  containing  the 
was  thus  condensed  is  presented  to  another  gas  which  is  capable  of  undei  - 
woing  oxidation,  this  latter  gas  is  oxidised  and  converted  into  inodorous 
products.  Thus,  if  charcoal  be  exposed  to  the  action  of  air  containing 
sulphuretted  hydrogen  gas  (H2S),  it  condenses  within  its  pores  both  1 11s 
gas  and  the  atmospheric  oxygen,  which  slowly  converts  it  into  sulphuric 

acid  (H3S04). 


in  the  globular  receiver,  and 
the  inflammable  gases  are 
collected  over  water. 


Fig.  59. — Distillation  of  wood. 


The  infusibility  of  the 
charcoal  left  by  wood  ac- 
counts for  its  very  great 
porosity,  upon  which  some 
of  its  most  remarkable  and 
useful  properties  depend. 
The  application  of  charcoal 
for  the  purpose  of  “sweeten- 
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crucible,  and  allowed  to  become  nearly  cool  before  being  exposed  to  the  hydro- 
sulphuric  acid. 

Charcoal  prepared  from  hard  woods  absorbs  the  largest  volume  of  gas.  Thus 
logwood  charcoal  has  been  found  to  absorb  in  times  its  volume  of  the  ammo- 


niacal  gas.  Charcoal  made  from  the  shell  of  the  cocoa-nut  is  even  more  absorb- 
ent, although  its  pores  are  quite  invisible,  and  its  fracture  exhibits  a semi- 
metallic  lustre. 


As  the  gases  which  are  evolved  in  putrefaction  are  of  a poisonous  char- 
acter, the  power  of  wood  charcoal  to  remove  them  acquires  great  practical 
importance,  and  is  applied  in  very  many  cases ; the  charcoal  in  coarse 
powder  is  thickly  strewn  over  matters  from  which  the  effluvium  proceeds, 
or  is  exposed  in  shallow  trays  to  the  air  to  be  sweetened,  as  in  the  wards 
of  hospitals,  &c.  It  has  even  been  placed  in  a flat  box  of  wire  gauze  to 
be  fixed  as  a ventilator  before  a window  through  which  the  contaminated 
air  might  have  access,  and  respirators  constructed  on  the  same  principle 
have  been  found  to  afford  protection  against  poisonous  gases  and  vapours. 
The  ventilating  openings  of  sewers  in  the  streets  may  also  be  fitted  with 
cases  containing  charcoal  for  the  same  purpose.  Water  is  often  filtered 
through  charcoal  in  order  to  free  it  from  the  noxious  and  putrescent 
organic  matters  which  it  sometimes  con- 
tains. For  all  such  uses  the  charcoal 
should  have  been  recently  heated  to  red- 
ness in  a covered  vessel,  in  order  to  expel 
the  moisture  which  it  attracts  when 
exposed  to  the  air;  and  the  charcoal 
which  has  lost  its  power  of  absorption 
will  be  found  to  regain  it  in  great 
measure  when  heated  to  redness. 

This  power  of  absorption  which  char- 
coal possesses  is  not  confined  to  gases, 
for  many  liquid  and  solid  substances  are 
capable  of  being  removed  by  that  agent 
from  their  solution  in  water.  This  is 
most  readily  traced  in  the  case  of  sub- 
stances which  impart  a colour  to  the  solu- 
tion, such  colour  being  often  removed 
by  the  charcoal ; if  port  wine  or  infusion  of  logwood  be  shaken  with 
powdered  charcoal  (especially  if  the  latter  has  been  recently  heated 


Fig.  62. — Filtration. 
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to  redness  in  a closed  crucible),  the  liquid,  when  filtered  through  blot- 
ting-paper (fig.  62),  will  be  found  to  have  lost  its  colour;  the  colouring 
matter,  however,  seems  merely  to  have  adhered  to  the  charcoal,  for  it 
may  be  extracted  from  the  latter  by  treatment  with  a weak  alkaline 
liquid. 

The  decolorising  power  of  wood  charcoal  is  very  feeble  in  comparison 
with  that  possessed  by  bone-black  or  animal  charcoal,  which  is  ob- 
tained by  heating  bones  in  vessels  from  which  the  air  is  excluded. 
Bones  are  composed  of  about  one-third  of  animal  and  two-thirds  of 
mineral  substances,  the  latter  including  calcium  phosphate,  which 
amounts  to  more  than  half  the  weight  of  the  bone,  and  a little  calcium 
carbonate.  When  bone  is  heated,  as  in  a retort,  so  that  air  is  not 
allowed  to  have  free  access  to  it,  the  animal  matter  undergoes  destructi\  e 
distillation,  its  elements — carbon,  hydrogen,  nitrogen,  and  oxygen 
assuming  other  forms,  the  greater  part  of  the  three  last  elements,  togetliei 
with  a portion  of  the  carbon,  escaping  in  different  gaseous  and  vaporous 
products,  while  a considerable  proportion  of  the  carbon  remains  behind, 
intimately  mixed  with  the  earthy  ingredients  of  the  bone,  and  con- 
stituting the  substance  known  as  animal  charcoal.  The  great  differ- 
ence between  the  products  of  the  destructive  distillation  of  bone  and 
of  wood  deserves  a passing  notice.  If  a fragment  of  bone  or  a shaving 
of  horn  be  heated  in  a glass  tube  closed  at  one  end,  the  vapours  winch 
are  evolved  will  be  found  strongly  alkaline  to  test-papers,  while  those 
furnished  by  the  wood  were  acid;  this  difference  is  to  be  ascribed 
mainly  to  the  presence  of  nitrogen  in  the  bone,  wood  being  nearly  free 
from  that  element ; it  will  be  found  to  hold  good,  as  a general  rule, 
that  the  results  of  the  destructive  distillation  of  animal  and  vegetable 
matters  containing  much  nitrogen  are  alkaline,  from  the  presence  of 
ammonia  (Nil)  and  similar  compounds,  while  those  furnished  by  non- 
nitrogenised  substances  possess  acid  characters  : the  peculiar  odour  which 
is  emitted  by  the  heated  bone  is  characteristic,  and  affords  us  a test  b}_ 
which  to  distinguish  roughly  between  nitrogenised  and  non-mtrogemsed 


An  examination  of  the  charred  mass  remaining  as  the  ultimate  result 
of  the  action  of  heat  upon  bone,  shows  it  to  contain  much  less  carbon 
than  that  furnished  by  wood,  for  the  bone  charcoal  contains  nearly  nine- 
tenths  of  its  weight  of  phosphate  (with  a little  carbonate)  of  calcium, 
the  consequence  of  the  presence  of  so  large  an  amount  of  earthy  mattei 
must  be  to  extend  the  particles  of  carbon  over  a larger  space,  and  ius 
to  expose  a greater  surface  for  the  adhesion  of  colouring  matters  &c. 
This  may  partly  help  to  explain  the  very  great  superiority  of  bone-black 
to  wood  charcoal  as  a decolorising  agent,  and  the  explanation  dexuves 
support  from  the  circumstance,  that  when  animal  charcoal  is  deprived 
of  jts  earthy  matter,  for  chemical  uses,  by  washing  with  hydrochloric 
acid  its  decolorizing  power  is  very  considerably  reduced.  The  applicat 
of  this  variety  of  charcoal  is  not  confined  to  the  chemical  laboratory, 
but  extends  to  manufacturing  processes.  The  sugar 

his  syrup  by  filtering  it  through  a layer  of  animal  charcoal,  and  the 
distiller  employs  charcoal  to  remove  the  fousel  oil  with  which  distilled 

Kf.  f itS  “Eie” 

to  enter  directly  into  combination  with  the  other  elements,  whence 
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follows  that  most  of  the  compounds  of  carbon  have  to  be  obtained  by 
indirect  processes.  This  element  appears,  indeed,  to  be  incapable  of 
uniting  with  any  other  at  the  ordinary  temperature,  and  this  circum- 
stance is  occasionally  turned  to  useful  account,  as  when  the  ends  of 
wooden  stakes  are  charred  before  being  plunged  into  the  earth,  when 
the  action  of  the  atmospheric  oxygen,  which,  in  the  presence  of  moisture, 
would  be  very  active  in  effecting  the  decay  of  the  wood,  is  resisted  by 
the  charcoal  into  which  the  external  layer  has  been  converted.  The  em- 
ployment of  black-lead  to  protect  metallic  surfaces  from  rust  is  another 
application  of  the  same  principle.  At  a high  temperature,  however, 
carbon  combines  readily  with  oxygen,  sulphur,  and  with  some  of  the 
metals,  and,  at  a very  high  temperature,  even  with  hydrogen  and 
nitrogen.  The  tendency  of  carbon  to  combine  with  oxygen  under  the 
influence  of  heat,  is  shown  when  a piece  of  charcoal  is  strongly  heated 
at  one  point,  when  the  carbon  at  this  point  at  once  combines  with  the 
oxygen  of  the  surrounding  air  (forming  carbonic  acid  gas),  and  the  heat 
developed  by  this  combustion  raises  the  neighbouring  particles  of  carbon 
to  the  temperature  at  which  the  element  unites  with  oxygen,  and  thus 
the  combustion  is  gradually  propagated  throughout  the  mass,  which  is 
ultimately  converted  entirely  into  carbonic  acid  gas,  nothing  remaining 
but  the  white  ash,  composed  of  the  mineral  substances  derived  from  the 
wood  employed  for  preparing  the  charcoal.  It  is  worthy  of  remark,  that 
if  charcoal  had  been  a better  conductor  of  heat,  it  would  not  have  been 
so  easily  kindled,  since  the  heat  applied  to  any  point  of  the  mass  would 
have  been  rapidly  diffused  over  its  whole  bulk,  and  this  point  could  not 
have  attained  the  high  temperature  requisite  for  its  ignition,  until  the 
whole  mass  had  been  heated  nearly  to  the  same  degree  ; this  is  actually 
found  to  be  the  case  in  charcoal  which  has  been  very  strongly  heated 
{out  of  contact  with  air),  when  its  conducting  power  is  greatly  improved, 
and  it  kindles  with  very  great  difficulty.  The  calorific  value  of  carbon 
in  the  form  of  wood  charcoal  is  represented  by  the  number  8080,  that 
is,  1 gr.  of  carbon,  when  burnt  so  as  to  form  carbonic  acid  gas,  is  capable 
of  raising  8080  grs.  of  water  from  o°  C.  to  1°  C. 

A given  weight  of  charcoal  will  produce  twice  as  much  available  heat 
as  an  equal  weight  of  wood,  since  the  former  contains  more  actual  fuel 
and  less  oxygen,  and  much  of  the  heat  evolved  by  the  wood  is  absorbed 
or  rendered  latent  in  the  steam  and  other  vapours  which  are  produced 
by  the  action  of  heat  upon  it.  The  attraction  possessed  by  carbon  for 
oxygen  at  a high  temperature  is  turned  to  account  in  metallurgic 
operations,  when  coal  and  charcoal  are  employed  for  extracting  the 
metals  from  their  compounds  with  oxygen.* 

The  unchangeable  solidity  of  carbon  is  another  remarkable  feature. 
It  is  stated  that  some  approach  has  been  made,  at  extremely  high 
temperatures,  to  the  fusion  and  vaporisation  of  carbon,  but  it  cannot 
be  said  to  have  been  fairly  established  that  this  element  is  able  to  exist 
in  any  other  than  the  solid  form.  1ST  or  can  any  substance  be  found  by 
the  aid  of  which  carbon  may  be  brought  into  the  liquid  form  by  the 
process  of  solution  ; for  although  charcoal  gi’adually  disappears  when 
boiled  with  sulphuric  and  nitric  acids,  it  does  not  undergo  a simple 

3 Easily  reducible  oxides,  such  as  oxide  of  lead,  give  carbon  dioxide  when  heated  with 
charcoal ; 2PbO  + C=Pb2  + 002,  but  oxides  which  are  not  easily  reducible,  such  as  oxide 
of  zinc,  give  carbonic  oxide;  ZnO  + 0 = CO  + Zn. 
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solution,  but  is  converted,  as  will  be  seen  hereafter,  into  carbon 
dioxide. 

The  very  striking  difference  in  properties  exhibited  by  diamond, 
graphite,  and  charcoal,  lead  to  the  belief  that  they  consist  of  dissimilar 
carbon  molecules.  The  investigation  of  the  specific  heats  of  these  three 
varieties  affords  some  grounds  for  the  belief  that  the  diamond  molecule 
consists  of  four  atoms,  the  graphite  molecule  of  three  atoms,  and  the 
charcoal  molecule  of  two  atoms  of  carbon. 

When  an  element  is  capable  of  appearing  in  two  or  more  forms, 
having  different  physical  properties, these  forms  are  said  to  be  allotropic. 

(Definition. — Allotropy  is  the  assumption  of  different  properties 
without  loss  of  chemical  identity.) 

Such  cases,  like  those  of  isomerism  among  the  compounds  of  carbon 
(see  Organic  Chemistry'),  will  probably  be  explained  by  differences  in 
the  position  and  arrangement  of  the  atoms  in  the  molecule. 


Pure  carbon  is  prepared  with  some  difficulty  ; the  charcoal  obtained  by  heating 
some  pure  organic  substance  containing  C,  H,  and  O,  such  as  white  sugar-candy, 
in  a closed  crucible,  is  heated  in  a porcelain  tube,  as  strongly  as  possible,  m a 
current  of  dry  chlorine  gas  until  no  more  HC1  is  produced.  The  residue  m the 
tube  is  nearly  pure  carbon. 

54.  Coal. — The  various  substances  which  are  classed  together  under 
the  name  of  coal  are  characterised  by  the  presence  of  carbon  as  a laigely 
predominant  constituent,  associated  with  smaller  quantities  of  hydrogen, 
oxygen,  nitrogen,  sulphur,  and  certain  mineral  matters  which  compose 
the  ash.  Coal  appears  to  have  been  formed  by  a peculiar  decomposition 
or  fermentation  of  buried  vegetable  matter,  resulting  in  the  separation 
of  a large  proportion  of  its  hydrogen  in  the  form  of  marsh-gas  (CH4), 
and  similar  compounds,  and  of  its  oxygen  in  the  form  of  carbonic  acic 
gas  (CO.,),  the  carbon  accumulating  in  the  residue.  Thus,  cellulose 
(C6H10O.),  which  constitutes  the  bulk  of  woody  fibre,  might  be  imagined 
to  decompose  according  to  the  equation  2CcH10O5  = 5CH  + 5 CO*  + C 
and  the  occurrence  of  marsh-gas,  and  of  the  paraffin  hydrocarbons  o 
similar  composition,  as  well  as  of  carbonic  acid  gas,  in  connexion  with 
deposits  of  coal,  supports  this  account  of  its  formation.  Marsh-gas 
and  carbonic  acid  gas  are  the  ordinary  products  of  the  fermentation  ot 
vegetable  matter,  and  a spontaneous  carbonisation  is  often  witnessed  m 
the  “ heating  ” of  damp  hay.  But  just  as  the  action  of  heat  upon  w 001 
produces  a charcoal  containing  small  quantities  of  the  other  organic 
elements,  so  the  carbonising  process  by  which  the  plants  have  been 
transformed  into  coal  has  left  behind  some  of  the  hydrogen,  oxygen, 
and  nitrogen;  the  last,  as  well  probably  as  a little _ ot  the  sulphur, 
having  been  derived  from  the  vegetable  albumen  and  similar  substances 
which  are  always  present  in  plants.  The  chief  part  of  the  sulphur  is 
generally  present  in  the  form  of  iron  pyrites  (FeS5),  derived  from  some 
extraneous  source.  The  examination  of  a peat-bog  is  veiy  ms  rue  r\e 
with  reference  to  the  formation  of  coal,  as  affording  examples  o 
vegetable  matter  in  every  stage  of  decomposition,  from  that  111  w hie  1 
the  organised  structure  is  still  clearly  visible,  to  the  black  carbonaceous 
mass  which  only  requires  consolidation  by  pressure  m order  to  resemble 
a true  coal.  In  some  cases  an  important  part  in  the  formation  of  coal 
may  have  been  played  by  slow  oxidation  or  decay  of  the  vegetable 
matter  at  the  expense  of  atmospheric  oxygen  held  in  solution  by  vate  , 
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since  the  hydrogen  of  the  compound  would  be  removed  by  oxidation 
taking  place  at  a low  temperature,  giving  rise  to  a gradual  increase  in 
the  percentage  of  carbon. 

The  three  principal  varieties  of  coal — lignite,  bituminous  coal,  and 
anthracite — present  us  with  the  material  in  different  stages  of  carbonisa- 
tion; the  lignite,  or  brown  coal,  presenting  indications  of  organised 
structure,  and  containing  considerable  proportions  of  hydrogen  and 
oxygen,  while  anthracite  often  contains  little  else  than  carbon  and  the 
mineral  matter  or  ash.  The  following  table  shows  the  progressive 
diminution  in  the  proportions  of  hydrogen  and  oxygen  in  the  passage 
from  wood  to  anthracite  : — 


Carbon. 

Hydrogen. 

Oxygen. 

Wood 

. ioo 

I2.l8 

83.07 

Peat 

. IOO 

9-85 

55-67 

Lignite 

. IOO 

8-37 

42.42 

Bituminous  coal 

. IOO 

6. 12 

21.23 

Anthracite 

. IOO 

2.84 

I.74 

The  combustion  of  coal  is  a somewhat  complex  process,  in  consequence 
of  the  re-arrangement  which  its  elements  undergo  when  the  coal  is  sub- 
jected to  the  action  of  heat. 

As  soon  as  a flame  is  applied  to  kindle  the  coal,  the  heated  portion 
undergoes  destructive  distillation,  evolving  various  combustible  gases 
and  vapours,  which  take  fire  and  convey  the  heat  to  remoter  portions  of 
the  coal.  Whilst  the  elements  of  the  exterior  portion  of  coal  are  under- 
going combustion,  the  heat  thus  evolved  is  submitting  the  interior  of 
the  mass  to  destructive  distillation,  resulting  in  the  production  of 
various  compounds  of  carbon  and  hydrogen.  Some  of  these  products, 
such  as  marsh-gas  (CTI4)  and  olefiant  gas  (C2H4),  burn  without  smoke, 
while  others,  like  benzene  (C6H6)  and  naphthalene  (C10IT8),  which  con- 
tain a very  large  proportion  of  carbon,  undergo  partial  combustion,  and 
a considerable  quantity  of  carbon,  not  meeting  with  enough  heated 
oxygen  in  the  vicinity  to  burn  it  entirely,  escapes  in  a very  finely 
divided  state  as  smoke  or  soot,  which  is  deposited  in  the  chimney,  mixed 
with  a little  ammonium  carbonate  and  small  quantities  of  other  products 
of  the  distillation  of  coal.  When  the  gas  has  been  expelled  from  the 
coal,  there  remains  a mass  of  coke  or  cinder,  which  burns  with  a steady 
glow  until  the  whole  of  its  carbon  is  consumed,  and  leaves  an  ash,  con- 
sisting of  the  mineral  substances  present  in  the  coal.  The  final  results 
of  the  perfect  combustion  of  coal  would  be  carbonic  acid  gas  (CO„), 
water  (H20),  nitrogen,  a little  sulphurous  acid  gas  (S02),  and  ash. 
The  production  of  smoke  in  a furnace  supplied  with  coal  may  be 
prevented  by  charging  the  coal  in  small  quantities  at  a time  in  front 
of  the  fire,  so  that  the  highly  carbonaceous  vapours  must  come  in  contact 
with  a large  volume  of  heated  air  before  reaching  the  chimney.  In 
arrangements  for  consuming  the  smoke,  hot  air  is  judiciously  admitted 
at  the  back  of  the  fire,  in  order  to  meet  and  consume  the  heated 
carbonaceous  particles  before  they  pass  into  the  chimney. 

The  difference  in  the  composition  of  the  sevei’al  varieties  of  coal  gives 
rise  to  a great  difference  in  their  mode  of  burning. 

The  following  table  exhibits  the  composition  of  representative  speci- 
mens of  the  four  principal  varieties  : — 
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Composition 

of  Goal. 

Lignite. 

Bituminous 

Coal. 

Wigan  Cannel. 

Anthracite 

• • Carbon  . 

66.32 

78.57 

80.06 

9°-39 

Hydrogen 

5-63 

5-29 

5-53 

3.28 

• Nitrogen 

0.56 

1.84 

2.12 

0.83 

Oxygen  . 

22.86 

12.88 

8.09 

2.98 

Sulphur  . 

2.36 

0-39 

1.50 

0.91 

Ash  * 

2.27 

1.03 

2.70 

1. 61 

100.00 

100.00 

100.00 

100.00 

The  lignites  furnish  a much  larger  quantity  of  gas  under  the  action 
of  heat  (and  therefore  burn  with  more  flame  than  the  other  varieties), 
leaving  a coke  which  retains  the  form  of  the  original  coal ; while  bitu- 
minous coal  softens  and  cakes  together, — a useful  property,  since  it 
allows  even  the  dust  of  such  coal  to  be  burnt,  if  the  fire  be  judiciously 
managed.  Anthracite  ( stone  coal  or  Welsh  coal)  is  much  less  easily 
combustible  than  either  of  the  others,  and,  since  it  yields  but  little  gas 
when  heated,  it  usually  burns  with  little  flame  or  smoke.  This  variety 
of  coal  is  so  compact  that  it  will  not  usually  burn  in  ordinary  grates, 
but  is  much  employed  for  furnaces.  (See  Chemistry  of  Fuel.) 

Jet  resembles  cannel  coal  in  composition. 

Accidents  occasionally  arise  from  the  spontaneous  combustion  of  coal, 
especially  when  shipped  in  a damp  state.  This  appears  to  be  due,  in 
some  cases,  to  the  development  of  heat  by  the  action  of  atmospheric 
oxygen  on  the  iron  pyrites  or  coal-brasses  contained  in  the  coal.  Some- 
times the  coal  itself  may  be  capable  of  slow  combination  with  oxygen, 
and  unless  due  provision  be  made  for  the  escape  of  the  heat,  its  accu- 
mulation may  raise  the  temperature  to  a dangerous  degree. 

55.  Carbon  is  capable  of  combining  with  oxygen  in  two  proportions, 
forming  the  compounds  known  as  carbonic  oxide  or  carbon  monoxide 
(CO)  and  carbon  dioxide  (CO,). 

Carbon  Dioxide  or  Carbonic  Acid  Gas. 

CO,  = 44  parts  by  weight  = 2 vols.  44  grammes  = 22.32  litres. 

56.  It  has  been  already  mentioned  that  carbonic  acid  gas  is  a com- 
ponent of  the  atmosphere,  which  usually  contains  about  3.5  volumes  of 
carbonic  acid  gas  in  10000  volumes  of  air.  The  proportion  is  less  at 
high  altitudes.  Thus,  at  395  metres  above  sea-level,  the  air  contained 
3.13  vols.  in  10000;  at  1446  metres,  2.03  vols.;  and  at  1884  metres, 
1.72  vol.  It  is  greater  during  the  night  than  in  the  day,  since  plants 
only  decompose  carbon  dioxide  in  daylight,  and  actually  exnale  it 
during  the  night.  The  oleander  leaf  was  found  to  decompose,  on  .111 
average,  in  sunlight,  1 108  cubic  centimetres  (67.6  cubic  inches)  of  CO, 
per  square  metre  (about  1 1 square  feet)  of  leaf -surface,  per  houi  , but, 
in  the  dark,  the  same  surface  emitted  70  c.c.  (4.27  cub.  in.)  of  CO,  pei 
hour.  Flowers,  even  in  daylight,  absorb  oxygen  and  evolve  CO,. 

The  proportion  of  CO,  does  not  vary  materially  in  the  neigh  boui 
hood  of  a town. 


* The  ash  of  coal  consists  chiefly  of  silica,  alumina,  and  peroxide  of  iron.  When  lime 
is  present  in  the  ash,  it  is  liable  to  fuse  into  a rough  glass  or  clinker  which  adheres  to  the 
grate-bars  and  causes  much  inconvenience. 
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Carbonic  acid  gas  is  chiefly  formed  by  the  operation  of  the  atmo- 
spheric oxygen  in  supporting  combustion  and  respiration.  All  sub- 
stances used  as  fuel  contain  a large  proportion  of  carbon,  which,  in 
the  act  of  combustion,  combines  with  the  oxygen,  and  escapes  into 
the  atmosphere  in  the  form  of  carbonic  acid  gas.  In  the  process  of 
respiration,  the  carbonic  acid  gas  is  formed  from  the  carbon  contained 
in  the  different  portions  of  the  animal  frame  to  which  oxygen  is  con- 
veyed by  the  blood ; the  latter,  in  passing  through  the  lungs,  gives 
out,  in  exchange  for  the  oxygen,  a quantity  of  carbonic  acid  gas  pro- 
duced by  the  union  of  a former  supply  of  oxygen  with  the  carbon 
of  the  different  organs  to  which  the  blood  is  supplied,  which,  as  they 
are  constantly  corroded  and  destroyed  by  this  oxidising  action  of  the 
blood,  are  repaired  by  the  supply  of  food  taken  into  the  body.  This 
conversion  of  carbon  of  the  organs  into  carbonic  acid  gas  will  be 
again  referred  to ; it  will  be  at  once  evident  that  it  must  be  concerned 
in  the  maintenance  of  the  animal  heat. 

The  leaves  of  plants,  under  the  influence  of  light,  have  the  power  of 
decomposing  the  carbonic  acid  gas  of  the  atmosphere,  the  carbon  of 
which  is  applied  to  the  production  of  vegetable  compounds  forming 
portions  of  the  organism  of  the  plant,  and  when  this  dies,  the  carbon 
is  restored,  after  a lapse  of  time  more  or  less  considerable,  to  the  atmo- 
sphere, in  the  same  form,  namely,  that  of  carbonic  acid  gas,  in  which  it 
originally  existed  there.  If  a plant  should  have  been  consumed  as 
food  by  animals,  its  carbon  will  have  been  eventually  converted  into 
carbonic  acid  gas  by  respiration ; the  use  of  the  plant  as  fuel,  either 
soon  after  its  death  (wood),  or  after  the  lapse  of  time  has  converted  it 
into  coal,  will  also  consign  its  carbon  to  the  air  in  the  form  of  carbonic 
acid  gas.  Even  if  the  plant  be  left  to  decay,  this  process  involves  a 
slow  conversion  of  its  carbon  into  carbonic  acid  gas  by  the  oxygen  of 
the  air. 

Putrefaction  and  fermentation  are  also  very  important  processes 
concerned  in  restoring  to  the  air,  in  the  form  of  carbonic  acid  gas,  the 
carbon  contained  in  dead  vegetable  and  animal  matter.  Although,  in 
a popular  sense,  these  two  processes  are  distinct,  yet  their  chemical 
operation  is  of  the  same  kind,  consisting  in  the  resolution  of  a complex 
substance  into  simpler  forms,  produced  by  contact  with  some  minute 
living  plant  or  animal.  The  discussion  of  the  true  nature  of  the  pro- 
cess (which  is  even  now  somewhat  obscure)  would  be  premature  at 
this  stage,  and  it  will  suffice  for  the  present  to  state  that  carbonic  acid 
gas  is  one  of  the  simpler  forms  into  which  the  carbon  is  converted  by 
the  metamorphosis  which  ensues  so  quickly  upon  the  death  of  animals 
and  vegetables. 

The  production  of  carbonic  acid  gas  in  combustion,  respiration,  and  fermen- 
tation, may  be  very  easily  proved  by  experiment.  If  a dry  bottle  be  placed  over  a 
burning  wax  taper  standing  on  the  table,  the  sides  of  the  bottle  will  be  covered 
with  dew  from  the  combustion  of  the  hydrogen  in  the  wax  ; and  if  a little  clear 
lime-water  be  shaken  in  the  bottle,  the  milky  deposit  of  calcium  carbonate  will 
indicate  the  formation  of  the  carbonic  acid  gas. 

By  arranging  two  bottles,  as  represented  in  fig.  63,  and  inspiring  through  the 
tube  A,  air  will  bubble  through  the  lime-water  in  B,  before  entering  the  lungs, 
and  will  then  be  found  to  contain  too  little  carbonic  acid  gas  to  produce  a milki- 
ness, but  on  expiring  the  air,  it  will  bubble  through  C,  and  will  render  the  lime- 
water  in  this  bottle  very  distinctly  turbid. 

If  a little  sugar  be  dissolved  in  eight  or  ten  times  its  weight  of  warm  (not  hot) 
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water,  in  the  flask  A (fig.  64),  and  a little  dried  yeast,  previously  rubbed  down 
with  water,  added,  fermentation  will  commence  in  the  course  of  an  hour  or  less, 
and  carbonic  acid  gas  may  be  collected  in  the  jar  B. 


Fig.  63.  FiS-  64- 

57.  In  the  mineral  kingdom,  carbon  dioxide  is  pretty  abundant. 
The  gas  issues  from  the  earth  in  some  places  in  considerable  quantity, 
as  at  Nauheim,  where  there  is  said  to  be  a spring  exhaling  about 
1,000,000  lbs.  of  the  gas  annually.  Many  spring  waters,  those  of 
Seltzer  and  Pyrmont,  for  example,  are  very  highly  charged  with  the 
gas. 

Carbonic  acid  gas  is  found  in  the  air  of  soils  in  larger  proportion 
than  in  the  atmosphere,  sometimes  amounting  to  16  vols.  in  10,000. 
It  increases  with  the  temperature,  and  appears  to  originate  from  some 
of  the  lowest  forms  of  animal  life.  _ . 

But  it  occurs  in  far  larger  quantity  in  the  immense  deposits  of 
limestone,  marble,  and  chalk,  which  compose  so  large  a portion  of  the 
crust  of  the  globe.  Calcium  carbonate  is  also  met  with  in  the  animal 
kingdom.  Oyster-shells  contain  98  per  cent,  and  egg-shells  97  per  cent, 
of  it,  and  pearls  contain  about  two-thirds  of  their  weight. 

The  expulsion  of  the  carbonic  acid  gas  from  limestone  (CaC03)  foims 
the  object  of  the  process  of  lime  burning,  by  which  the  large  supply  of 
lime  (CaO)  is  obtained  for  building  and  other  purposes.  But  if  it  be 
required  to  obtain  the  carbonic  acid  gas  without  regard  to  the  lime,  it 
is  better  to  decompose  the  carbonate  with  an  acid. 

Preparation  of  carbonic  acid  gas. — The  form  of  the  calcium  car- 
bonate, and  the  nature  of  the  acid  employed,  are  by  no  means  matteis 
of  indifference.  If  dilute  sulphuric  acid  be  poured  upon  frag- 
ments of  marble,  the  effervescence  which  occurs  at  first  soon  ceases, 
for  the  surface  of  the  marble  becomes  coated  with  the  nearly  inso- 
luble calcium  sulphate,  by  which  it  is  protected  from  the  further 
action  of  the  acid — 

CaC03  + H„S04  = CaSO.,  + H20  + C02; 

Marble.  Sulphuric  Sulphate 

acid.  of  lime.  ..  . i 

if  the  marble  be  finely  powdered,  or  if  powdered  chalk  be  employed 
each  particle  of  the  carbonate  will  be  acted  upon.  When  lumps  of 
calcium  carbonate  are  acted  upon  by  hydrochloric  acid,  there  is  no 
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danger  that  any  will  escape  the  action  of  the  acid,  for  the  calcium 
chloride  produced  is  one  of  the  most  soluble  salts — 


CaCOs  + 2HCI  = CaCl2  + HaO  + CO., 

Marble.  Hydrochloric  Calcium 
acid.  chloride. 


For  the  ordinary  purposes  of  experiment,  carbonic  acid  gas  is  most 
easily  obtained  by  the  action  of  diluted  hydrochloric  acid  upon  small 

fragments  of  marble  (fig.  65),  the  latter 
being  covered  with  water,  and  hydrochloric 
acid  poured  in  through  the  funnel-tube. 
The  gas  may  be  collected  by  downward 
displacement. 

58.  Properties  of  carbon  dioxide. — Car- 
bonic acid  gas  is  invisible,  like  the  gases 
already  examined,  but  is  distinguished  by 
a peculiar  pungent  odour,  as  is  perceived 
in  soda-water.  It  is  more  than  half  as 


Rig  • 65. — Preparation  of  carbonic  heavy  again  as  atmospheric  air,  its  specific 
aci  gas.  gravity  being  1.529,  which  causes  its  accu- 

mulation near  the  floor  of  such  confined  spaces  as  the  Grotto  del  Cane, 
where  it  issues  from 
fissures  in  the  rock. 


The  high  specific  gra- 
vity of  carbonic  acid 
gas  may  be  shown  by 
pouring  it  into  a light 
jar  attached  to  a 
balance,  and  counter- 
poised by  a weight  in 
the  opposite  scale  (fig. 

66.) 

Another  favourite  il- 
lustration consists  in 
floating  a soap-bubble 
on  the  surface  of  a layer 
of  the  gas  generated  in 
the  large  jar  (fig.  67),  by 
pouring  diluted  sulphu- 
ric acid  upon  a few 
ounces  of  chalk  made 
into  a thin  cream  with 
water. 

If  a small  balloon, 
made  of  collodion,  be 
placed  in  the  jar  A (fig. 

68),  it  will  ascend  on 
the  admission  of  carbonic  acid  gas  through  the 
tube  B. 

If  smouldering  brown  paper  be  held  at  the 
mouth  of  a jar,  like  that  in  fig.  68,  the  smoke 
will  float  upon  the  surface  of  the  carbonic  acid 
gas,  and  will  sink  with  it  on  removing  the 
stopper. 

The  power  which  carbonic  acid  gas 
possesses  of  extinguishing  flame  is  very 
important,  and  has  received  practical 
application  in  the  case  of  burning  mines 


which  must  otherwise  have  been  flooded 


Rig.  67. 
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with  water.*  Many  attempts  have  also  been  made  from  time  to  time 
to  employ  this  gas  for  subduing  ordinary  conflagrations,  hut  their 


Pig.  68. 


Fig.  69. 


success  has  hitherto  been  very  partial.  It  will  he  remembered  that  pure 
nitrogen  is  also  capable  of  extinguishing  the  flame  of  a taper,  but  a 
large  proportion  of  this  gas  may  be  present  in  air  without  affecting  the 
flame,  whereas  a taper  is  extinguished  in  air  containing  one-eighth  of 
its  volume  of  carbonic  acid  gas,  and  is  sensibly  diminished  in  brilliancy 
by  a much  smaller  proportion  of  the  gas. 

The  power  of  extinguishing  flame,  conjoined  with  the  high  density  of  carbonic 
acid  gas,  admits  of  some  very  interesting  illustrations. 

Carbonic  acid  gas  may  be  poured  from  some  distance  upon  a candle,  and  wii 

extinguish  it  at  once.  By  employing  a gutter,  made 
of  thin  wood  or  stiff  paper,  to  conduct  the  gas  to  the 
flame,  it  may  be  extinguished  from  a distance  of 
SGVGrcll  f GGti 

A large  torch  of  blazing  tow  may  be  plunged 
beneath'"  the  surface  of  the  carbonic  acid  gas  in 

the  jar  (fig.  67).  . . , , . . 

Carbonic  acid  gas  may  be  raised  in  a glass  bucket 
(fig.  69)  from  a large  jar,  and  poured  into  another 
jar,  the  air  in  which  has  been  previously  tested  with 

A wire  stand  with  several  tapers  fixed  at  different 
levels  may  be  placed  in  the  jar  A (fig.  70),  and  car- 
bonic acid  gas  gradually  admitted  through  a flexible 
tube  connected  with  the  neck  of  the  jar,  from  t e 
cistern  B,  a hole  in  the  cover  of  which  allows  air  to 
enter  it  as  the  gas  flows  out ; the  flame  of  each 
taper  will  gradually  expire  as  the  surface  of  the  gas 

rises  in  the  jar.  , * 

A jar  of  oxygen  may  be  placed  over  a,  jar  of  cai- 

bonic  acid  gas,  as  shown  in  fig.  53,  and  a,  tapei  e 
down  through  the  oxygen,  in  which  it  will  burn  bnl- 
acid  gas,  which  extinguishes  it,  and  if  it  be  quicklj 


Fig.  70. 

Liantly,  into  the  carbonic 


* All  gases  which  take  no  part  in  combustion  may 
ence  of  air,  by  absorbing  heat  and  reducing  the  temperature  below  the  burning  point. 
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Fig.  71. 


raised  again  into  the  oxygen,  it  will  rekindle  with  a slight  detonation.  This 
alternate  extinction  and  rekindling  may  be  repeated  several  times. 

On  account  of  this  extinguishing  power  of  carbonic  acid  gas,  a taper 
cannot  continue  to  burn  in  a confined  portion  of  air  until  it  has 
exhausted  the  oxygen,  but  only  until  its  combustion  has  produced  a 
sufficient  quantity  of  carbon  dioxide  to  extinguish  the  flame.* 

To  demonstrate  this,  advantage  may  be  taken  of  the  circumstance  that  phos- 
phorus will  continue  to  burn  in  spite  of  the  presence  of  carbonic  acid  gas.  Upon 
the  stand  A (fig.  71)  a small  piece  of  phosphorus  is  placed,  and  a taper  is  attached 
to  the  stand  by  a wire.  The  cork  B fits  air-tight  into  the 
jar,  and  carries  a piece  of  copper  wire  bent  so  that  it  may 
be  heated  by  the  flame  of  the  taper.  A little  water  is 
poured  into  the  plate  to  prevent  the  entrance  of  any 
fresh  air.  If  the  taper  be  kindled,  and  the  jar  placed 
over  it,  the  flame  will  soon  die  out ; and  on  moving  the 
jar  so  that  the  hot  wire  may  touch  the  phosphorus,  its 
combustion  will  show  that  a considerable  amount  of 
oxygen  still  remains. 

In  the  same  manner,  an  animal  can  breathe  a 
confined  portion  of  air  only  until  he  has  charged 
it  with  so  much  carbonic  acid  gas  that  the  hurtful  effect  of  this  gas. 
begins  to  be  felt,  a considerable  quantity  of  oxygen  still  remaining. 

If  the  air  contained  in  the  jar  A (fig.  72),  standing  over  water,  be  breathed  two 
or  three  times  through  the  tube  B,  a painful  sense  of  oppression  will  soon  be  felt 
in  consequence  of  the  accumulation  of  car- 
bonic acid  gas.  The  air  may  thus  be  charged 
with  10  volumes  of  carbonic  acid  gas  in  100 
volumes,  the  oxygen  becoming  reduced  to 
about  one-half  its  original  quantity.  By 
immersing  a deflagrating  spoon  C,  containing 
a piece  of  burning  phosphorus,  and  having  a 
lighted  taper  attached,  it  may  be  shown  that, 
although  there  is  enough  carbonic  acid  gas 
to  extinguish  the  taper,  the  oxygen  is  not 
exhausted,  for  the  phosphorus  continues  to 
burn  rapidly. 

Carbonic  acid  gas  is  not  poisonous 
when  taken  into  the  stomach,  but  acts 
most  injuriously  when  breathed,  by 
offering  an  obstacle  to  that  escape  of 
carbonic  acid  gas,  by  diffusion,  from 
the  blood  of  the  venous  circulation  in 
the  lungs,  and  its.  consequent  replace- 
ment by  the  oxygen  necessary  to 
arterial  blood.  Any  hindrance  to  this 
interchange  must  impede  respiration,  and  such  hindrance  would,  of 
course,  be  afforded  by  carbonic  acid  gas  present  in  the  air  inhaled,  in 
proportion  to  its  quantity.  The  difference  in  constitution  and  tempera- 
ment in  individuals  makes  it  impossible  that  any  exact  general  rule 
shoidd  be  laid  down  as  to  the  precise  quantity  of  carbonic  acid  gas  which 
may  be  present  in  air  without  injury  to  respiration,  but  it  may  be 
safely  asserted  that  it  is  not  advisable  to  breathe  for  any  length  of  time 
in  air  containing  more  than  yaW^1  (o.i  Per  cent.)  of  its  volume  of  car- 
bonic acid  gas.  The  air  of  a room  contains  too  much  carbonic  acid  gas 

* When  the  taper  is  extinguished,  the  air  contains  in  100  volumes  18J  volumes  o£ 
oxygen  and  2}  volumes  of  carbonic  acid  gas. 
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if  half  a measured  ounce  of  lime-water  becomes  turbid  when  shaken  in 
a half-pint  bottle  of  the  air. 

There  appears  to  be  no  immediate  danger,  however,  until  the  carbonic 
acid  gas  amounts  to  ^^th  (0.5  per  cent.),  when  most  persons  are 
attacked  by  the  languor  and  headache  attending  the  action  of  this  gas. 

A larger  proportion  of  carbonic  acid  gas  produces  insensibility,  and  air 
containing  -O^-th  of  its  volume  causes  suffocation.  The  danger  in 
entering  old  wells,  cellars,  and  other  confined  places,  is  due  to  the 
accumulation  of  this  gas,  either  exhaled  from  the  earth  or  produced  by 
decay  of  organic  matter.  The  ordinary  test  applied  to  such  confined 
air  by  introducing  a candle  is  only  to  be  depended  upon  if  the  candle 
burns  as  brightly  in  the  confined  space  as  in  the  external  air ; should 
the  flame  become  at  all  dim,  it  would  be  unsafe  to  enter,  for  experience 
has  shown  that  combustion  may  continue  for  some  time  in  an  atmo- 
sphere dangerously  charged  with  carbonic  acid  gas. 

The  accidents  from  choice  damp  and  after  damp  in  coal  mines,  and 
from  the  accumulation,  in  brewers’  and  distillers’  vats,  of  the  carbonic 
acid  gas  resulting  from  fermentation,  are  also  examples  of  its  fatal 
effect. 

The  air  issuing  from  the  lungs  of  a man  at  each  expiration  contains 
from  3.5  to  4 volumes  of  carbonic  acid  gas  in  100  volumes  of  air,  and 
could  not,  therefore,  be  breathed  again  without  danger.  The  total 
amount  of  carbonic  acid  gas  evolved  by  the  lungs  and  skin  amounts  to 
about  0.7  cubic  foot  per  hour.  Adding  this  to  the  carbonic  acid  gas 
already  present  in  the  air,  the  total  should  be  distributed  throughout 
least  3300  cubic  feet,  in  order  that  it  may  be  bieathed  again  with 
perfect  safety,  that  is,  that  the  C02  should  not  exceed  0.06  per  cent,  by 
volume.  Hence  the  necessity  for  a constant  supply  of  fresh  air  by  ven- 
tilation, to  dilute  the  carbonic  acid  gas  to  such  an  extent  that  it  may 
cease  to  impede  respiration.  This  becomes  the  more  necessary  where 
an  additional  quantity  of  carbonic  acid  gas  is  supplied  by  candles  or  gas- 
lights. An  ordinary  gas  burner  consumes  at  least  3 cubic  feet  of  gas 
per  hour,  and  produces  about  1.7  cubic  foot  of  carbonic  acid  gas. 
Fortunately,  a natural  provision  for  ventilation  exists  in  the  01  cum  - 
stance  that  the  processes  of  respiration  and  combustion,  which  con- 
taminate the  air,  also  raise  its  temperature,  thus  diminishing  its  specific 
gravity  by  expansion,  and  causing  it  to  ascend  and  give  place  to  fiesli 
& air.  Hence  the  vitiated  air  always 

accumulates  near  the  ceiling  of  an 
apartment,  and  it  becomes  necessary 
to  afford  it  an  outlet  by  opening  the 
upper  sash  of  the  window,  since  the 
chimney  ventilates  immediately  only 
the  lower  part  of  the  room. 

These  principles  may  be  illustrated  by 
some  very  simple  experiments. 

Two  quart  jars  (fig.  73)  are  filled  with 
carbonic  acid  gas,  and  after  being  tested 
with  a taper,  a 4 oz.  flask  is  lowered  into 
each,  one  flask  containing  cold  and  the 
other  hot  water.  After  a few  minutes  the  jar  with  the  cold  flask  will  still  contain 
enough  carbonic  acid  gas  to  extinguish  the  taper,  whilst  the  air  in  the  other  jar 
will  support  combustion  brilliantly. 
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A tall  stoppered  glass  jar  (fig.  74)  is  placed  over  a stand,  upon  which  three 
lighted  tapers  are  fixed  at  different  heights.  The  vitiated  air,  rising  to  the  top 
of  the  jar,  will  extinguish  the  uppermost  taper  first,  and  the  others  in  succession. 
By  quickly  removing  the  stopper  and  raising  the  jar  a little  before  the  lowest 
taper  has  expired,  the  jar  will  be  ventilated  and  the  taper  revived. 


A similar  jar  (fig.  75),  with  a glass  chimney  fixed  into  the  neck  through  a cork 
or  piece  of  vulcanised  tubing,  is  placed  over  a stand  with  two  tapers,  one  of  which 
is  near  the  top  of  the  jar,  and  the  other  beneath  the  aperture  of  the  chimney  ; if 
a crevice  for  the  entrance  of  air  be  left  between  the  jar  and  the  table,  the  lower 
taper  will  continue  to  burn  indefinitely,  whilst  the  upper  one  will  soon  be  extin- 
guished by  the  carbonic  acid  gas  accumulating  around  it. 

In  ordinary  apartments,  the  incidental  crevices  of  the  doors  and 
windows  are  depended  upon  for  the  entrance  of  fresh  air,  whilst  the 
contaminated  air  passes  out  by  the  chimney;  but  in  large  buildings 
special  provision  must  be  made  for  the  two  air  currents.  In  mines 
this  becomes  the  more  necessary,  since  the  air  receives  much  additional 
contamination  by  the  gases  (marsh-gas  and  carbon  dioxide)  evolved 
from  the  workings,  and  by  the  smoke  occasioned  in  blasting  with 
gunpowder.  Mines  are  generally  provided  with  two  shafts  for  venti- 
lation, under  one  of  which  (the  upcast  shaft)  a fire  is  maintained  to 
produce  the  upward  current,  which  carries  off  the  foul  air,  whilst  the 
fresh  air  descends  by  the  other  ( downcast  shaft).  The  current  of  fresh 
air  is  forced  by  wooden  partitions  to  divide  itself,  and  to  pass  through 
every  portion  of  the  workings. 

The  operation  of  such  provisions  for  ventilation  is  easily  exhibited. 

A tall  jar  (fig.  76)  is  fitted  with  a ring  of  cork,  carrying  a wide  glass  chimney 
(A).  If  this  be  placed  over  a taper  standing  in  a plate  of  water,  the  accumulation 
of  vitiated  air  will  soon  extinguish  the  taper  ; but  if  a second  chimney  (B),  sup- 
ported in  a wire  ring,  be  placed  within  the  wide  chimney,  fresh  air  will  enter 
through  the  interval  between  the  two,  and  the  smoke  from  a piece  of  brown  paper 
will  demonstrate  the  existence  of  the  two  currents,  as  shown  by  the  arrows. 

A small  box  (fig.  77)  is  provided  with  a glass  chimney  at  each  end.  In  one  of 
these  (B),  representing  the  upcast  shaft,  a lighted  taper  is  suspended.  A piece  of 
smoking  brown  paper  may  be  held  in  each  chimney  to  show  the  direction  of  the 
current.  On  closing  A with  a glass  plate,  the  taper  in  B will  be  extinguished, 
the  entrance  of  fresh  air  being  prevented.  By  breathing  gently  into  A the  taper 
will  also  be  extinguished.  The  experiment  may  be  varied  by  pouring  carbon 
dioxide  and  oxygen  alternately  into  A,  when  the  taper  will  be  extinguished  and 
rekindled  by  turns. 


Fig.  74- 


rig.  75- 


Rig.  76. 
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SODA-WATER. 


A pint  bell-jar  (fig.  78)  is  placed  over  a taper  standing  in  a tray  of  watei.  If 
a chimney  (a  common  lamp-glass)  be  placed  on  the  top  of  the  jar,  the  ame  0 
the  taper  will  gradually  die  out,  because  no  provision  exists  for  the  establishment 
of  the  two  currents,  but  on  dropping  a piece  of  tinplate  or  cardboard  into  the 
chimney  so  as  to  divide  it,  the  taper  will  be  revived,  and  the  smoke  from  the 
brown  paper  will  distinguish  the  upcast  from  the  downcast  shaft. 


Fig.  78. 


If  a little  water  be  poured  into  a wicle-moutlied  bottle  of  carbonic 
acid  o-as  and  the  bottle  be  then  firmly  closed  by  the  palm  of  the  hand,  it 
will  be  found  on  shaking  the  bottle  violently,  that  the  gas  is  absorbed 
and  the  palm  of  the  hand  is  sucked  into  the  bottle.  The  presence  of 
carbonic  acid  in  the  solution  may  be  proved  by  pouring  it  into  lime- 
water  in  which  it  will  produce  a precipitate  of  calcium  carbonate, 
redissolved  by  a further  addition  of  the  solution  of  carbonic  acid. 

One  pint  of  water  shaken  in  a vessel  containing  carbonic  acid  gas,  at 
the  ordinary  pressure  of  the  atmosphere,  will  dissolve  about  one  pint  of 
the  gas,  equal  in  weight  to  nearly  iS  grains  If  the  gas  he  confined  m 
the  vessel  under  a pressure  equal  to  twice  or  thrice  that  of  the  atmosphere 
-that  is,  if  twice  or  thrice  the  quantity  of  gas  be  compressed  into  the 
same  space-the  water  will,  still  dissolve  one  pint  of  the  gas  but  the 
weight  of  this  pint  will  now  be  twice  or  thrice  that  of  the  pint  of  uncom- 
pressed gas,  so  that  the  water  will  have  dissolved  32  or  48  grains  of  the 
las  accordingly  as  the  pressure  had  been  doubled  or  trebled.  As  soon, 
Cever,  as  the  pressure  is  removed,  the  compressed  carbonic  acid  gas 
will  resume  its  former  state,  with  the  exception  o that  portion  winch 
the  water  is  capable  of  retaining  in  solution  under  the  ordinary  pressure 
i rcosnhere  Thus  if  the  water  had  been  charged  with  carbonic 
l u “as  unc £ pressure  equal  to  thrice  that  of  the  atmosphere,  and  had 
thei4ore  absorbed  4S  grains  of  the  gas,  it  would  only  retain  16  grains 
when  the  pressure  was  taken  off,  allowing  3s  grains  to  escape  in  minute 
bubbles  producing  the  appearance  known  os  effervescence.  This  afiords 
bubbles,  proci  g Apperties  of  soda-water,  which  is  prepared  by 

Swtg  -tor  lb  caKS  acid  gas  under  considerable,  pressure and 
rapidly  confining  it  in  strong  bottles.  As  soon  as  the  resistance  offeied 
bv  lbe  cork  to  the  expansion  of  the  gas  is  removed  the  excess  above 
that  which  the  water  can  hold  in  solution  at  the  ordinary  pressure  of 
fhf  ah  escapes  with  effervescence.  In  a similar  manner  the  waters  of 
certo  n springs  become  charged  with  carbonic  acid  gas,  under  high 
pressJ re  benLli  the  surface  of  the  earth,  and  when,  upon  their  rising 
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to  the  surface,  this  pressure  is  removed,  the  excess  escapes  with 
effervescence,  giving  rise  to  the  sparkling  appearance  and  sharp  flavour 
which  render  spring  water  so  agreeable.  On  the  other  hand,  the 
waters  of  lakes  and  rivers  are  usually  flat  and  insipid,  because  they 
hold  in  solution  so  small  a quantity  of  carbonic  acid  gas. 

The  solution  of  carbon  dioxide  in  water  is  believed  by  many  chemists 
to  contain  the  true  carbonic  acid  or  hydric  carbonate , H3COs,  for 
CO,  + H,0  - IT,CO„,  but  there  is  no  direct  evidence  in  support  of  this 
view. 

The  sparkling  character  of  champagne,  bottled  beer,  Ac.,  is  due  to  the 
pi'esence  in  these  liquids  of  a quantity  of  carbonic  acid  gas  which  has 
been  generated  by  fermentation,  subsequent  to  bottling,  and  has  there- 
fore been  retained  in  the  liquid  under  pressure.  In  the  case  of  Seidlitz 
powders  and  soda-water  powders,  the  effervescence  caused  by  dissolving 
them  in  water  is  due  to  the  disengagement  of  carbonic  acid  gas,  by  the 
action  of  the  tartaric  acid,  which  composes  one  of  the  powders,  upon 
the  bicarbonate  of  soda,  producing  tartrate  of  soda  and  carbonic  acid 
gas.  In  the  dry  state  these  powders  may  be  mixed  without  any  chemical 
change,  but  the  addition  of  water  immediately  causes  the  effervescence. 
Baking  powders  are  mixtures  of  this  kind,  being  used  for  imparting 
lightness  and  porosity  to  bread  and  cakes,  by  distending  the  dough 
with  bubbles  of  carbonic  acid  gas. 

The  solubility  of  carbonic  acid  in  water  is  of  great  importance  in  the 
chemistry  of  nature ; for  this  acid,  brought  down  from  the  atmosphere 
dissolved  in  rain,  is  able  to  act  chemically  upon  rocks,  such  as  granite, 
which  contain  alkalies — the  carbonic  acid  attacking  these,  and  thus 
slowly  disintegrating  or  crumbling  down  the  rock,  an  effect  much 
assisted  by  the  mechanical  action  of  the  expansion  of  freezing  water  in 
the  insterstices  of  the  rock.  It  appears  that  soils  are  thus  formed  by 
the  slow  degradation  of  rocks,  ancl  when  these  soils  ai’e  capable  of 
supporting  plants,  the  solution  of  carbonic  acid  is  again  of  service,  not 
only  as  a direct  food,  by  providing  the  plant  with  carbon  through  its 
roots,  but  as  a solvent  for  certain  portions  of  the  mineral  food  of  the 
plant  (such  as  calcium  phosphate),  which  pure  water  could  not  dissolve, 
and  which  the  plant  cannot  take  up  except  in  the  dissolved  state. 

59.  Liquefaction  of  carbonic  acid  gas. — Although  carbon  dioxide 
retains  the  state  of  gas  under  all  temperatures  and  pressures  to  which 
it  is  commonly  exposed,  it  is  capable  of  assuming  the  liquid  and  even  the 
solid  state. 

At  about  the  ordinary  temperature  (63°  F.)  carbonic  acid  gas  is  con- 
densed, by  a pressure  of  54  atmospheres  (800  lbs.  per  square  inch),  to 
a colourless  liquid  of  sp.  gr.  0.83  (water  = 1),  and  at  a temperature 
of  — 70°  F.  (70°  below  the  zero,  or  102°  below  the  freezing  point  F.) 
becomes  a transpai'ent  mass  of  solid  carbon  dioxide  resembling  ice. 

If  the  temperature  of  the  gas  be  reduced  to  32°  F.  a pressure  of 
35  atmospheres  only  will  suffice  to  liquefy  it. 

The  experiments  of  Andrews  upon  the  liquefaction  of  carbon  dioxide  show  that, 
in  causing  the  liquefaction  of  gases,  increase  of  pressure  is  not  always  equivalent 
to  reduction  of  temperature,  but  that  there  exists  a particular  temperature  for 
each  gas  above  which  no  amount  of  pressure  is  able  to  liquefy  it,  and  at  this  par- 
ticular temperature,  the  critical  point,  the  gas  is  wavering  between  the  gaseous  and 
the  liquid  state,  so  that  “ the  gaseous  and  liquid  states  are  only  widely  separated 
forms  of  the  same  condition  of  matter,  and  may  be  made  to  pass  into  one  another 
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by  a series  of  gradations  so  gentle,  that  the  passage  shall  nowhere  present  any 
interruption  or  breach  of  continuity.”  It  was  found  to  be  impossible  to  liquefy 
carbon  dioxide  above  a temperature  of  88°  F.  (310  C.)  even  by  a pressure  of 
109  atmospheres ; but,  at  this  high  pressure  the  gas  ceased  to  obey  the  law  that  the 
volume  of  a gas  is  inversely  as  the  pressure,  for  instead  of  occupying  of  its 
original  volume,  it  had  been  reduced  to  On  cooling  the  gas  thus  compressed, 

it  liquefied  suddenly,  and  not  gradually  as  in  the  case  of  a vapour  under  ordinary 
pressure.  The  gas  in  this  condition,  when  subjected  to  very  small  variations  of 
temperature  or  pressure,  exhibits  curious  flickering  movements,  resembling  the 
effect  produced  by  the  ascent  of  columns  of  heated  air  through  colder  strata. 
Even  at  550  F.,  a pressure  of  48.89  atmospheres  reduced  the  gas  (not  to  yV  but)  to 
A-  of  its  original  volume  without  liquefying  it,  but  at  this  point  an^  additional 
pressure  of  only  ,V  atmosphere  suddenly  liquefied  one-half  of  the  gas .* 

A small  specimen  of  liquid  carbon  dioxide  is  easily  prepared.  A strong  tube  or 
preen  glass  (A,  fig.  79)  is  selected,  about  12  inches  long,  xBff  inch  diameter  in  the 
bore  and  yj,  inch  thick  in  the  walls.  With  the  aid  of  the  blowpipe  flame  this  tube 
is  softened  and  drawn  off  at  about  an  inch  from  one  end,  as  at  B,  which  is  thus 

closed  (C).  This  operation 

» should  be  performed  slowly, 

I --  in  order  that  the  closed  end 

may  not  be  much  thinner  than 
the  walls  of  the  tube.  When 
the  tube  has  cooled,  between 
30  and  40  grs.  of  powdered 
bicarbonate  of  ammonia  (ordi- 
nary sesquicarbonate  which 
has  crumbled  down)  are 
tightly  rammed  into  it  with  a 
glass  rod.  This  part  of  the 
tube  is  then  surrounded  with 
a few  folds  of  wet  blotting- 
paper  to  keep  it  cool,  and 
the  tube  is  bent,  just  beyond 
the  carbonate  of  ammonia, 
to  a somewhat  obtuse  angle 
(D).  The  tube  is  then  soft- 
ened at  about  an  inch  from 
the  open  end,  and  drawn  out 
to  a narrow  neck  (E),  through 
which  a measured  drachm  of 
oil  of  vitriol  is  poured  down  a 
funnel-tube,  so  as  not  to  soil 


tC 


Fig.  79. 


the  neck,  which  is  then  carefully  drawn  out  and  sealed  ' by  the  blowpipe  flame,  as 
-if  F The  empty  space  in  the  tube  should  not  exceed  £ cubic  inch. 

to  bring  the  tube  into  the  required  position.  , fmrnd  after  a few 

If  the  tube  be  strong  enough  to  re^  the  S eir' f 0 r med  upon  the  surface  of 

SSKSSI  By  oooling  ~X2etathe  u" 

°‘ pfg.  80  represents  Mortar',  apparatus  for  tie  preparation  rf, sey«al  pints 
liquid  carbon  dioxide  : g is  a strong  wrmyht-ii  <7  q{  ^ter|t  IOO°  ¥.  Half  a 
of  bicarbonate  of  soda  arc  well  stiu  ec  w 41  dropped  upright  into  the 

pint  of  Oil  of  vitriol  is  PO”£“d  £ ^^mSo  indieate  the  level 

“ °f  th“  ge"erator  is  tllcu  ,irmly  8 
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on,  with  the  help  of  the  spanners  represented  in  the  figure,  and  the  stopcock* 
firmly  closed  by  turning  the  wheel  10.  The  generator  is  then  turned  over  and 
over  on  its  trunnions  resting  upon  the  stand  .9,  for  ten  minutes,  so  that  the  whole 
of  the  sulphuric  acid  may  be  mixed  with  the  solution  of  bicarbonate  of  soda. 
The  generator  is  then  connected,  by  the  copper  tube  t,  with  the  strong  wrought- 
iron  "receiver  r,  the  stopcock  of  which  is  attached  to  a tube  passing  down  to  the 
bottom  of  the  vessel.  The  stopcock  of  the  receiver  is  then  opened,  by  turning 
the  wheel  v,  and  afterwards  that  of  the  generator. 

The  condensed  gas  then  passes  over  into  the  receiver.  After  two  or  three 
minutes  the  stopcocks  are  again  closed,  the  generator  detached,  the  waste  gas 
blown  out  through  the  stopcock,  the  head  unscrewed,  and  the  generator  emptied 
and  recharged.  After  the  operation  has  been  repeated  three  times,  the  pressure 
in  the  receiver  will  be  found  to  have  liquefied  some  of  the  carbon  dioxide,  and 
after  seven  charges,  the  receiver  is  nearly  filled  with  the  liquid  acid.  The  tube  t 
is  then  unscrewed  from  the  receiver,  and  replaced  by  the  nozzle  n.  If  the  stop- 
cock be  then  slightly  opened,  a stream  of  the  liquid  will  be  forced  up  the  tube, 
and,  issuing  into  the  air,  will  congeal  by  its  own  evaporation  into  an  opaque  white 
spray  of  solid  carbon  dioxide. 


Rig.  80. — Liquefaction  of  carbonic  acid  gas. 


In  order  to  collect  the  solid,  the  box  shown  at  b is  employed.  This  is  made  of 
brass,  and  furnished  with  strong  flanges  by  which  the  cover  is  secured  to  it.  The 
handles  of  the  box  are  made  of  wood  or  gutta-percha,  and  are  hollow,  with  brass 
tubes  passing  through  them  to  allow  of  the  escape  of  gas,  the  ends  of  the  tubes 
within  the  box  being  covered  by  perforated  plates  which  prevent  the  escape  of 
the  solid.  The  box  and  its  cover  having  been  fitted  together,  the  nozzle  of  the 
receiver  r is  inserted  into  a short  tube  projecting  from  the  side  of  the  box,  and 
whilst  one  operator  holds  the  box  firmly  by  the  handles,  another  gradually  opens 
the  stopcock  by  turning  the  wheel  v.  A stream  of  the  liquid  is  at  once  forced  into 
the  box,  where  it  strikes  against  a curved  brass  plate  arranged  so  as  to  force  it  to 
pass  all  around  the  inside  of  the  box ; about  seven-eighths  of  it  evaporate  as  gas, 
which  rushes  out  through  the  tubular  handles,  and  the  rest  is  found  in  the  box  in  a 
solid  state  resembling  snow.  It  should  be  quickly  shaken  on  to  a sheet  of  paper, 
and  emptied  into  a beaker  placed  within  a larger  beaker,  the  interval  being  filled 
up  by  flannel.  By  covering  the  beaker  with  a dial  glass,  the  solid  may  be  kept 
for  some  time.  The  box  becomes  intensely  cold,  and  condenses  the  moisture  of 

3 These  stopcocks  are  steel  screws  with  conical  points  fitting  into  gun-metal  sockets. 
Leaden  washers  are  employed  to  secure  the  tightness  of  the  joints  between  the  iron  vessels 
and  their  heads,  which  are  made  of  gun-metal. 
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Eig.  81. 


the  air  to  a thick  layer  of  hoar-frost,  and  if  it  be  dipped  into  water  it  becomes 

coated  with  ice.  . ...  ... 

The  solid  carbon  dioxide  evaporates  without  melting,  for  its  melting  point  is 
-8;°  F.,  and  its  own  evaporation  keeps  it  at  — 125°  F.  It  produces  a sharp  sen- 
sation of  cold  when  placed  upon  the  hand,  and  if  pressed  into  actual  contact 
with  the  skin  causes  a painful  frost-bite.  Its  rapid  evaporation  may  be  shown 
by  placing  a few  fragments  on  the  surface  of  water  in  the  globe  (fig.  81),  which 
has  a tube  passing  down  to  the  bottom,  through  which  the 
pressure  of  the  carbonic  acid  gas  forces  the  water  to  a con- 
siderable height. 

The  solid  carbon  dioxide  is  soluble  in  ether,  and  it  evapo- 
rates from  this  solution  far  more  rapidly,  because  the  hquid 
is  a better  conductor  of  heat  than  the  highly  porous  solid,  and 
abstracts  heat  more  rapidly  from  surrounding  objects. 

If  a layer  of  ether  be  poured  upon  water,  and  some  solid 
carbon  dioxide  be  thrown  into  it,  the  water  is  covered  with  a 

lj‘ On  immersing  the  bulb  of  a thermometer  into  the  solution 
of  solid  carbon  dioxide  in  ether,  the  mercury  becomes  solid, 
and  the  bulb  may  be  hammered  out  into  a disk. 

By  placing  a piece  of  filter-paper  in  an  evaporating  dish, 
pouring  a pound  or  so  of  mercury  into  it,  immersing  a wire 
turned  into  a flat  spiral  at  the  end,  covering  the  mercury  with 
ether,  and  throwing  in  some  solid  carbon  dioxide,  the  mercury 
may  soon  be  frozen  into  a cake.  If  this  be  suspended  by  the 
wire  in  a vessel  of  water,  the  mercury  melts,  descending  in 
silvery  streams  to  the  bottom  of  the  vessel,  leaving  a cake  of 
ice  011  the  wire,  with  icicles  formed  during  the  descent  of  the 
mercury  This  experiment  is  rendered  more  effective  by 
using  an  inverted  gas-jar,  to  the  neck  of  which  is  attached 
by  a perforated  cork,  a test-tube  to  catch  the  mercury.  The 
round  lid  of  a cardboard  box  gives  a nice  disk  of  frozen  mercury^ 

Even  in  a red-hot  vessel,  with  prompt  manipulation ' ^cury  may  be 
solidified  bv  the  solution  of  solid  carbon  dioxide  m ether.  For  this  purpose  a 
nlatinum  dish  is  heated  to  redness  over  a large  Bunsen  burner,  a few  lumps 
Sfbondioxide  are  thrown  into  it,  upon  these  is  held  a copper  or  platinum  d sh 
coiSaining^he  mmcury,  in  which  is  Lo  held  a wire  to  ™ a ^handle  ^with- 
drawing the  mercury.  Some  more  carbon  dmxid^  ^ ^ tQ  it  fr0D1  ^ 

small  washing-bottle.  One  or  two 
additions  of  the  carbon  dioxide  and 
ether  alternately  will  freeze  the  mer- 
cury, which  may  be  withdrawn  from  the 
flames  by  the  wire  handle. 

The  temperature  produced  by  the  eva- 
poration of  the  solid  carbon  dioxide  dis- 
solved in  ether  is  estimated  at  - 150°  F., 
or  nearly  - 100°  C. 

60.  Carbonic  acid  gas  may  be 
separated  from  most  other  gases 
by  tbe  action  of  potash,  which 
absorbs  it,  forming  potassium  car- 
bonate. The  proportion  of  car- 
bonic acid  gas  is  inferred,  either 
from  the  diminution  in  volume 
suffered  by  the  gas  when  treated 
with  potasb,  or  from  the  increase 
of  weight  of  the  latter. 

In  the  former  case  the  gas  is  Concentrated 

due  attention  to  temperature  and  barometric  1 syringe,  introduced 

solution  of  potash  is  thrown  up  through  a curved  pipette  or  syringe, 


Fig.  82. 
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into  the  orifice  of  the  tube  beneath  the  surface  of  the  mercury.  The  tube  is 
o-ently  shaken  for  a few  seconds  to  promote  the  absorption  of  the  gas,  and,  after 
a few  minutes’  rest,  the  diminution  of  volume  is  read  off.  Instead  of  solution  of 
potash  damp  potassium  hydrate  in  the  solid  state  is  sometimes  introduced,  in 
the  form  of  small  sticks  or  balls  attached  to  a wire.  To  determine  the  weight  of 
carbonic  acid  gas  in  a gaseous  mixture,  the  latter  is  passed  through  a bulb- 
apparatus  (H,  fig.  55),  containing  a strong  solution  of  potash,  and  weighed  before 
and  after  the  passage  of  the  gas.  When  the  proportion  of  carbonic  acid  in  the 
o-as  is  small,  it  is  usual  to  attach  to  the  bulb-apparatus  a little  tube,  containing 
solid  potash,  or  calcium  chloride,  or  pumice-stone  moistened  with  sulphuric  acid, 
for  the  purpose  of  retaining  any  vapour  of  water  which  the  large  volume  of  un- 
absorbed  gas  might  carry  away  in  passing  through  the  solution  of  potash. 


61.  Salts  formed  by  carbonic  acid.— Although,  so  ready  to  combine 
with  the  alkalies  and  alkaline  earths  (as  shown  in  its  absorption  by 
solution  of  potash  and  by  lime-water),  carbonic  acid  must  be  classed 
among  the  weaker  acids.  It  does  not  neutralise  the  alkalies  completely, 
and  it  may  be  displaced  from  its  salts  by  most  other  acids.  Its  action 
upon  the  colouring  matter  of  litmus  is  feeble  and  transient.  If  a solution 
of  carbonic  acid  be  added  to  blue  infusion  of  litmus,  a wine-red  liquid  is 
produced,  which  becomes  blue  again  when  boiled,  losing  its.  carbonic 
acid  • whilst  litmus  reddened  by  sulphuric,  hydrochloric,  or  nitric  acid, 
acquires  a brighter  red  colour,  which  is  permanent  on  boiling. 

With  each  of  the  alkalies  carbonic  acid  forms  two  well-defined  salts, 
the  carbonate  and  bicarbonate.  Thus,  the  carbonates  of  potassium  and 
sodium  are  represented  by  the  formulae,  K;,C03  and  Na2COs,  whilst  the 
bicarbonates  are  KHC03  and  NaHC03.  The  existence  of  the  latter 
salts  would  favour  the  belief  in  the  existence  of  the  compound  IT, CO,,, 
although  no  such  combination  has  yet  been  obtained  in  the  separate 
state.  Perfectly  dry  carbonic  acid  gas  is  not  absorbed  by  pure  quick- 
lime (CaO),  until  it  is  heated  to  a certain  point. 

Two  hard  glass  tubes  closed  at  one  end,  and  bent  as  in  fig.  83,  are  perfectly 
dried,  and  filled,  over  mercury,  with  well-dried  carbonic  acid  gas.  Fragments  of 
lime  are  taken,  whilst  red  hot,  out  of  a crucible,  cooled 
under  the  mercury,  inserted  into  the  tubes,  and  trans- 
ferred to  the  upper  end.  . No  absorption  of  the  gas 
takes  place,  though  the  tubes  be  left  for  some  days  ; 
but  if  one  of  them  be  heated  by  a Bunsen  burner,  the 
absorption  of  carbonic  acid  gas  takes  place  rapidly, 
and  the  mercury  is  forced  up  into  the  tube. 

The  formula  H.2COs  represents  carbonic  acid  as  a 
dibasic  acid,  that  is,  an  acid  containing  two  atoms  of 
hydrogen  which  may  be  replaced  by  metals. 

Carbonates  may  be  normal,  acid,  or  basic.  A normal 
carbonate  is  one  in  which  all  the  hydrogen  in  H2C03 
is  replaced  by  a metal  or  metals,  as  in  sodium  car- 
bonate, Na.C03,  and  calcium  carbonate,  CaC03. 

An  acid  carbonate  is  one  in  which  only  half  of 
the  hydrogen  is  replaced  by  a metal,  as  in  hydro - 
sodium  carbonate,  NaHCOs.  A basic  carbonate  is  a 
normal  carbonate  in  combination  with  a hydrate 
of  the  metal,  as  in  white  lead,  basic  lead  carbonate, 

2PbC03.Pb(H0)2.  E'g-  83- 

62.  To  demonstrate  the  presence  of  carbon  in  car- 
bonic acid  ggs,  a pellet  of  potassium  is  introduced  into  a bulb  tube,  through  which 
a current  of  carbonic  acid  gas  (dried  by  passing  through  oil  of  vitriol,  or  over 
chloride  of  calcium)  is  flowing,  and  the  heat  of  a spirit-lamp  is  applied  to  the 
bulb.  The  metal  will  soon  burn  in  the  gas,  which  it  robs  of  its  oxygen,  leaving 
the  carbon  as  a black  mass  in  the  bulb  (fig.  84).  The  potassium  remains  in  the 
form  of  potassium  carbonate,  3C02+K4=2K2C03+C.  If  slices  of  sodium  be 


88 


CARBON  MONOXIDE. 


arranged  in  a test-tube  in  alternate  layers  with  dried  chalk  (calcium  carbonate), 
and  strongly  heated  with  a spirit-lamp,  vivid  combustion  will  ensue,  and  much 
carbon  will  be  separated  (CaC03  + Na4  = CaO  + 2Na.,0  + C). 


Fig.  84. 

63.  Carbonic  Oxide  (CO  — 28  parts  by  weight  = 2 volumes). — Other 
metals,  which  are  not  endowed  with  so  powerful  an  attraction  for  oxygen, 
do  not  carry  the  decomposition  of  carbon  dioxide  to  its  final  limit;  thus, 
iron  and  zinc*  at  a high  temperature  will  only  deprive  the  gas  of  one 
half  of  its  oxygen,  a result  which  may  also  be  brought  about  at  a red 
heat  by  carbon  itself.  If  an  iron  tube  filled  with  fragments  of  charcoal 
be  heated  to  redness  in  a furnace  (fig.  9),  and  carbonic  acid  gas  be  trans- 
mitted through  it,  it  will  be  found,  on  collecting  the  gas  which  issues 
from  the  other  extremity  of  the  tube,  that  on  the  approach  of  a taper, 
it  takes  fire,  and  burns  with  a beautiful  blue  lambent  flame,  similar  to 
that  which  is  often  observed  to  play  over  the  surface  of  a clear  fire. 
Both  flames,  in  fact,  are  due  to  the  same  gas,  and  in  both  cases  this  gas 
results  from  the  same  chemical  change,  for,  in  the  tube,  the  carbonic 
acid  gas  yields  half  of  its  oxygen  to  the  charcoal,  both  becoming  con- 
verted into  carbonic  oxide;  C02  + C = 2CO.  In  the  fire,  the  carbonic 
acid  gas  is  formed  by  the  combustion  of  the  carbon  of  the  fuel  in  the 
oxygen  of  the  air  entering  at  .the  bottom  of  the  grate ; and  this  carbonic 
acid  gas,  in  passing  over  the  layer  of  heated  carbon  in  the  upper  part  of 
the  fire,  is  partly  converted  into  carbonic  oxide,  which  inflames  when  it 
meets  with  the  oxygen  in  the  air  above  the  surface  of  the  fuel,  and 
burns  with  its  characteristic  blue  flame,  reproducing  carbon  dioxide. 
The  carbonic  oxide  occupies  twice  the  volume  of  the  carbon  dioxide 
from  which  it  was  produced. 

This  conversion  of  carbon  dioxide  into  carbonic  oxide  is  of  great  im- 
portance on  account  of  its  extensive  application  in  metallurgic  operations. 
It  is  often  desirable,  for  instance,  that  a flame  should  be  made  to  play 
over  the  surface  of  an  ore  placed  on  the  bed  or  hearth  of  a reverberatory 
furnace  (fig.  83).  This  object  is  easily  attained  when  the  coal  affords 
a large  quantity  of  inflammable  gas ; but  with  anthracite  coal,  which 
burns  with  very  little  flame,  and  is  frequently  employed  in  such 
furnaces,  it  is  necessary  to  pile  a high  column  of  coal  upon  the  grate, 
so  that  the  carbon  dioxide  formed  beneath  may  be  converted  into 
carbonic  oxide  in  passing  over  the  heated  coal  above,  and  when  this  gas 
reaches  the  hearth  of  the  furnace,  into  which  air  is  admitted,  it  bums 

* Magnesium  also  reduces  carbon  dioxide  to  carbonic  oxide. 
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with  a flame  which  spreads  over  the  surface  of  the  ore.  The  tem- 
perature of  the  flame  of  carbonic  oxide  burning  in  air  is  estimated  at 
about  2000°  C. 


Fig.  85. — Reverberatory  furnace  for  copper  smelting. 


The  attraction  of  carbonic  oxide  for  oxygen  is  turned  to  account  in 
removing  that  element  from  combination  with  iron  in  its  ores,  as  will 
be  seen  hereafter. 

Since  the  heat  produced  in  combustion  is  proportional  to  the  oxygen  consumed 
(p.  26),  the  conversion  of  C into  CO,  should  produce  twice  as  much  heat  as  its 
conversion  into  CO.  When  C,  in  the  form  of  charcoal,  burns  to  form  C02,  each 
gramme  of  C produces  8080  gramme  units  of  heat;  or  C,  12  grms.,  + O,, 
32  grms.,  = CO.,  + 96960  units  of  heat.  Now  carbon  cannot  be  burned  directly  to 
form  CO,  but  when  CO  burns  to  form  C02,  1 grm.  of  CO  produces  2403  units  of 
heat ; or  CO,  28  grms.,  4-  0,  16  grms.,  = CO.,  4-  67284  units  of  heat.  In  the  first 
equation,  16  grms.  of  0 produce  48480  units,  and  in  the  second  67284  units 
of  heat.  But  in  the  first  case,  solid  carbon  is  converted  into  gas,  a change  of 
state  which  must  absorb  much  of  the  heat  produced.  If  the  C were  in  the  state 
of  gas  to  begin  with,  in  both  cases,  we  should  have  O,  16  grms.,  4-  C,  12  grms.,  = 
CO  + 67284  units  of  heat,  and  02,  32  grms.,  4-  C,  12  grms.,  = C02  + 134568  units 
of  heat,  so  that  1 grm.  of  C would  give  11214  units  of  heat  when  burned  to  CO,. 
But  when  1 grm.  of  solid  C burns  to  CO,  it  gives  only  8080  units  of  heat ; hence 
11214  — 8080,  or  3134  units,  represent  the  heat  required  to  convert  1 grm.  of 
solid  carbon  into  gas. 

64.  Carbonic  oxide  is  very  poisonous ; and  it  appears  that  the  acci- 
dents which  too  frequently  occur  from  burning  charcoal  or  coke  in 
braziers  and  chafing-dishes  in  close  rooms,  result  from  the  poisonous 
effects  of  the  small  quantity  of  carbonic  oxide  which  is  produced  and 
escapes  combustion,  since  the  amount  of  carbonic  acid  gas  thus  diffused 
through  the  air  is  not  sufficient,  in  most  cases,  to  account  for  the  fatal 
result.  The  carbonic  oxide  formed  in  cast-iron  stoves  diffuses  through 
the  hot  metal  into  the  air  of  a room. 

65.  The  knowledge  of  the  poisonous  character  of  carbonic  oxide  gave 
rise  a few  years  since  to  considerable  apprehension,  when  it  was  pro- 
posed to  employ  this  gas  in  Paris  for  purposes  of  illumination.  The 
character  of  the  flame  of  carbonic  oxide  would  appear  to  afford  little 
promise  of  its  utility  as  an  illuminating  agent ; but  that  it  is  possible 
so  to  employ  it  is  easily  demonstrated  by  kindling  a jet  of  the  gas  which 
has  been  passed  through  a wide  tube  containing  a little  cotton  moistened 
with  rectified  coal  naphtha  (benzene),  when  it  will  be  found  to  burn  with 
a vei’y  luminous  flame.  The  carbonic  oxide  destined  to  be  employed  for 
illuminating  purposes  was  prepared  by  passing  steam  over  red-hot  coke  or 
charcoal,  when  a highly  inflammable  gas  was  obtained,  containing  carbon 
dioxide,  carbonic  oxide  and  hydrogen ; 4TI,0  4-  C3  = C02  + 2 CO  4-  ITS. 
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Since  neither  hydrogen  nor  carbonic  oxide  burns  with  a luminous 
flame,  this  gas  was  next  passed  into  a vessel  containing  red-hot  coke,  over 
which  melted  resin  was  allowed  to  trickle.  The  action  of  heat  upon  the 
resin  gave  rise  to  the  production  of  vapours  similar  to  that  of  the  benzene 
employed  in  the  above  experiment,  and  which,  in  like  manner,  conferred 
considerable  illuminating  power  upon  the  gas. 

The  decomposition  of  steam  by  red-hot  carbon  is  also  taken  advantage 
of  in  order  to  procure  a flame  from  anthracite  coal  when  employed  for 
heating  boilers.  The  coal  being  burnt  on  fish-bellied  bars,  beneath  which 
a quantity  of  water  is  placed,  the  radiated  heat  converts  the  water  into 
steam,  which  is  carried  by  the  draught  into  the  fire,  where  it  furnishes 
carbonic  oxide  and  hydrogen,  both  capable  of  burning  with  flame  under 
the  bottom  of  the  boiler.  The  temperature  of  the  bars  is  also  thus  re- 
duced, so  that  they  are  not  so  much  injured  by  the  intense  heat  of  the 


glowing  fuel. 

66.  Carbonic  oxide,  unlike  carbon  dioxide,  is  nearly  insoluble  in  water. 
It  is  even  lighter  than  air,  its  specific  gravity  being  0.967.  In  its 
chemical  relations  it  is  an  indifferent  oxide,  that  is,  it  has  neither  acid  nor 
basic  properties.  It  has  been  liquefied  by  the  cold  produced  by  its  o\v  n 
expansion  under  a compression  of  300  atmospheres  at  —29  C. ; the 
liquid  boils,  under  atmospheric  pressure,  at  — 1930  C.,  which  is  also  the 
boiling  point  of  nitrogen. 

67.  A very  instructive  process  for  obtaining  carbonic  oxide,  consists  in  beating 
crystallised  oxalic  acid  with  three  times  its  weight  of  oil  of  vitriol.  If  the  gas  be 

J collected  over  water  (fig.  86),  and 

one  of  the  jars  be  shaken  with  a 
little  lime-water,  the  milkiness 
imparted  to  the  latter  will  indi- 
cate abundance  of  carbon  di- 
oxide ; whilst,  on  removing  the 
glass  plate,  and  applying  a light, 
the  carbonic  oxide  will  burn 
with  its  characteristic  blue 
flame.  The  gas  thus  obtained 
is  a mixture  of  equal  volumes  of 
carbonic  oxide  and  carbonic  acid 
gases.  CrystaUised  oxalic  acid 
is  represented  by  the  formula 
C„H„04.2Aq.,  and  if  the  water  of 
crystallisation  be  left  out  of 
consideration,  its  decomposition 
may  be  represented  by  the  equa- 
tion C„H  ,0,  = H.,0  + CO  + C0„,  the  change  being  determined  by  the  attraction  of 
the  oil  of  vitriol  for  water.  To  obtain  pure  carbonic  oxide  the  mud Jure  of  g« ises 
must  be  passed  through  a bottle  containing  solution  of  potash,  to  absorb  tl 

C * Birf1  ]m  r e *c  ar  b 0 11  kPoxi  <1  e is  much  more  easily  obtained  by  the  action  of  sul- 
phuric acid  upon  crystallised  potassium  ferrocyanide  (yell Low ' P^ssiate > Pot^ 

it  a moderate1  heat.  Since  the  gas  contains  smafl  quartos  of 
carbonic  acid  gases,  it  must  be  passed  through  solution  of 

perfectly  pure.  The  chemical  change  which  occurs  m this  piocess  is  expresse 
thRS C~N  Fe  + 6H  0 + 6H..S0,  = 6C0  + 2K„S04  + 3(NH4)2S04  + FeS04. 

uV“  • ' 6 + ° + ' 4 Potassium  Ammonium  Ferrous 

Potassium  sulphate.  sulphate.  sulphate. 

Ten "grammes  of  crystallised  ferrocyanide  with  £35  guinea 
(so  «rr  1 gal  and  n grammes  of  water,  will  give  about  3*  litres  of  carbonic  oxide. 
( Vthe bollinfis 3oSCd  after  the  evgnticmoi ! CC > has  c^ed.mueh  sul- 
phurous acid  gas  is  disengaged  (2FeS04  + 2H2S04  o(>  1).!  “ 2 


Fig.  86. 
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68.  To  demonstrate  the  production  of  carbonic  acid  gas  during  the  combustion 
of  carbonic  oxide,  a jar  of  the  gas  is  closed  with  a glass  plate,  and  after  placing 
it  upon  the  table,  the  plate  is  slipped  aside  and  a little  lime-water  quickly  poured 
into  the  jar.  On  shaking,  no  milkiness  indicative  of  carbonic  acid  gas  should  be 
perceived.  The  plate  is  then  removed  and  the  gas  kindled.  On  replacing  the 
plate  and  shaking  the  jar,  an  abundant  precipitation  of  calcium  carbonate  will 
take  place. 


Carbonic  oxide  forms  an  explosive  mixture  with  half  its  volume  of  oxygen ; 
the  remarkable  observation  has  been  made  that  if  the  mixture  be  absolutely  free 
from  vapour  of  water  it  does  not  explode  on  passing  an  electric  spark  through  it. 

When  carbonic  oxide  is  passed  through  a red-hot  porcelain  tube,  a portion  of 
it  is  decomposed  into  carbonic  acid  gas  and  carbon ; and  when  the  experiment  is 
conducted  without  special  arrangements,  the  carbonic  oxide  is  reproduced  as  the 
temperature  of  the  gas  falls.  But  by  passing  through  the  centre  of  the  porcelain 
tube  a brass  tube,  through  which  cold  water  is  kept  running,  the  decomposition 
has  been  demonstrated  by  the  deposition  of  carbon  upon  the  cooled  tube,  and  by 
collecting  the  carbonic  acid  gas  formed.  Carbonic  acid  gas  is  also  decomposed 
by  intense  heat  into  carbonic  oxide  and  oxygen  ; but  if  these  gases  be  allowed  to 
cool  down  slowly  in  contact,  they  recombine.  The  gas  drawn  from  the  hottest 
region  of  a blast-furnace  (see  Iron),  and  rapidly  cooled,  so  as  to  prevent  recom- 
bination, was  found  to  contain  both  carbonic  oxide  and  oxygen.  According  to 
Brodie,  carbonic  acid  gas  is  partially  decomposed  into  carbonic  oxide  and  oxygen 
by  electric  inductive  discharge  (p.  57),  and  if  of  the  oxygen  assumes  the  form  of 
ozone. 

By  passing  a pellet  of  phosphorus  up  into  carbonic  acid  gas,  over  mercury,  in 
a eudiometer,  and  passing  electric  sparks  for  some  days,  the  gas  has  beenlentirely 
decomposed,  an  equal  volume  of  carbonic  oxide  being  left. 


Fig.  88. — Reduction  of  oxide  of  copper  by  carbonic  oxide. 

The  reducing  action  of  carbonic  oxide  upon  metallic  oxides,  at  high  tempera- 
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tures,  may  be  illustrated  by  passing  the  pure  gas  from  a bag  or  gas-holder,  first 
through  a bottle  of  lime-water  (B,  fig.  88),  to  prove  the  absence  of  carbonic  acid 
gas,  then  over  oxide  of  copper,  contained  in  the  tube  C,  and  afterwards  again 
through  lime-water  in  D.  When  enough  gas  has  been  passed  to  expel  the  air, 
heat  may  be  applied  to  the  tube  by  the  gauze-burner  E,  when  the  formation  of 
carbonic  acid  gas  will  be  immediately  shown  by  the  second  portion  of  lime-water, 
and  the  black  oxide  of  copper  will  be  reduced  to  red  metallic  copper. 

If  precipitated  peroxide  of  iron  be  substituted  for  oxide  of  copper,  iron  in  the 
state  of  black  powder  will  be  left,  and  if  allowed  to  cool  in  the  stream,  of  gas, 
will  take  fire  when  it  is  shaken  out  into  the  ah',  becoming  reconverted  into  the 
peroxide  {iron  pyrophorus). 

Carbonic  oxide  is  absorbed  by  potassium  hydrate  at  ioo°  C.,  potassium  formate 
being  produced ; CO  + KHO  = KCHOr  If  carbonic  oxide  be  passed  over  soda- 
lime  in  a glass  tube  heated  by  a gas-furnace,  sodium  carbonate  is  formed,  and 
hydrogen  liberated;  C0  + 2NaH0=Na2C03  + H2. 

69.  Composition  by  volume  of  carbonic  oxide  and  carbon  dioxide. 
When  carbon  burns  in  oxygen,  the  volume  of  the  carbon  dioxide  pro- 
duced is  exactly  equal  to  that  of  the  oxygen,  so  that  one  volume  of 
oxygen  furnishes  one  volume  of  carbonic  acid  gas,  or  a molecule  (two 
volumes,  see  p.  2)  of  carbonic  acid  gas  contains  two  volumes  of  oxygen. 

When  one  volume  of  carbonic  acid  gas  (containing  one  volume  of 
oxygen)  is  passed  over  heated  carbon,  it  yields  two  volumes  of  carbonic 
oxide ; hence  two  volumes,  or  one  molecule,  of  this  gas  contain  one 
volume  of  oxygen. 

Specific  gravity  (to  H)  of  C02,  i.e.,  weight  of  oue  volume  . . 22 

Specific  gravity  (to  II),  or  weight  of  one  volume,  of  O . .16 

Weight  of  carbon  in  one  volume  of  C02  ....••  6 

Hence,  a molecule,  two  volumes  or  44  parts  by  weight,  of  CO„,  contains  12  parts 
by  weight  of  carbon. 

Specific  gravity  (to  H),  or  weight  of  one  volume,  of  CO  =14 

Weight  of  two  volumes  of  CO  . - • • • • • 

,,  one  volume  of  0 . • ■ • • • .10 

Weight  of  carbon  in  two  volumes  (or  one  molecule)  of  CO  . . 12 

70.  The  atomic  weight  of  carbon  is  taken  as  12,  since  this  is  the 
smallest  weight  of  carbon  which  can  be  found  in  two  volumes  of  any  of 
its  gaseous  compounds. 


Compounds  of  Carbon  and  Hydrogen. 


71.  No  two  other  elements  are  capable  of  occurring  in  so  many 
different  forms  of  combination  as  carbon  and  hydrogen.  The  hydro- 
carbons, as  their  compounds  are  generally  designated,  include  most  of 
the  inflammable  gases  which  are  commonly  met  with,  and  a gieat 
number  of  the  essential  oils,  naphthas,  and  other  useful  substances. 
There  is  reason  to  believe  that  all  these  bodies,  even  such  as  are  found 
in  the  mineral  kingdom,  have  been  originally  derived  from  \ egetab  e 
sources,  and  their  history  belongs,  therefore,  to  the  department  of 
organic  chemistry.  The  three  simplest  examples  of  such  compounds 
will,  however,  be  brought  forward  in  this  place  to  afford  a general 
insight  into  the  mutual  relations  of  these  two  important  elements. 

72.  Acetylene*  (C2H2=26  parts  by  weight  = 2 vols.).— When  very 


* Long  known  ns  Jclumene,  having  been. obtained  in  1836  by  the  JT.vjf1  ^that 

compound  containing  carbon  and  potassium,  produced  c ining  1 p ip 
metal.  The  name'  acetylene  is  derived  from  the  hypothetical  radical  acetyle  W.U,),  to 
which  acetylene  bears  the  same  relation  as  ethylene  (C2H4)  ots  o c '3  •>)• 
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intensely  heated,  carbon  is  capable  of  combining  with  hydrogen  to  form 
acetylene.  The  required  temperature  is  procured  by  means  of  a power- 
ful galvanic  battery,  to  the  terminal  wires  of  which  two  pieces  of  dense 
carbon  are  attached,  and  the  voltaic  discharge  is  allowed  to  take  place 
between  them  in  an  atmosphere  of  hydrogen.  The  experiment  possesses 
little  practical  importance,  because  but  little  acetylene  is  formed  in  pro- 
portion to  the  force  employed,  but  its  theoretical  interest  is  very  great, 
since  it  is  the  first  step  in  the  production  of  organic  substances  by  the 
direct  synthesis  of  mineral  elements ; acetylene  (C2H,)  being  convertible 
into  olefiant  gas  (CaH4),  this  last  into  alcohol  (CJiG0),  and  alcohol  into 
a very  large  number  of  organic  products. 

Acetylene  is  constantly  found  among  the  products  of  the  incomplete 
combustion  and  destructive  distillation  of  substances  rich  in  carbon  , 
hence  it  is  always  present  in  small  quantity  in  coal  gas,  and  may  be 
produced  in  abundance  by  passing  the  vapour  of  ether  through  a red- 
hot  tube.  The  character  by  which  acetylene  is  most  easily  recognised 
is  that  of  producing  a fine  red  precipitate  in  an  ammoniacal  solution  of 
cuprous  chloride  (subchloride  of  copper). 

The  most  convenient  process  for  preparing  a quantity  of  this  precipitate,  is 
that  in  which  the  acetylene  is  produced  by  the  imperfect  combustion  taking- 
place  when  a jet  of  atmospheric  air  is  allowed  to  burn  in  coal  gas. 

An  adapter  (A,  fig.  89),  is  connected  at  its  narrow  end  with  the  pipe  supplying 
coal  gas.  The  wider  opening  is  closed  by 
a bung  with  two  holes,  one  of  which 
receives  a piece  of  brass  tube  (B)  about 
three-quarters  of  an  inch  wide  and  7 inches 
long,  and  in  the  other  is  inserted  a glass 
tube  (C)  which  conducts  the  gas  to  the 
bottom  of  a separating  funnel  (D).  The 
lower  opening  of  the  brass  tube  B is  closed 
with  a cork,  through  which  passes  the  glass 
tube  E connected  with  a gas-holder  or  bag 
containing  atmospheric  air.  To  commence 
the  operation,  the  gas  is  turned  on  through 
the  tube  F,  and  when  all  air  is  supposed  to 
be  expelled,  the  tube  E is  withdrawn,  to- 
gether with  its  cork,  and  a light  is  applied 
to  the  lower  opening  of  the  brass  tube,  the 
supply  of  coal  gas  being  so  regulated  that 
it  shall  burn  with  a small  flame  at  the  end 
of  the  tube.  A feeble  current  of  air  is 
then  allowed  to  issue  from  the  tube  E, 
which  is  passed  up  through  the  flame  into 
the  adapter,  where  the  jet  of  air  continues 
to  burn  in  the  coal  gas,*  and  may  be  kept 
burning  for  hours  with  a little  attention  to 
the  proportions  in  which  the  gas  and  air  are 
supplied.  A solution  of  cuprous  chloride 
in  ammonia  is  poured  into  the  separating 
funnel  through  the  lateral  opening  G,  so  that 
the  imperfectly  burnt  gas  may  j>ass  through 
it,  when  the  cuprous  acetylide  is  precipi- 
tated in  abundance.  When  a sufficient 
quantity  has  been  formed,  or  the  copper  solution  is  exhausted,  the  liquid  is  run 
out  through  the  stopcock  (H)  on  to  a filter,  and  replaced  by  a fresh  portion.  Tho 
precipitate  may  be  rinsed  into  a flask  provided  with  a funnel  tube  and  delivery 
tube,  allowed  to  subside,  the  water  decanted  from  it,  and  some  strong  hydro- 

* It  is  advisable  to  attach  a piece  of  thin  platinum  wire  to  the  mouth  of  the  glass  tube 
to  render  the  flame  of  the  air  more  visible. 
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chloric  acid  poured  in  through  the  funnel.  On  heating,  the  acetylene  is  evolved, 
and  may  be  collected,  either  over  water,  or  more  economically  in  a small  gas-bag, 
or  in  a mercurial  gas-holder.  To  obtain  a pint  of  the  gas,  as  much  of  the  moist 
copper  precipitate  is  required  as  will  measure  about  6 ounces  after  settling  down. 
Such  a quantity  may  be  prepared  in  about  six  hours. 

A solution  of  cuprous  chloride  suitable  for  this  experiment  is  conveniently 
prepared  in  the  following  manner : — 500  grains  of  black  oxide,  of  copper  are 
dissolved  in  7 measured  ounces  of  common  hydrochloric  acid,  in  a flask,  and 
boiled  for  about  twenty  minutes  with  400  grains  of  copper  in  filings  . or  fine 
turnings.  The  brown  solution  of  cuprous  chloride  in  hydrochloric  acid,  thus 
obtained,  is  poured  into  about  3 pints  of  water  contained  in  a bottle  ; the  white 
precipitate  (cuprous  chloride)  is  allowed  to  subside,  the  water  drawn  off  with  a 
siphon,  and  the  precipitate  rinsed  into  a 20-ounce  bottle,  which  is  then  quite 
filled  with  water  and  closed  with  a stopper.  When  the  precipitate  has  again 
subsided,  the  water  is  drawn  off,  and  4 ounces  of  powdered  chloride  of  ammonium 
are  introduced,  the  bottle  being  again  filled  up  with  water,  closed  and.  shaken. 
The  cuprous  chloride  is  entirely  dissolved  by  the  chloride  of  ammonium,  but 
would  be  precipitated  if  more  water  were  added.  When  required  for  the 
precipitation  of  acetylene,  the  solution  may  be  mixed  with  about  one-tenth  of  its 
bulk  of  strong  ammonia  (.880),  which  may  be  poured  into  the  separating  funnel  (D) 
before  the  copper  solution  is  introduced.  Four  measured  ounces  of  the  solution 
are  sufficient  for  one  charge,  and  yield,  in  three  hours,  about  3 measured  ounces 
of  the  moist  precipitate.  The  blue  solution  of  ammoniacal  cupric  chloride, 
filtered  from  the  red  precipitate,  may  be  rendered  serviceable  again  by  being 
shaken,  in  a stoppered  bottle,  with  precipitated  copper,  prepared  by  reducing  a 
solution  of  sulphate  of  copper,  acidulated  with  hydrochloric  acid,  with  a plate 
of  zinc. 


If  the  acetylene  copper  precipitate  he  collected  on  a filter,  washed,  and 
dried  either  by  mere  exposure  to  the  air,  or  over  oil  of  vitriol,  it  will  be 
found  to  explode  with  some  violence  when  gently  heated,  and  it  is  said 
that  the  accidental  formation  of  this  compound  in  copper  or  brass  pipes, 
through  which  coal  gas  passes,  has  occasionally  given  rise  to  explosions. 

When  acetylene  is  passed  through  solution  of  nitrate  of  silver,  a white  curdy 
precipitate  is  formed,  resembling  chloride  of  silver  in  appearance,  but  insoluble 
in  ammonia  (which  turns  it  yellow)  as  well  as  in  nitric  acid.  It.  may  be  obtaineci 
by  allowing  the  imperfectly  burnt  gas  from  the  apparatus  in  fig.  89  to  pass 

through  nitrate  of  silver.  , 

It  may  be  more  easily  prepared  by  suspending  a funnel  over  a Bunsen  burner 
which  has  caught  fire  inside  the  tube,  and  drawing  the  products  of  imperfect 
combustion,  by  means  of  an  aspirator,  through  a solution  of  silver  nitrate.  Inis 
precipitate  may  also  be  used  for  the  preparation  of  acetylene,  by  heating  1 wi 

^When  this  precipitate  is  washed  and  allowed  to  dry,  it  is  violently- explosive  if 
heated  or  struck.*  A minute  fragment  of  it  placed  on  a glass  plate,  and  touche 
with  a red-hot  wire,  detonates  loudly  and  shatters  the  glass  like  fulminate  ot 
silver.  In  a solution  of  hyposulphite  of  gold  and  sodium,  acetylene  gives  a 


during  the  perfect  conrhustion  of  ether 
is  very  readily  shown  by  introducing  a few  drops  of  ether  into  a test-tube,  adding 
a little  ammoniacal  solution  of  cuprous  chloride,  kindling  the  ether-vapour  at 
mouth  of  the  tube,  and  inclining  the  latter  so  as  to  expose  a iarge  surface  oW 
copper  solution,  when  a large  quantity  of  the  red  cuprous  acc^^ 

If  nitrate  of  silver  be  substituted  for  the  copper  solution,  the  vlnte  precipitate 

of  silver  acetylide  is  formed  abundantly.  . . 

Acetylene  is  a colourless  gas  having  a peculiar  odour,  recalling  that  0 
the  geranium,  which  is  always  perceived  where  coal  gas  is  undergoing 
imperfect  combustion.  It  burns  with  a very  bright  smoky  flame.  s 
most  remarkable  property  is  that  of  inflaming  spontaneously  when 
brought  in  contact  with  chlorine.  If  a jet  of  the  gas  be  allowed  to  pass 
* If  the  precipitate  is  prepared  from  a slightly  ammoniacal  solution  of  nitrate  of  silver, 
it  is  more  sensitive  to  a blow. 
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into  a bottle  of  chlorine,  it  will  take  fire  and  burn  with  a red  flame, 
depositing  much  carbon.  When  chlorine  is  decanted  up  into  a cylinder 
containing  acetylene  standing  over  water,  a violent  explosion  imme- 
diately takes  place,  attended  with  a vivid  flash,  and  separation  of  a 
large  amount  of  carbon ; C2IT2  + Cl2  = C2  + 2 HC1. 

When  acetylene  is  passed  into  water,  it  is  absorbed  in  sufficient 
quantity  to  impart  a strong  smell  to  the  water,  and  to  yield  a decided 
precipitate  with  ammoniacal  cuprous  chloride  and  with  silver  nitrate. 

If  the  acetylene  copper  precipitate  be  suspended  in  solution  of 
ammonia,  and  heated  with  a little  granulated  zinc,  the  acetylene  com- 
bines with  the  {nascent)  hydrogen  to  form  olefiant  gas  (C,H4).  Further 
particulars  respecting  acetylene  are  given  under  Organic  Chemistry. 

73.  Olefiant  gas  or  ethylene 
(C„H,  = 28  parts  by  weight  = 2 
volumes). — This  gas  is  found  in 
larger  quantity  than  acetylene, 
among  the  products  of  the  action 
of  heat  upon  coal  and  other  sub- 
stances rich  in  carbon,  and  it  is 
an  important  constituent  of  the 
illuminating  gases  obtained  from 
such  materials. 

Olefiant  gas  may  readily  be 
prepared  by  the  action  of  strong 
sulphuric  acid  (oil  of  vitriol, 

H„»SO.)  upon  alcohol  (spirit  of  . ^ 

.2  u a\  Fig.  90. — Preparation  of  olefiant  gas. 

wine,  Ugiigv/  )• 

Two  measures  of  oil  of  vitriol  are  introduced  into  a flask  (fig.  90),  and  one 
measure  of  alcohol  is  gradually  poured  in,  the  flask  being  agitated  after  each 
addition  of  the  acid ; much  heat  is  evolved,  and  there 
would  be  danger  in  mixing  large  volumes  suddenly.* 

On  applying  a moderate  heat,  the  liquid  will  darken 
in  colour,  effervescence  will  take  place,  and  the  gas 
may  be  collected  in  jars  filled  with  water.  When  the 
mixture  has  become  thick,  and  the  evolution  of  the  gas 
is  slow,  the  end  of  the  tube  must  be  removed  from  the 
water  and  the  lamp  extinguished.  Three  measured 
ounces  of  spirit  of  wine  generally  give  about  500  cubic 
inches  of  olefiant  gas  (or  85  c.c.  give  8 litres). 

The  gas  will  be  found  to  have  a very  peculiar  odour, 
in  which  that  of  ether  and  of  sulphurous  acid  gas  are 
perceptible.  One  of  the  jars  may  be  closed  with  a 
glass  plate,  and  placed  upon  the  table  with  its  mouth 
upwards ; on  the  approach  of  a flame,  the  gas  will 
take  fire,  burning  with  a bright  white  flame  charac- 
teristic of  olefiant  gas,  and  seen  to  best  advantage 
when,  after  kindling  the  gas,  a stream  of  water  is 
poured  down  into  the  jar  in  order  to  displace  the  gas 
(%•  9i)- 

Another  jar  of  the  gas  may  be  well  washed  by 
transferring  it  repeatedly  from  one  jar  to  another 
under  water,  a little  solution  of  potash  may  then  be 
poured  into  it,  and  the  jar  violently  shaken,  its  mouth 
being  covered  with  a glass  plate ; the  potash  will 

remove  all  the  sulphurous  acid  gas,  and  the  gas  will  now  exhibit  the  peculiar 
faint  odour  which  belongs  to  olefiant  gas. 


* If  methylated  spirit  be  employed,  the  mixture  will  have  a dark  red-brown  colour. 
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The  purified  gas  may  be  transferred,  under  water,  to  another  jar,  kindled  and 
allowed  to  burn  out ; if  a little  lime-water  be  then  shaken  in  the  jar,  its  turbidity 
will  indicate  the  presence  of  carbonic  acid  gas,  which  is  produced  together  with 
water,  when  olefiant  gas  burns  in  air:  C„H4  + 06  = 200^  + 21120. 

Ethylene  has  been  liquefied  by  a pressure  of  63  atmospheres  at  io°  C.* 

On  comparing  the  composition  of  olefiant  gas  (C,H4)  with  that  of 
alcohol  (C2H60),  it  is  evident  that  the  former  may  be  supposed  to  be 
produced  "from  the  latter  by  the  abstraction  of  a molecule  of  water 
(II„0)  which  is  removed  by  the  sulphuric  acid,  though  other  secondary 
changes  take  place,  resulting  in  the  separation  of  carbonaceous  matter 
and  the  production  of  sulphurous  acid  gas.  A more  complete  explana- 
tion of  the  action  of  sulphuric  acid  upon  alcohol  must  be  reserved  for 
the  chemical  history  of  this  compound. 

Olefiant  gas  derives  its  name  from  its  property  of  uniting,  with 
chlorine  and  bromine  to  form  oily  liquids,  a circumstance  which  is 
applied  for  the  determination  of  the  proportion  of  this  gas  present  in 
coal  gas,  upon  which  part  of  the  illuminating  value  of  coal  gas.  depends. 
The  compound  with  chlorine  (C2H4C12)  is  known  as  Dutch  liquid,  having 
been  discovered  by  Dutch  chemists,  and  is  remarkable  for  its  resem- 
blance to  chloroform  in  odour. 

To  exhibit  the  formation  of  Dutch  liquid,  a quart  cylinder  (fig.  92)  _fs  half  filled 
with  olefiant  gas,  and  half  with  chlorine,  which  is  rapidly  passed  up  into  it,  from 
a bottle  of  the  gas,  under  water.  The  cylinder  is  then  closed  with  a glass  plate. 


the  mixed  gases  begins  to  diminish 
immediately,  drops  of  oil  being 
j formed  upon  the  side  of  the  cylin- 
4 /d onrd  4- Do  cnvftvn.p  of  water. 


and  supported  with  its  mouth 
downwards  under  water  in  a 
separating  funnel  furnished  with  a 
glass  stopcock.  The  volume  of 


q der  and  the  surface  of  the  water. 

1 ] As  the  drops  increase,  they  fall  to 
: the  bottom  of  the  funnel.  Water 

3 must  be  poured  into  the  funnel  to 
12  replace  that  which  rises  into  the 


1 


cylinder,  and  when  the  whole  of 


a 


- the  gas  has  disappeared,  the  oil 
yj  may  be  drawn  out  of  the  funnel 
: through  the  stopcock  into  a test- 

1 .1  • 11.  nkn  Irnn  Tin  T-  n O 


1 tube,  in  which  it  is  shaken  with  a 


J little  potash  to  absorb  any  excess 

id  n T 1 • ml /-.-I  - + A/lnnl' 


-3  of  chlorine.  The  fragrant  odour 
i of  the  Dutch  liquid  will  then  be 
_l  perceived,  especially  on  pouring  it 


fW 


~j  out  into  a shallow  dish. 


measurement  of  the  illuminating 


In  applying  this  principle  to  the 


hydrocarbons  in  coal  gas,  daylight 
must  be  excluded,  or  an  error 
would  be  caused  by  the  union  of 
J the  free  hydrogen  with  the  chlorine 
i * Tb  a h/j  / pstt.  rnn.v 


* Liquid  ethylene  boils  at  — 102 
reduced  to  — 136°  0. 
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shaking  the  gas  with  the  water  and  bromine,  the  latter  will  absorb  the  illumin- 
ating hydrocarbons  ; and  if  the  tube  be  again  opened  under  water,  the  volume  of 
the  gas  in  a will  be  found  to  have  diminished,  and  the  diminution  gives  an  approxi- 
mate estimate  of  the  olefiant  gas  and  other  illuminating  hydrocarbons. 

A very  instructive  experiment  consists  in  filling  a three-pint  cylinder  one-third 
full  of  olefiant  gas,  then  rapidly  filling  it  up,  under  water,  with  two  pints  of 
chlorine,  closing  its  mouth  with  a glass  plate,  shaking  it  to  mix  the  gases, 
slipping  the  plate  aside  and  applying  a light,  when  the  mixture  burns  with  a red 
flame  which  passes  gradually  down  the  cylinder,  and  is  due  to  the  combination  of 
the  hydrogen  with  the  chlorine,  the  whole  of  the  carbon  being  separated  in  the 
solid  state — C2H4  + Cl4  = 4HCI  + C2. 

When  olefiant  gas  is  subjected  to  the  action  of  high  temperatures,  as 
by  passing  through  heated  tubes,  one  portion  is  decomposed  into  marsh 
gas  (CH.)  with  separation  of  carbon,  whilst  another  portion  yields 
acetylene  (C„H.,)  and  hydrogen;  these  decompositions  will  be  found  to 
be  of  great  importance  in  the  manufacture  of  coal  gas. 

The  action  of  heat  upon  olefiant  gas  is  most  conveniently  shown  by  exposing  it 
to  the  spark  from  an  induction-coil. 

The  gas  is  confined  in  a tube  (A,  fig.  94)  which  is  placed 
in  a cylindrical  jar  (B)  containing  mercury.  Through  the 
mercury  passes  a copper  wire  (C)  thrust  through  a glass 
tube  (D)  to  insulate  it  from  the  mercury ; this  wire  is  con 
nected  with  one  of  the  wires  (E)  from  the  induction-coil, 
whilst  the  other  (F)  is  allowed  to  dip  into  the  mercury 
contained  in  the  cylinder.  On  putting  the  coil  in  action 
(with  two  or  three  cells  of  Grove’s  battery),  the  spark  will 
pass  between  the  extremity  (C)  of  the  insulated  copper  wire 
and  the  surface  of  the  mercury  in  the  tube,  decomposing 
the  olefiant  gas  in  its  passage,  and  causing  a separation  of 
carbon,  which  sometimes  forms  a conducting  communica- 
tion, and  allows  the  current  to  pass  without  a spark.  This 
may  be  obviated  by  reversing  the  current,  or  by  gently 
shaking  the  tube. 

The  olefiant  gas  will  expand  to  nearly  twice  its  former 
volume,  so  that  the  tube  will  gradually  rise  in  the  mercury, 
but  the  same  distance  may  always  be  maintained  for  the 
passage  of  the  spark. 

To  show  the  production  of  acetylene,  another  arrangement  will  be  found  con- 
venient (fig.  95).  A globe  with  four  necks  is  employed;  through  two  of  these 
necks  are  passed,  air-tight  with  perforated  corks,  the 
copper  wires  connected  with  the  induction-coil.  A third 
neck  receives  a tube,  conveying  olefiant  gas  from  a gas- 
holder, whilst  from  the  fourth  proceeds  a tube  dipping  to 
the  bottom  of  a small  cylinder.  When  the  whole  of  the 
ah  has  been  displaced  by  olefiant  gas,  a solution  of 
cuprous  chloride  in  ammonia  is  poured  into  the  cylinder, 
and  the  gas  allowed  to  bubble  through  it,  when  the 
absence  of  acetylene  will  be  shown  by  there  being  no  red 
compound  formed.  As  soon,  however,  as  the  spark  is 
passed,  the  red  precipitate  will  appear,  and,  in  a very  few 
minutes,  a large  quantity  will  be  deposited.  Coal  gas 
may  be  employed  instead  of  olefiant  gas,  but  of  course 
less  of  the  copper  compound  will  be  obtained. 

74.  Marsh  gas  or  light  carburettecl  hydrogen 
(CH4=i6  parts  by  weight  = 2 volumes). — This 
hydrocarbon  is  found  in  nature,  being  produced 
wherever  vegetable  matter  is  undergoing  decom- 
position in  the  presence  of  moisture.  The  bubbles 
rising  from  stagnant  pools,  when  collected  and 
examined,  are  found  to  contain  marsh  gas  mixed 


Fig.  95. — Preparatiou  of 
cuprous  acetylido  from 
olefiaut  gas. 
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with  carbonic  acid  gas,  and  there  is  reason  to-  believe  that  these  two 
gases  represent  the  principal  forms  in  which  the  hydrogen  and  oxygen 
respectively  were  separated  from  wood  during  the  process  of  its  convei  - 
sion  into  coal.  This  would  account  for  the  constant  presence  of  this  gas 
in  the  coal  formations,  where  it  is  usually  termed  fire-damp.  It  is  occa- 
sionally found  pent  up  under  pressure  between  the  layers  of  coal,  and  the 
pores  of  the  latter  are  sometimes  so  full  of  it  that  it  may  he  seen  rising 
in  bubbles  when  the  freshly  hewn  coal  is  thrown  into  water.  Perhaps  a 
similar  origin  is  to  he  ascribed  to  the  liquid  hydrocarbons  chemically 
similar  to  marsh  gas,  which  are  found  so  abundantly  in  Pennsylvania 
and  Canada,  and  are  known  by  the  general  name  of  petroleum.  From 
certain  gas-springs  in  Pennsylvania,  marsh  gas,  olefiant  gas,  and  etliyle 
hydride,  C0HG,  are  discharged  at  very  high  pressure,  and  are  employed 
for  heating  and  lighting. 

Marsh  gas  is  obtained  artificially  by  the  following  process  : — 

<00  grains  of  dried  sodium  acetate  are  finely  powdered  and  mixed,  in  a moitai , 
with  200  grains  of  solid  potash,  and  300  grains  of  powdered  quicklime  (or  witn 
500  grains  of  the  mixture  of  calcium  hydrate  and  sodium  hydrate,  which  is  soici 


//-  — — 

— 
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Fig.  96.— Preparation  of  marsh  gas. 

as  soda-lime ) The  mixture  is  heated  in  a Florence  flask  (or  better  a copper  tube, 
for  the  alkali  corrodes  the  glass)  and  the  gas  collected  over  water  (^g.  96). 

The  decomposition  will  be  evident  from  the  following  equation  . 

NaC„H302  + NaHO  = Na2C03  + CHr 

Sodium’ acetate.  Caustic  soda.  Sodium  carbonate. 

The  marsh  gas  will  be  easily  recognised  by  its  burning  with  a pale 
illuminating  flame,  far  inferior  in  brilliancy  to  those  of  olefiant  gas  and 

acetvlene,  but  unattended  with  smoke. ' c , 

The  properties  of  this  gas  deserve  a careful  study,  on  account  of  the 
frequent  fatal  explosions  to  which  it  gives  rise  m coal-mines,  where  it  m 
often  found  accumulated  under  pressure,  and  discharging  itself  with 
considerable  force  from  the  fissures  or  blowers  made  111  hewing  the  coal. 
Marsh  gas  has  no  characteristic  smell  like  coal  gas,  and  the  miner 
thence  receives  no  timely  warning  of  its  presence  ■ ; it  is  much  lightei 
than  air  (sp.  gr.  0.5596).  and  therefore  very  readily  diffuses,  itself 

* The  gas  prepared  by  the  above  process  contains  acetone  which  increases  its  luminosity. 
For  the  preparation  of  pure  marsh ^ , see  'fu^vbicli ? 'the  high  rate  of  diffusion  of 

S - - * - Tb“ 

apparatus  represented  in  fig.  14  illustrates  1 s Prm  P 
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(page  20)  through  the  air  of  the  mine,  with  which  it  forms  an  explosive 
mixture  as  soon  as  it  amounts  to  one-eighteenth  of  the  volume  of  the 
air.  The  gas  issuing  from  the  blower  would  burn  quietly  on  the 
application  of  a light,  since  the  marsh  gas  is  not  explosive  unless  mixed 
with  the  air,  when  a large  volume  of  the  gas  is  burnt  in  an  instant, 
causing  a sudden  evolution  of  a great  deal  of  heat,  and  a consequent 
sudden  expansion  or  explosion  exei'ting  great  mechanical  force.  The 
most  violent  explosion  takes  place  when  1 volume  of  marsh  gas  is  mixed 
with  2 volumes  of  oxygen,  since  this  quantity  is  exactly  sufficient  to 
effect  the  complete  combustion  of  the  carbon  and  hydrogen  of  the 
gas,  and  therefore  to  evolve  the  greatest  amount  of  heat:  CH4  + 04  = 
002  + 2 ITl>0.  The  calculated  pressure  exerted  by  the  exploding  mixture 
of  marsh  gas  and  oxygen  amounts  to  37  atmospheres,  or  555  lbs.  upon 
the  square  inch.  Since  air  contains  one-fifth  of  its  volume  of  oxygen, 
it  would  be  necessary  to  employ  10  volumes  of  air  to  1 volume  of  marsh 
gas  in  order  to  obtain  perfect  combustion,  but  the  explosion  will  be 
much  less  violent  on  account  of  the  presence  of  the  8 volumes  of  inert 
nitrogen,  the  calculated  pressure  exerted  by  the  explosion  being  only 
14  atmospheres,  or  210  lbs.  on  the  square  inch.  Of  course,  if  more  air 
is  employed,  the  explosion  will  be  proportionally  weaker,  until,  when 
there  are  more  than  1 8 volumes  of  air  to  each  volume  of  marsh  gas,  the 
mixture  will  be  no  longer  explosive,  but  will  burn  with  a pale  flame 
around  a taper  immersed  in  it.  The  carbonic  acid  gas  resulting  from 
the  explosion  is  called  by  miners  the  after-damp,  and  its  effects  are  gene- 
rally fatal  to  those  who  may  have  escaped  death  from  the  explosion  itself. 

Coal  gas,  which  contains  much  hydrogen,  requires  a smaller  volume 
of  air  than  marsh  gas  to  render  it  explosive.  With  16-candle  gas, 
such  as  is  used  in  London,  6 vols.  of  air  to  1 vol.  of  gas  would  give  the 
most  powerful  explosion. 

Fortunately,  marsh  gas  requires  a much  higher  temperature  to  inflame 
it  than  most  other  inflammable  gases ; a solid  body  at  an  ordinary  red 
heat  does  not  kindle  the  gas  unless  kept  in  contact  with  it  for  a consider- 
able period ; contact  with  flame,  or  with  a body  heated  to  whiteness, 
being  required  to  ignite  it  instantaneously. 

If  two  strong  gas  cylinders  be  filled,  respectively,  with  mixtures  of  2 volumes 
hydrogen  with  1 volume  oxygen,  and  of  1 volume 
marsh  gas  and  2 volumes  oxygen,  it  will  be  found, 
on  holding  them  with  their  mouths  downwards, 
and  inserting  a red-hot  iron  bar  (fig.  97),  that  the 
marsh  gas  mixture  will  not  explode,  but  if  the 
bar  be  transferred  at  once  to  the  hydrogen  mix- 
ture, explosion  will  take  place.  A lighted  taper 
may  then  be  used  to  explode  the  marsh  gas  and 
oxygen. 

In  consequence  of  the  high  temperature 
required  to  inflame  the  mixture  of  marsh 
gas  and  air,  it  is  necessary  that  the  mix- 
ture be  allowed  to  remain  for  an  appreci- 
able time  in  contact  with  the  flame  before  its  particles  are  raised  to 
the  igniting  point.  It  was  on  this  principle  that  Stephenson’s  original 
safety  lamp  was  constructed,  the  flame  being  surrounded  with  a tall 
glass  chimney,  the  rapid  draught  through  which  caused  the  explosive 
mixture  to  be  hurried  past  the  flame  without  igniting. 
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To  illustrate  this,  a copper  funnel  holding  about  two  quarts  (fig.  98)  is  employed, 
the  neck  of  which  has  an  opening  of  about  { inch  in  diameter.  The  tunnel  being 
placed  mouth  downwards  in  the  pneumatic  trough,  the  orifice  is  closed  with  tbe 
linger,  and  a half -pint  of  coal  gas  passed  up  into  the  funnel,  ihe  latter  is  now 
raised  from  the  water,  so  that  it  may  become  entirely  filled  with  air.  By  depress- 
ing the  funnel  to  a considerable  depth  in  the  water,  the  aperture  being  still  closed 


Fig-  98- 


Fig.  99- 


by  the  finger,  the  mixture  will  be  confined  under  considerable  pressure,  and  if  a 
lighted  taper  be  held  to  the  aperture,  and  the  finger  removed,  it  will  be  found  that 
the  mixture  sweeps  past  the  flame  without  exploding,  until  the  water  has  reached 
the  same  level  in  the  funnel  as  in  the  trough,  when  the  gas  comes  to  rest  and 
explodes  with  great  violence.  . . 

Davy’s  safety  lamp  (fig.  99)  is  an  application  of  the  principle  that 
ignited  gas  (flame)  is  extinguished  by  contact  with  a large  surface  ol  a 
o-ood  conductor  of  heat,  such  as  copper  or  iron. 

If  a thin  copper  wire  be  coiled  round  into  a helix  and  carefully  placed  over 
the  wick  of  a burning  taper  (fig.  100),  the  flame  will  be  at 
once  extinguished,  its  heat  being  so  rapidly  transmitted 
along  the  wire  that  the  temperature  falls  below  the  point 
at  which  the  combustible  gases  enter  into  combination 
with  oxygen,  and  therefore  the  combustion  ceases.  If 
the  coil  .be  heated  to  redness  in  a spirit-lamp  flame  before 
placing  it  over  the  wick,  it  will  not  abstract  the  heat  so 
readily,  and  will  not  extinguish  the  flame.  If  a copper 
tube  were  substituted  for  the  coiled  wire,  the  same  result 
would  be  obtained,  and  by  employing  a number  of  tubes 
Fig-  ico.  f small  diameter,  so  that  the  metallic  surface  may 

wires  so  as  to  leave  very  narrow  passages,  thus 
rendering  it  impossible  for  the  oxyhydrogen  flame 
at  the  iet  to  pass  back  and  ignite  the  mixture  in 
the  reservoir.  It  is  evident  that  the  exposure  0 
a large  extent  of  cooling  surface  to  the  action  ot 
the  flame  may  be  effected  either  by  increasing 
the  length  or  by  diminishing  the  width  of  the 
metallic  tubes,  so  that  wire  gauze,  which  may  be 
regarded  as  a collection  of  very  short  tubes,  will 
form  an  effectual  barrier  to  flame,  provided  that 
it  has  a suflicient  number  of  meshes  to  the  inch. 
If  a piece  of  iron  wire  gauze,  containing  about. 
Fig.  101.  .00  meshes  to  the  square  inch,  be  depressed 

upon  a flame,  it  will  extinguish  that  portion  with  which  “ k hgtaed 
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jet,  the  gas  may  be  lighted  above  it  without  communicating  the  flame  to  the 
burner  itself. 

When  blazing  spirit  is  poured  upon  a piece  of  wire  gauze  (fig.  ioi),  the  flame 
will  remain  upon  the  gauze,  and  the  extinguished  spirit  will  pass  through.  A 
little  benzene  or  turpentine  may  be  added  to  the  spirit,  so  that  its  flame  may  be 
more  visible  at  a distance. 

The  safety  lamp  (fig.  99)  is  an  oil  lamp,  the  flame  of  which  is  sur- 
rounded by  a cage  of  iron  wire  gauze,  having  700  or  800  meshes  in  the 
square  inch,  and  made  double  at  the  top  where  the  heat  of  the  flame 
chiefly  plays.  This  cage  is  protected  by  stout  iron  wires  attached  to 
a ring  for  suspending  the  lamp.  A brass  tube  passes  up  through  the 
oil  reservoir,  and  in  this  there  slides,  with  considerable  friction,  a wire 
bent  at  the  top,  so  that  the  wick  may  be  trimmed  without  taking  oft’ 
the  cage. 

If  this  lamp  be  suspended  in  a large  jar,  closed  at  the  top  with  a perforated 
wooden  cover  A (fig.  102),  and  having  an  aperture  (B) 
below,  through  which  coal  gas  is  allowed  to  pass  slowly 
into  the  jar,  the  flame  will  be  seen  to  waver,  to  elongate 
itself  very  considerably,  and  will  be  ultimately  extin- 
guished, when  the  wire  cage  will  be  seen  to  be  filled 
with  a mixture  of  coal  gas  and  air  burning  tranquilly 
within  the  gauze,  which  prevents  the  flame  from  pass- 
ing to  ignite  the  explosive  atmosphere  surrounding  the 
lamp  ; that  an  explosive  mixture  really  fills  the  jar  may 
be  readily  ascertained  by  introducing,  through  an 
aperture  (C)  in  the  cover,  the  unprotected  flame  of  a 
taper,  when  an  explosion  will  take  place. 

This  experiment  illustrates  the  action  of  the  Davy 
lamp  in  a mine  which  contains  fire-damp.  It  would 
obviously  be  unsafe  to  allow  the  lamp  to  remain  in  the 
explosive  mixture  when  the  cage  is  filled  with  flame, 
for  the  gauze  would  either  become  sufficiently  heated 
to  kindle  the  surrounding  gas,  or  would  be  oxidised  and  eaten  into  holes,  which 
would  allow  the  passage  of  the  flame.  Nor  should  the  lamp  be  exposed  to  a 
very  strong  current,  which  might  possibly  be  able  to  carry  the  flame  through  the 
meshes. 

The  great  defect  of  the  Davy  lamp  is  that  it  does  not  afford  sufficient 
light,  and  it  has  been  modified  so  as  partially  to  remove  this  defect,  by 
substituting  glass  or  talc  for  some  portions  of  the  wire  gauze.  It  is  now 
usual,  however,  to  employ  the  Davy  lamp  merely  in  order  to  test  the 
state  of  the  air  in  the  different  parts  of  the  mine.  All  coal  contains  a 
considerable  quantity  of  gas  occluded  or  condensed  in  its  pores,  part 
of  which  issues  when  the  surface  of  the  coal  is  exposed,  and  part  is 
retained,  and  can  be  extracted  by  exposure  in  vacuo  and  moderately 
heating.  Bituminous  coals  evolve  more  CO,  and  N,  and  less  CJJ4,  than 
steam  coal  and  anthracite.  Hence  bituminous  coals  may  often  be 
worked  with  naked  lights,  while  seams  of  steam  coal  and  anthracite  are 
dangerous.  Cannel  coal  has  occluded,  beside  the  above  gases,  some 
ethane,  C2H6,  and  Whitby  jet  has  been  found  to  contain  butane,  C,H10. 
The  gas  from  blowers  sometimes  contains  97  per  cent,  by  volume  of 
marsh  gas,  with  a little  CO.,  and  N.  Whenever  naked  flames  are  used 
in  the  mine,  there  must  always  be  great  risk ; in  most  seams  of  coal 
there  are  considerable  accumulations  of  fire-damp ; when  a fissure  is 
made,  the  gas  escapes  very  rapidly  from  the  blower,  and  the  air  in  its 
vicinity  may  soon  become  converted  into  an  explosive  mixture.  In 
mines  where  small  quantities  of  fire-damp  are  known  to  be  continually 
escaping  from  the  coal,  ventilation  is  depended  upon  in  order  to  dilute 
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the  gas  with  so  large  a volume  of  air  that  it  is  no  longer  explosive,  and 
finally  to  sweep  it  out  of  the  mine ; but  it  has  occasionally  happened 
that  the  ventilation  has  been  interfered  with  by  a door  having  been  left 
open  in  one  of  the  galleries,  or  by  a passage  having  been  obstructed 
through  the  accidental  falling  in  of  a portion  of  the  coal,  and  an  explo- 
sive mixture  has  then  been  formed. 

Galloway  has  shown  that  the  presence  of  fine  dust  of  coal  in  the  air 
of  the  mine  greatly  increases  the  liability  to  explosion.  Most  com- 
bustible substances  mixed  in  a finely  divided  state  with  air,  burn  so 
rapidly  as  to  produce  effects  of  explosion.  Flour  mills  have  been  destroyed 
from  this  cause  in  very  dry  weather. 

If  some  lycopodium  be  placed  in  a glass  funnel,  the  stem  of  which  has  been 
lightly  stopped  with  wool,  and  has  two  or  three  feet  of  wide  vulcanised  tubing^ 
attached  to  it,  the  lycopodium  may  be  blown  out  in  a cloud  by  a sudden  puff  of 
air,  and  if  a lighted  taper  be  held  in  the  cloud,  an  immense  volume  of  flame  will 
be  formed. 

(Lycopodium  is  the  seed  of  the  club  moss, — Lycopodium  clavatum, — and  is  used 
for  theatrical  lightning.  It  is  sometimes  called  vegetable  brimstone.) 

An  ingenious  fire-damp  indicator  has  been  constructed  of  two  platinum  wires, 
which  are  heated  by  a magneto-electric  current.  One  wire  is  sheltered  from  the 
fire-damp,  and  the  other,  being  exposed  to  it,  glows  more  strongly  on  account  of 
the  slow  combustion  of  the  fire-damp  at  the  surface  of  the  platinum  (see  Platinum). 
By  a careful  comparison  of  the  two  wires,  it  is  said  that  .25  per  cent,  of  marsh 
gas  in  air  may  be  detected,  whilst  the  Davy  lamp  will  not  indicate  less  than  2 per 
cent. 

Stbucture  of  Flame. 

75.  The  consideration  of  the  structure  and  properties  of  ordinary 
flames  is  necessarily  connected  with  the  history  of  olefiant  gas  and 
marsh  gas.  Flame  may  be  defined  as  gaseous  matter  heated  to  the 
temperature  at  which  it  becomes  visible,  or  emits  light.  Solid  particles 
begin,  for  the  most  part,  to  emit  light  when  heated  to  about  xooo  F. , 
but  gases,  on  account  of  their  lower  radiating  power,  must  be  raised  to 
a far  higher  temperature,  and  hence  the  point  of  visibility  is  seldom 
attained,  except  by  gases  which  are  themselves  combustible,  and  there- 
fore capable  of  producing,  by  their  own  combination  with  atmospheiic 
oxygen,  the  requisite  degree  of  heat.  The  presence  of  a combustible  gas 
(or  vapour),  therefore,  is  one  of  the  conditions  of  the  existence  of  flame  7 
a diamond,  or  a piece  of  thoroughly  carbonised  charcoal,  will  bum  in 
oxygen  with  a steady  glow,  but  without  flame,  since  the  caibon  is  not 
capable  of  conversion  into  vapour,  while  sulphur  burns  with  a voluminous 
flame,  in  consequence  of  the  facility  with  which  it  assumes  the  vapoious 
condition.  It  will  be  observed,  moreover,  that  in  the  case  of  a non- 
volatile combustible,  the  combination  with  oxygen  is  confined  to  the 
surface  of  contact,  whilst  in  the  flame  of  a gas  or  vapour  the  combustion 
extends  to  a considerable  depth,  the  oxygen  intermingling  with  the 

gaseous  fuel.  , , ■, 

Flames  may  be  conveniently  spoken  of  as  simple  or  compound,  accord- 
ingly as  they  involve  one  or  more  phenomena  of  combustion ; thus,  for 
example,  the  flames  of  hydrogen  and  carbonic  oxide  are  simple,  whilst 
those  of  marsh  gas  and  olefiant  gas  are  compound,  since  they  involve 
both  the  conversion  of  hydrogen  into  water  and  of  carbon  into  carbon 

dioxide.  . .. 

It  is  obvious  that  simple  flames  must  be  hollow'  in  ordinary  cases. 
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such  as  that  of  a gas  issuing  from  a tube  into  the  air,  the  hollow  being 
occupied  by  the  combustible  gas  to  which  the  oxygen  does  not  penetrate. 

All  the  flames  which  are  ordinarily  turned  to  useful  account  are  com- 
pound flames,  and  involve  several  distinct  phenomena.  Before  examin- 
ing these  more  particularly,  it  will  be  advantageous  to  point  out  the 
conditions  which  regulate  the  luminosity  of  flames. 

In  order  that  a flame  may  emit  a brilliant  light,  it  is  essential  that  it 
should  contain  particles  which,  either  from  their  own  nature,  or  from 
the  conditions  under  which  they  are  placed,  do  not  admit  of  indefinite 
expansion  by  the  heat  of  the  flame,  but  are  capable  of  being  heated  to 
incandescence.  Thus  the  flame  of  the  oxyhydrogen  blowpipe  (p.  41) 
emits  a very  pale  light,  but  if  the  mixture  of  oxygen  and  hydrogen  be 
restrained  from  expanding  when  fired,  as  in  the  Cavendish  eudiometer 
(p.  36),  it  gives  a bright  flash;  or  if  the  flame  be  directed  upon  some 
solid  body  little  affected  by  the  heat,  such  as  lime,  the  light  is  very 
intense. 

Phosphorus  and  arsenic  burn  with  very  luminous  flames,  in  con- 
sequence of  the  formation  of  very  dense  vapours  of  phosphoric  and 
arsenious  oxides  during  the  combustion;  the  density  of  the  vapours  being 
here  attended  with  the  same  result  as  that  produced  by  the  restrained 
expansion  of  the  steam  formed  in  the  Cavendish  eudiometer. 

It  is  not  necessary  that  the  incandescent  matter  should  be  a product 
of  the  combustion ; any  extraneous  solid  in  a finely 
divided  state  will  confer  illuminating  power  upon  a 
flame.  Thus  the  flame  of  hydrogen  may  be  rendered 
highly  luminous  by  blowing  a little  very  fine  charcoal 
powder  into  it,  from  the  bottle  represented  in  fig.  103. 

The  luminosity  of  all  ordinary  flames  is  due  to  the 
presence  of  highly  heated  carbon  in  a state  of  very 
minute  division,  and  it  remains  to  consider  the  changes 
by  which  this  finely  divided  carbon  is  separated  in  the 
flame. 

A candle,  a lamp,  and  a gas  burner,  exhibit  con- 
trivances for  procuring  light  artificially  in  different  degrees  of  com- 
plexity, the  candle  being  the  most  complex  of  the  three.  When  a new 
candle  is  lighted,  the  first  portion  of  the  wick  is  burnt  away 
until  the  heat  reaches  that  part  which  is  saturated  with  the 
wax  or  tallow  of  which  the  candle  is  composed ; this  wax  or 
tallow  then  undergoes  destructive  distillation,  yielding  a variety 
of  products,  among  which  olefiant  gas  is  found  in  abundance. 

The  flame  furnished  by  the  combustion  of  these  products  melts 
the  fuel  around  the  base  of  the  wick,  through  which  it  then 
mounts  by  capillary  attraction,  to  be  decomposed  in  its  turn, 
and  to  furnish  fresh  gases  for  the  maintenance  of  the  flame. 

In  a lamp,  the  fuel  being  liquid  at  the  commencement,  the 
process  of  fusion  is  dispensed  with ; and  in  a gas  burner, 
where  the  fuel  is  supplied  in  a gaseous  form,  the  process  of 
destructive  distillation  has  been  already  carried  on  at  a dis- 
tance. It  will  be  seen,  however,  that  the  final  result  is 
similar  in  all  three  cases,  the  flame  being  maintained  by  such 
gases  as  acetylene,  marsh  gas,  and  olefiant  gas  arising 
destructive  distillation  of  wax,  tallow,  oil,  coal,  &c. 
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On  examining  an  ordinary  flame,  that  of  a candle,  for  instance,  it  is 
seen  to  consist  of  three  concentric  cones  (fig.  104),  the  innermost  around 
the  wick,  appearing  almost  black,  the  next  emitting  a.  bright  white 
light,  and  the  outermost  being  so  pale  as  to  be  scarcely  visible  in  broad 

daylight. 

The  dark  innermost  cone  consists 
merely  of  the  gaseous  combustible  to 
which  the  air  does  not  penetrate,  and 
which  therefore  is  not  in  a state  of 
combustion. 

J The  nature  of  this  cone  is  easily  shown  by 
experiment : a strip  of  cardboard  held  across 
the  flame  near  its  base  will  not  burn  in  the 
centre  where  it  traverses  the  innermost  cone ; 
a a piece  of  wire  gauze  depressed  upon  the  flame 
; ' near  the  wick  (fig.  105)  will  allow  the  passage 
of  the  combustible  gas,  which  may  be  kindled 
above  it.  The  gas  may  be  conveyed  out  of  the 
flanle  by  means  of  a glass  tube,  inserted  into  the  innermost  cone,  and  may  be 
kindled  at  the  other  extremity  of  the  tube,  which  should  be  inclined  downwards 
(fig.  106). 


A piece  of  phosphorus  in  a small  spoon  held  in  the  interior  of  the  flame  of  a 
spirit-lamp  will  melt  and  boil,  but  will  not  burn  unless  it  be  removed  fiom  the 
flame,  and  may  then  be  extinguished  by  replacing  it  in  the  flame. 

The  combustible  gas  from  the  interior  of  a flame  may  be  collected  m a flask 
(fi°\  107)  furnished  with  two  tubes,  one  of  which  (A)  is 
drawn  out  to  a point  for  insertion  into  the  flame,  whilst 
the  other  (B),  which  passes  to  the  bottom  of  the  flask,  is 
bent  over  and  prolonged  by  a piece  of  vulcanised  tubing  so 
that  it  may  act  as  a siphon.  Ihe  flask  is  filled  up  with 
water,  the  jet  inserted  into  the  interior  of  a flame,  and  the 
siphon  set  running  by  exhausting  it  with  the  mouth.  As 
the  water  flows  out  ‘through  the  siphon,  the  gas  is  drawn 
into  the  flask,  and  after  removing  the  tube  fiom  the  flame, 
the  gas  may  be  expelled  by  blowing  down  the  siphon  tube, 
and  may  be  burnt  at  the  jet.  When  a caudle  is  used  i or 
this  experiment,  some  solid  products  of  destructive  distilla- 
tion will  be  found  condensed  in  the  flask. 

In  the  second  or  luminous  cone,  combustion  is  taking  place,  but  it  is 
by  no  means  perfect,  being  attended  by  the.  separation  of  a quantity  of 
carbon,  which  confers  luminosity  upon  this  part  of  the  flame,  the 
presence  of  free  carbon  is  shown  by  depressing  a piece  of  porcelain 
upon  this  cone,  when  a black  film  of  soot  is  deposited.  The  liberation 
of  the  carbon  is  due  to  the  decomposition  of  the  olefiant  gas  and 
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similar  hydrocarbons  by  the  heat,  which  separates  the  carbon  from  the 
hydrogen,  and  this  latter  undergoing  combustion  evolves  sufficient  heat 
to  raise  the  separated  carbon  to  a white  heat,  the  supply  of  air  which 
penetrates  into  this  portion  of  the  dame  being  insufficient  to  effect  the 
combustion  of  the  whole  of  the  carbon. 

Some  very  simple  experiments  will  illustrate  the  nature  of  the  luminous  portion 
of  flame. 

Over  an  ordinary  candle  flame  (fig.  108)  a tube  may  be  adjusted  so  as  to  convey 
the  finely  divided  carbon  from  the  luminous  part  of  the  flame  into  the  flame  of 
hydrogen,  which  will  thus  be  rendered  aS  lufninous  as  the  candle  flame,  the  dark 
colour  of  the  carbon  being  apparent  in  its  passage  through  the  tube. 


A bottle  furnished  with  two  straight  tubes  (fig.  109)  is  connected  with  a reser- 
voir of  hydrogen.  One  of  the  tubes  is  provided  with  a small  piece  of  wider  tube 
containing  a tuft  of  cotton  wool.  On  kindling  the  gas  at  the  orifice  of  each  tube, 
no  difference  will  be  seen  in  the  flames  until  a drop  of  benzene  (C,.HB)  is  placed 
upon  the  cotton,  when  its  vapour,  mingling  with  the  hydrogen,  will  furnish  enough 
carbon  to  render  the  flame  brilliantly  luminous. 

Fig.  no  shows  a more  convenient  apparatus  for  the  same  purpose;  the  hydro- 
gen being  passed  in  through  c,  burns  from  the  tube  a with  non-luminous  flame, 
and  from  the  tube  b,  after  passing  over  a piece  of  cotton  moistened  with  benzene, 
with  a luminous  flame. 

The  pale  outermost  cone,  or  mantle,  of  the  flame,  in  which  the 
separated  carbon  is  finally  consumed,  may  be  termed  the  cone  of  perfect 
combustion,  and  is  much  thinner  than  the 
luminous  cone,  the  supply  of  air  to  this  external 
shell  of  flame  being  unlimited,  and  the  combus- 
tion therefore  speedily  effected. 

The  mantle  of  the  flame  may  be  rendered  more 
visible  by  burning  a little  sodium  near  the  flame, 
when  the  mantle  is  tinged  strongly  yellow. 

By  means  of  a siphon  about  one-third  of  an  inch 
in  diameter  (fig.  in),  the  nature  of  the  different  por- 
tions of  an  ordinary  candle  flame  may  be  very 
elegantly  shown.  If  the  orifice  of  the  siphon  be  Fig.  m. 

brought  just  over  the  extremity  of  the  wick,  the  com- 
bustible gases  and  vapours  will  pass  through  it,  and  may  be  collected  in  a small 


106  • EXPERIMENTS  ON  FLAME. 

flask,  where  they  can  "be  kindled  by  a taper.  On  raising  the  orifice  into  the 
luminous  portion  of  the  flame,  voluminous  clouds  of  black  smoke  will  pour  over 
into  the  flask,  and  if  the  siphon  be  now  raised  a little  above  the  point  of  the 
flame,-  carbonic  acid  gas  can  be  collected  in  the  flask,  and  may  be  recognised 
by  shaking  with  lime-water. 

The  reciprocal  nature  of  the  relation  between  the  combustible  gas  and  the  air 
which  supports  its  combustion,  may  be  illustrated  in  a striking  manner  by  burn- 
ing a jet  of  air  in  an  atmosphere  of  coal  gas. 

A quart  glass  globe  with  three  necks  is  connected  at  A (fig.  112)  with  the  gas- 
pipe  by  a vulcanised  tube.  The  second  neck  (B),  at  the  upper  part  of  the  globe, 


b 
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Fig.  112. — Air  burning  in 
coal  gas. 


Fig.  113. 


— To  make  a three-necked  flask. 


is  connected  by  a short  piece  of  vulcanised  tube  with  a piece  of  glass  tube 
about  4 inch  wide,  from  which  the  gas  may  be  burnt.  Into  the  third  and  lower- 
most neck  is  inserted,  by  means  of  a cork,  a thin  brass  tube  C (an  old  cork-borer), 
about  4 inch  in  diameter.  When  the  gas  is  turned  on,  it  may  be  lighted  at  the 
upper  neck  ; and  if  a lighted  match  be  then  quickly  thrust  up  the  tube  C,  the  air 
which  enters  it  will  take  fire,  and  burn  inside  the  globe. 

A very  inexpensive  apparatus  for  this  purpose  may  be  constructed  from  a 
common  Florence  oil-flaslc.  By  applying  a blowpipe  flame  at  A (fig.  113),  so  as 
to  heat  to  whiteness  a spot  as  large  as  a threepenny-piece,  and  quickly  blowing 
into  the  neck  of  the  flask,  the  heated  portion  of  the  glass  may  be  made  to  bulge 
out.  A similar  protuberance  is  then  to  be  formed  at  B.  A sharp-pointed  flame 
is  directed  upon  A,  and  the  glass  burst  by  blowing  into  the  flask  whilst  it  is  still 
exposed  to  the  flame.  By  fusing  the  edges  of  the  hole  thus  produced,  and  turn- 
ing them  outwards  with  the  end  of  a file,  a short  neck  may  be  formed  capable  of 

receiving  a cork.  "When  this  is  cool,  it  is  closed  with 
a cork,  and  a second  similar  neck  is  produced  at  B- 
A simple  experiment  to  show  the  burning  of  gas  in 
air  may  be  made  with  an  Argand  burner  (fig.  114)- 
The  flame  having  been  turned  low,  a dish  (or  dial -glass 
containing  water  to  prevent  cracking)  is  placed  so  as 
to  close  the  top  of  the  chimney,  when  the  gas  flame 
will  be  extinguished,  and  the  air  which  enters  the 
inner  circle  will  burn  with  a pale  flame  which  may 
be  made  more  visible  by  thrusting  up  a copper  wire 
dipped  in  hydrochloric  acid.  A bottomless  beaker 
makes  a good  chimney  for  this  purpose. 

From  this  review  of  the  structure  of  flame, 
it  is  evident  that,  in  order  to  secure  a flame 
which  shall  be  useful  for  illumination,  attention 
must  be  paid  to  the  supply  of  oxygen  (or  air), 
and  to  the  composition  of  the  fuel  employed. 
The  use  of  the  chimney  of  an  Argand  burner  (fig.  114)  affords  an 
instance  of  the  necessity  for  attention  to  the  proper  supply  of  an. 


Fig.  114. — Argand  burner. 
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Without  the  chimney,  the  flame  is  red  at  the  edges,  and  smoky,-  for 
the  supply  of  air  is  not  sufficient  to  consume  the  whole  of  the  carbon 
which  is  separated,  and  the  temperature  is  not  competent  tp  raise  it  to 
a bright  white  heat,  defects  which  are  remedied  as  soon  as  the  chimney 
is  placed  over  it  and  the  rapidly  ascending  heated  column  of  air  draws 
in  a liberal  supply  beneath  the  burner,  as  indicated  by  the  arrows. 

By  using  two  chimneys,  and  causing  the  air  to  pass  down  between 
them,  so  as  to  be  heated  to  about  500°  F.  before  reaching  the  flame,  an 
equal  amount  of  light  may  be  obtained  from  a much  smaller  supply 


of  gas. 

The  smokeless  gas  burners  employed  in  laboratories  and  kitchens 
exhibit  the  result  of  mixing  the  gas  with  a considerable  proportion  of 
air  before  burning  it,  the  luminous  part  of  the  flame  then  entirely 
disappearing,  with  great  augmentation  of  the  temperature  of  the  flame, 
since  the  carbon  is  burnt  simultaneously  with  the 
hydrogen,  and  the  size  of  the  flame  is  diminished. 

The  most  efficient  burner  of  this  kind  (Bunsen's  burner, 
fig.  1 1 5)  is  that  in  which  the  gas  is  conveyed  through  a 
narrow  jet  into  a wide  tube,  at  the  base  of  which  there 
are  four  large  holes  for  the  admission  of  air.  When  a 
good  supply  of  gas  is  turned  on,  a quantity  of  air,  about 
twice  the  volume  of  the  gas,  is  drawn  in  through  the  lower 
apertures,  and  the  mixture  of  air  and  gas  may  be  kindled 
at  the  orifice  of  the  wide  tube,  its  rapid  motion  prevent- 
ing the  flame  from  passing  down  within  the  tube.  This 
tube  is  sometimes  surmounted  by  a rosette  burner  to  dis- 
tribute the  flame.  By  closing  the  air-holes  with  the  fingers,  a luminous  flame  js  at 
once  produced. 

The  luminosity  of  the  flame  may  also  be  destroyed  by  supplying  nitrogen 
instead  of  air  to  the  Bunsen  burner,  when  the  diminution  of  light  is  due  partly 
to  the  increased  area  of  the  flame  and  partly  to  the  cooling  effect  of  the  nitrogen. 

The  temperature  of  the  Bunsen  flame  is  estimated  to  be 
1200°  C.  in  the  inner  blue  flame,  and  1350°  C.  in  the  outer 
layer  or  mantle  of  the  flame. 

The  gauze  burner  (fig.  116)  consists  of  an  open  cylinder 
surmounted  by  wire  gauze.  When  this  is  placed  over  the 
gas  burner,  a supply  of  air  is  drawn  in  at  the  bottom  by 
the  ascending  stream  of  gas,  and  the  mixture  burns  above 
the  gauze  with  a very  hot  smokeless  flame,  the  metallic 
meshes  preventing  the  flame  from  passing  down  to  the  gas 
below. 


Fk 


115. — Bunsen’s 
burner. 


The  luminosity  of  a flame  is  materially  affected  Big-  x 16.— Gauze 
by  the  pressux-e  of  the  atmosphere  in  which  it  burns,  bmnei. 

a diminution  of  pressure  causing  a loss  of  illuminating  power.  If  the 
light  of  a given  flame  burning  in  the  air  when  the  bai’ometer  stands  at 
30  iixches  be  represexited  by  100,  each  dixninxxtioxx  of  one  inch  ixx  the 
height  of  the  barometer  will  reduce  the  luminosity  by  five ; and  con- 
versely, when  the  bax-ometer  rises  oxxe  inch,  the  luminosity  will  be 
increased  by  five.  This  is  not  dxxe  to  any  difference  in  the  rate  of 
burning,  which  remains  pretty  constant,  bxxt  to  the  more  complete 
interpenetration  of  the  rarefied  air  and  the  gases  composing  the  flame  ; 
this  gives  rise  to  the  separation  of  a smaller  quaxxtity  of  ixicandescent 
carbon.  In  air  at  a pressure  of  120  inches  of  mercury,  the  flame  of 
alcohol  is  highly  luminous. 

The  following  table  exhibits  the  compositioxi  of  soxxxe  of  the  principal 
substances  concerxxed  in  producing  ordinary  flames : — 
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THE  BLOWPIPE  FLAME. 


Fuel. 

Formula. 

1 

Weight  0 

in  One  Volume 
of  Vapour. 

f Carbon 

in  Proportion  to 
Hydrogen. 

Marsh  gas  .... 

ch4 

6 

3 

Olefiant  gas 

c„h4 

12 

6 

Acetylene  .... 

c2h„ 

12 

12 

Alcohol  .... 

C,H(iO 

12 

4 

Benzene  .... 

C0He 

36 

12 

Paraffin  oil 

c7h,g 

42 

c 

Turpentine 

c,0h1g 

60 

Is 

Naphthalene 

CioHs 

fio 

15 

Paraffin  wax 

Ck.LLu 

CVJ 

5-6 

Wax 

c4Bh8a 

6 

Stearin  (tallow) . 

C57Ii110O3 

... 

6.2 

Olein  (oil)  .... 

C57H10JO0. 

... 

6.6 

It  will  be  observed  that  marsh  gas  and  alcohol  have  no  illuminating 
value,  because  they  contain  too  little  carbon  in  proportion  to  the 
hydrogen.  On  the  other  hand,  acetylene,  benzene,  naphthalene,  and 
turpentine  contain  too  much  carbon,  and  burn  with  smoky  flames. 
Paraffin  oil,  though  containing  less  carbon  in  proportion  to  hydrogen 
than  the  animal  and  vegetable  oils  (olein),  gives  a flame  with  moie 
tendency  to  smoke,  because  of  the  large  amount  of  carbon  in  one  a olume 
of  its  vapour.  The  animal  and  vegetable  oils  are  decomposed  by  the 

heat  into  simpler  molecules,  such  as  marsh  gas, 
olefiant  gas,  and  acetylene,  which  contain  less 
carbon  in  each  volume  of  vapour.  Benzene  (coal 
naphtha)  vapour  when  mixed  with  air  burns 
with  a smokeless  flame. 

If  a piece  of  cotton  wool,  moistened  with  benzene,  be 
placed  in  a flask  provided  with  two  tubes  (fig.  117),  it 
will  be  found,  on  gently  warming  the  flask  by  dipping  it 
into  hot  water,  and  blowing  through  one  of  the  tubes, 
that  the  mixture  of  benzene  vapour  and  air  issuing  from 
the  other  tube  will  burn  with  a smokeless  bright  flame. 

If  coal  gas,  which  is  essentially  a mixture  of 
hydrogen,  marsh  gas,  and  olefiant  gas,  and  gene- 
rally contains  rather  too  much  hydrogen  in  pro- 
portion to  its  carbon,  be  enriched  with  carbon  by 
passing  over  benzene  (light  coal  naphtha)  or  naphthalene,  as  in  the 
albo-carbon  light,  it  burns  with  a far  more  luminous  flame. 

76.  The  blowpipe  flame. — The  principles  already  laid  down  will  lendei 
the  structure  of  the  blowpipe  flame  easily  intelligible.  . It  must  be 
remembered  that  in  using  the  blowpipe,  the  stream  of  air  is  not  pio- 
pellecl  from  the  lungs  of  the  operator  ( where  a great  part  of  its  oxygen 
would  have  been  consumed),  but  simply  from  the  mouth,  by  the  action 
of  the  muscles  of  the  cheeks.  The  first  apparent  effect  upon  the  flame 
is  entirely  to  destroy  its  luminosity,  the  free  supply  of  air  effecting  the 
immediate  combustion  of  the  carbon.  The  size  of  the  flame,  moreover, 
is  much  diminished,  and  the  combustion  being  concentrated  into  a 
smaller  space,  the  temperature  must  be  much  high ei  at  ,.m  gi\  en  pom 
of  the  flame.  In  structure,  the  blowpipe  flame  is  similar  to  the  ordinary 
flame,  consisting  of  three  distinct  cones,  the  innermost  of  which  (A, 
fig  1 1 8)  is  filled  with  the  cool  mixture  of  air  and  combustible  gas.  I he 
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second  cone,  especially  at  its  point  (R),  is  termed  the  reducing  flame, 
for  the  supply  of  oxygen  at  that  part  is  not  sufficient  to  convert  the 
carbon  into  carbon  dioxide,  but 
leaves  it  .as  carbonic  oxide,  which 
speedily  reduces  almost  all  metallic  ( 
oxides  placed  in  that  part  of  the 
flame  to  the  metallic  state.  The 
outermost  cone  (0)  is  called  the 
oxidising  flame,  for  there  the  supply 
of  oxygen  from  the  surrounding 
air  is  unlimited,  and  any  substance 
prone  to  combine  with  oxygen  at  a 
high  temperature  is  oxidised  when  exposed  to  the  action  of  that  poition 
of  the  flame ; the  hottest  point  of  the  blowpipe  flame,  where  neither 
fuel  nor  oxygen  is  in  excess,  appears  to  be  a very  little  in  advance  of 
the  extremity  of  the  second  (reducing)  cone.  The  difference  in  the 
operation  of  the  two  flames  is  readily  shown  by  placing  a little  red  lead 


Pig.  1 18. — Blowpipe  flame. 


Fig.  1 19. — Reduction  of  metals  on  charcoal. 


(oxide  of  lead)  in  a shallow  cavity  scooped  upon  the  surface  of  a piece  of 
charcoal  (fig.  119),  and  directing  the  flames  upon  it  in  succession ; the 
inner  flame  will  reduce  a globule  of  metallic  lead,  which  may  be  recon- 
verted into  oxide  by  exposing  it  to  the  outer  flame.* 

The  immense  service  rendered  by  this  instrument  to  the  chemist  and 
mineralogist  is  well  known. 

By  forcing  a stream  of  oxygen  through  a flame,  from  a gas-holder  or 
bag,  an  intensely  hot  blowpipe  flame  is  obtained,  in  which  pipeclay  and 
platinum  may  be  melted,  and  iron  burns  with  great  brilliancy. 

Fletcher’s  hot-blast  blowpipe  (fig.  120)  produces 
a much  higher  temperature  than  the  ordinary 
blowpipe.  Coal  gas  is  supplied  through  the  tube 
and  is  kindled  at  the  Bunsen  burners  b b and 
at  the  orifice  f,  the  supply  to  the  former  being 
regulated  by  the  stop-cock  c,  and  to  the  latter 
by  the  stop-cock  d.  The  flames  of  the  Bunsen 
burners  heat  the  spiral  copper  tube  e to  redness, 
so  that  the  air  blown  in  through  the  flexible 
tube  a is  strongly  heated  before  being  projected 
into  the  flame  through  a blowpipe  jet  at  /.  Thin 
platinum  wires  melt  easily  in  this  flame,  and 
thin  iron  wires  burn  away  rapidly. 

77.  Determination  of  the  composition  of 
gases  containing  carbon  and  hydrogen. — In  order’  to  ascertain  the  pro- 


o By  directing  the  reducing  flame  upon  the  metallic  oxide  in  the  cavity,  and  allowing 
the  oxidising  flame  to  sweep  over  the  surface  of  the  charcoal,  as  shown  in  the  figure,  a 
yellow  incrustation  of  oxide  of  lead  is  formed  upon  the  surface  of  the  cliaicoal,  which 
affords  additional  evidence  of  the  nature  of  the  metal. 
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ANALYSIS  OF  MARSH  GAS. 


portions  of  carbon  and  hydrogen  present  in  a gas,  a measured  volume 
of  the  gas  is  mixed  with  an  excess  of  oxygen,,  the  volume  of  the  mix- 
ture carefully  noted,  and  explosion  determined  by  passing  the  electric 
spark ; the  gas  remaining  after  the  explosion  is  measured  and  shaken 
with  potash,  which  absorbs  the  carbonic  acid  gas,  from  the  volume  of 
which  the  proportion  of  carbon  may  be  calculated.  For  example, 

0.4  cubic  inch  of  marsh  gas,  mixed  with 
1.0  ,,  oxygen,  and  exploded,  left 

0.6  ,,  gas  ; shaken  with  potash,  it  left 

0.2  ,,  oxygen, 

showing  that  0.4  cubic  inch  of  carbonic  acid  gas  had  been  produced. 
This  quantity  would  contain '0.4  cubic  inch  of  oxygen.  Deducting  this 
last  from  the  total  amount  of  oxygen  consumed  (0.8  cubic  inch),  we 
have  0.4  cubic  inch  for  the  volume  of  oxygen  consumed  by  the  hydrogen. 
Now,  0.4  cubic  inch  of  oxygen  would  combine  with  0.8  cubic  inch  of 
hydrogen,  which  represents  therefore  the  amount  of  hydrogen  in  the 
marsh  gas  employed.  It  has  thus  been  ascertained  that  the  marsh  gas 


contains  twice  its  volume  of  hydrogen. 

Sp.  gr.  (to  H)  or  weight  of  1 volume  of  marsh  gas  . = 8 

weight  of  2 volumes  (one  molecule)  . = 16 

2 volumes  of  marsh  gas  contain  4 volumes  H,  weighing  . 4 

2 volumes  of  marsh  gas  contain  x volume  C,  weighing . . 12 


For  the  purpose  of  illustration,  the  analysis  of  marsh  gas  may  be  effected  in 
a Ure’s  eudiometer  (fig.  121),  but  a considerable  excess  of  oxygen  should  be 

added  to  moderate  the  explosion.  The  eudiometer 
having  been  filled  with  water,  o.  1 cubic  inch  of  marsh 
gas  is  introduced  into  it,  as  described  at  p.  38,  and 
having  been  transferred  to  the  closed  limb  and  accu- 
rately measured  after  equalising  the  level  of  the 
water,  the  open  limb  is  again  filled  up  with  water,  the 
eudiometer  inverted  in  the  trough,  and  1.2  cubic  inch 
of  oxygen  added ; this  is  also  transferred  to  the  closed 
limb  and  carefully  measured.  The  electric  spark  is 
passed  through  the  mixture  (see  p.  38),  the  open  limb 
being  closed  by  the  thumb.  The  level  of  the  water  in 
both  .limbs  is  then  equalised,  and  the  volume  of  gas 
measured.  The  open  limb  is  filled  up  with  a strong 
solution  of  potash,  and  closed  by  the  thumb,  so  that 
the  gas  may  be  transferred  from  the  closed  to  the  open 
limb  and  back,  until  its  volume  is  no  longer  diminished  by  the  absorption  of  carbon 
dioxide.  The  volume  of  residual  oxygen  having  been  measured,  the  calculation 
is  effected  as  above  described. 

The  results  are  more  exact  when  the  eudiometer  is  filled  with  mercury  instead 
of  water. 

Coal  Gas. 

78.  The  manufacture  of  coal  gas  is  one  of  the  most  important  appli- 
cations of  the  principle  of  destructive  distillation,  and  affords  an  excellent 
example  of  the  tendency  of  this  process  to  develop  new  arrangements 
of  the  elements  of  a compound  body.  The  action  of  heat  upon  coal,  in 
a vessel  from  which  air  is  excluded,  gives  rise  to  the  production  of  a 
very  large  number  of  compounds  containing  some  two  or  more  of  the 
five  elements  of  the  coal,  in  different  proportions,  or  in  different  forms 
of  arrangement.  Although  no  clue  has  yet  been  obtained  to  indicate 
the  true  arrangement  of  these  elements  in  the  original  coal  (or,  as  it 
is  termed,  the  constitution  of  the  coal),  it  is  certain  that  these  various 


Fig.  121. 

Siphon  eudiometer. 
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compounds  do  not  exist  in  it  before  the  application  of  heat,  but  are 
really  the  results  of  its  action  ; that  they  are  indeed  products  and  not 
educts. 


The  most  important  forms  assumed  by  the  carbon  and  hydrogen  when 
coal  is  strongly  heated,  are— 

Hydrogen 

T . . , f Benzene 

Squids  Toluene 


Gases 


I 


c6hg 

C7Hs 


£ 


Marsh  gas  . CH4 
Olefiant  gas  C2H4 
Acetylene  . C.,H., 

Butylene  . C4H8 
Tlufnitrogen  of  the  coal  reappears  in  the  forms  of — 

Nitrogen 

Ammonia  . . NHS  1 

Aniline  . . . C,.H,N  - Alkaline 

Quinoline  . . C„H,N  J 

Hydrocyanic  acid  . CHN 

The  oxygen  contributes  to  the  production  of — 

(Water  . 


(Naphthalene . 
Anthracene  . 
Paraffin 
Coke  . 


c,0h8 

cmh10 

c„h,4 


Gases 


Liquids 


Gases', 


( Carbonic  oxide  . CO 


(Carbon  dioxide  . C02 


Liquids  - Acetic  acid 
( Carbolic  acid 


H.,0 

C,H40, 

CcHcO" 


Sulphur  is  found  among  the  products  as — 

Sulphuretted  hydrogen  gas  . HaS  | volatile)/  Carbon  disulphide  CS„ 

The  illuminating  gas  obtained  from  coal  consists  essentially  of  free 
hydrogen,  marsh  gas,  olefiant  gas,  and  carbonic  oxide,  with  small 
quantities  of  acetylene,  benzene  vapour,  and  some  other  substances. 
Its  specific  gravity  is  about  0.4,  and  varies  inversely  as  its  illuminating 
value. 

A fail’  general  idea  of  its  composition  is  given  by  the  following 
table  : — 


Composition  by  volume. 
Hydrogen  . 

Marsh  gas  . 
Carbonic  oxide  . 
Olefiant  gas* 
Carbonic  acid  gas 
Nitrogen  . 
Oxygen 


Gas  from  Newcastle  Coal. 

• 43-99 

. 39.36 

6.42 
. 4.12 

. Traces 

• 5-40 
0.40 


Gas  from  Cannel. 
41.72 
41.88 
4-98 
8.72 
0.00 
2.71 
0.00 


99.69  ...  100.01 

The  only  constituents  which  contribute  directly  to  the  illuminating 
value  of  the  gas  are  the  vapour  of  benzene,  acetylene,  olefiant  gas,  and 
similar  hydrocarbons. 

The  most  objectionable  constituent  is  the  sulphur  present  as  sul- 
phuretted hydrogen  and  bisulphide  of  carbon,  for  this  is  converted  by 
combustion  into  sulphuric  acid,  which  seriously  injures  pictures,  fur- 
niture, lire.  The  object  of  the  manufacturer  of  coal  gas  is  to  remove, 
as  far  as  possible,  everything  from  it,  except  the  constituents  men- 
tioned as  essential,  and  at  the  same  time  to  obtain  as  large  a volume  of 
gas  from  a given  weight  of  coal  as  is  consistent  with  good  illuminating 
value. 

The  mode  of  purifying  the  gas,  and  the  general  arrangements  for  its 
manufacture,  will  be  described  in  a later  part  of  the  work. 


9 Including  the  benzene  vapour,  acetylene,  &c.  The  coal  gas  of  Paris  has  been  found 
to  contaiu  as  much  as  3 per  ceut.  by  volume  of  vapour  of  benzene. 
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SILICON. 


The  destructive  distillation  of  coal  may  be  exhibited  with  the  arrangement 
represented  in  fig.  122.  The  solid  and  liquid  products  (tar,  ammoniacal  liquor, 
&c.)  are  condensed  in  the  globular  receiver  (A).  The  first  bent  tube  contains, 


Fig.  122. — Destructive  distillation  of  coal. 


in  one  limb  (B),  apiece  of  red  litmus-paper  to  detect  ammonia;  and  in  the 
other  (C)  a piece  of  paper  impregnated  with  lead  acetate,  which  will  be  blackened 
A by  the  sulphuretted  hydrogen.  The  second  bent 

tube  (D)  contains  enough  lime-water  to  fill  the  bend, 
which  will  be  rendered  milky  by  the  carbonic  acid 
gas.  The  gas  is  collected  over  water,  in  the  jar  E, 
which  is  furnished  with  a jet  from  which  the  gas 
may  be  burnt  when  forced  out  by  depressing  the 
jar  in  water. 

The  presence  of  acetylene  in  coal  gas  may  be 
shown  by  passing  the  gas  from  the  supply-pipe 
(A,  fig.  123),  first  through  a bottle  (B)  containing  a 
little  ammonia,  then  through  a bent  tube  (C)  with 
enough  water  to  fill  the  bend,  and  a piece  of  bright 
sheet  copper  immersed  in  the  water  in  each  limb. 
After  a short  time  the  bright  red  flakes  of  the  copper  acetylide  will  be  seen  in 
the  water. 

SILICON. 


79.  In  many  of  its  chemical  relations  to  other  bodies,  this  element 
will  be  found  to  bear  a great  resemblance  to  cai'bon  ; but  whilst  carbon 
is  the  characteristic  element  of  organic  substances,  silicon  is  the  most 
abundant  in  the  mineral  world,  where  it  is  chiefly  found  in  combination 
with  oxygen,  as  silica  (SiO,),  either  alone  or  as  silicates. 

Silica  (SiO,=  60  parts  ' by  weight).— The  purest  natural  form  of 
silica  is  the  transparent  and  colourless  variety  of  quartz  known  as  rock 

crystal,  the  most  widely 
diffused  ornament  of  the 
mineral  world,  often  seen 
crystallised  in  beautiful 
six-sided  prisms,  termi- 
nated by  six-sided  pyra- 
mids (fig.  124),  which  are 
„ , always  easily  distinguished 

Fig.  124.  Cijstal  o quai  z.  ]jy  their  great  hardness, 

scratching  glass  almost  as  readily  as  the  diamond.  Coloured  of  a 
delicate  purple,  probably  by  a little  organic  matter,  these  crystals  are 
known  as  amethyst ; and  when  of  a brown  colour,  as  Cairngorm  stones 
or  Scotch  pebbles.  Losing  its  transparency  and  crystalline  structure, 
we  meet  with  silica  in  the  form  of  chalcedony  and  of  carnclian,  usually 
coloured,  in  the  latter,  with  oxide  of  iron. 


SILICA. 
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Hardly  any  substance  has  so  great  a share  in  the  lapidary’s  art  as 
silica,  for  in  addition  to  the  above  instances  of  its  value  for  ornamental 
purposes,  we  find  it  constituting  jasper,  agate , cat’s  eye , onyx,  so  much 
prized  for  cameos,  opal , and  some  other  precious  stones.  In  opal  the 
silica  is  combined  with  water. 

Sand,  of  which  the  whiter  varieties  are  nearly  pure  silica,  appears 
to  have  been  formed  by  the  disintegration  of  siliceous  rocks,  and  has 
generally  a yellow  or  brown  colour,  due  to  the  presence  of  oxide  of 
.iron. 

The  resistance  offered  by  silica  to  all  impressions  has  become  pro- 
verbial in  the  case  of  flint,  which  consists  essentially  of  that  substance 
coloured  with  some  impurity.  Flints  are  generally  found  in  compact 
masses,  distributed  in  regular  beds  throughout  the  chalk  formation ; 
their  hardness,  which  even  exceeds  that  of  quartz,  formerly  rendered 
them  useful  for  striking  sparks  with  steel,  by  detaching  small  particles 
of  the  metal,  which  are  so  heated  by  the  percussion  as  to  continue  to 
burn  (see  p.  31)  in  the  air,  and  to  inflame  tinder  or  gunpowder  upon 
which  they  are  allowed  to  fall. 

The  part  taken  by  silica  in  natural  operations  appears  to  be  chiefly  a 
mechanical  one,  for  which  its  stability  under  ordinary  influences  pecu- 
liarly fits  it,  for  it  is  found  to  constitute  the  great  bulk  of  the  soil  which 
serves  as  a support  and  food  reservoir  of  land  plants,  and  enters  largely 
into  the  composition  of  the  greater  number  of  rocks. 

But  that  this  substance  is  not  altogether  excluded  from  any  share  in 
life,  is  shown  by  its  presence  in  the  shining  outer  sheath  of  the  stems  of 
the  grasses  and  cereals,  particularly  in  the  hard  external  coating  of  the 
Dutch  rush  used  for  polishing;  and  this  alone  would  lead  to  the  inference 
that  silica  could  not  be  absolutely  insoluble,  since  the  capillary  vessels 
of  plants  are  known  to  be  capable  of  absorbing  only  such  substances  as  are 
in  a state  of  solution.  Many  natural  waters  also  present  us  with  silica 
in  a dissolved  state,  and  often  in  considerable  quantity,  as,  for  example, 
in  the  Geysers  of  Iceland,  which  deposit  a coating  of  silica  upon  the 
earth  around  their  borders. 

Pure  water,  however,  has  no  solvent  action  upon  the  natural  varieties 
of  silica.  The  action  of  an  alkali  is  required  to  bring  it  into  a soluble 
form. 

To  effect  this  upon  the  small  scale,  some  white  sand  is  very  finely 


Fig.  125. — Fusion  on  platinum  foil. 


powdered  (in  an  agate  mortar),  mixed  with  about  four  times  its  weight 
of  dried  sodium  carbonate,  placed  upon  a piece  of  platinum  foil  slightly 
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bent  up  (fig.  125),  and  fused  by  directing  the  flame  of  a blowpipe  upon 
the  under  side  of  the  foil.  Effervescence  will  be  observed,  due  to  the 
escape  of  carbonic  acid  gas.  The  piece  of  platinum  foil,  when  cool,  may 
be  placed  in  a little  warm  water,  and  allowed  to  soak  for  some  time, 


when  the  melted  mass  will  gradually  dissolve,  forming  a solution  of 


sodium  silicate.  This  solution  will  be  found  decidedly  alkaline  to  test 


papers. 

If  a portion  of  the  solution  of  sodium  silicate  in  water  be  poured  into 
a test-tube,  and  two  or  three  drops  of  hydrochloric  acid  added  to  it,  with 
occasional  agitation,  effervescence  will  be  produced  by  the  expulsion  of 
any  carbonic  acid  gas  still  remaining,  and  the  solution  will  be  com  erted 
into  a gelatinous  mass  by  the  separation  of  silicic  acid.  But  if  another 
portion  of  the  solution  be  poured  into  an  excess  of  dilute  hydrochloric 
acid  ( i.e .,  into  enough  to  render  the  solution  distinctly  acid),  the  silicic 
acid  will  remain  dissolved  in  the  water,  together  with  the  sodium 
chloride  formed. 

In  order  to  separate  the  sodium  chloride  from  the  silicic  acid,  the 
process  of  dialysis  * must  be  resorted  to. 

Dialysis  is  the  separation  of  dissolved  substances  from  each  other  by 
taking  advantage  of  the  different  rates  at  which  they  pass  through  . 
moist  diaphragms  or  septa. 

If  the  mixed  solution  of  sodium  chloride  and  silicic  acid  were  poured 
upon  an  ordinary  paper  filter,  it  would  pass  through 
without  alteration ; but  if  parchment  paper  be  employed, 
which  is  not  pervious  to  water,  although  readily 
moistened  by  it,  none  of  the  liquid  will  pass  through. 
If  the  cone  of  parchment  paper  be  supported  upon  a 
vessel  filled  with  distilled  water  (fig.  126),  so  that  the 
water  may  be  in  contact  with  the  outer  surface  of  the 
cone,  the  hydrochloric  acid  and  the  sodium  chloride  will 
pass  through  the  substance  of  the  parchment  paper,  and 
the  water  charged  with  them  may  be  seen  descending 
in  dense  streams  from  the  outside  of  the  cone.  After 
a few  hours,  especially  if  the  water  be  changed  occasion- 
ally, the  whole  of  the  hydrochloric  acid  and  sodium 
chloride  will  have  passed  through,  and  a pure  solution  of  silicic  acid 

in  water  will  remain  in  the  cone.  _ T 

This  solution  is  believed  to  contain  the  orthosihcic  acid,  H4feiL>4.  It 
is  very  feebly  acid  to  blue  litmus-paper,  and  not  perceptibly  sour  to  the 
taste  It  has  a great  tendency  to  set  into  a jelly  in  consequence  of  the 
sudden  separation  of  silicic  acid.  If  it  be  slowly  evaporated  m a dish, 
it  soon  solidifies;  but,  by  conducting  the  evaporation  m a flask  so  as  to 
prevent  any  drying  of  the  silicic  acid  at  the  edges  of  the  liquid,  it  may 
be  concentrated  until  it  contains  14  per  cent  of  silicic  acid.  A hen 
this  solution  is  kept,  even  in  a stoppered  or  corked  bottle,  it  sets  into  a 
transparent  gelatinous  mass,  which  gradually  shrinks  and  separates 
from  the  water.  When  evaporated,  in  vacuo,  over  sulphuric  acid,  it 
aives  a transparent  lustrous  glass  which  is  composed  of  22  per  cent  of 
water  and  ,8  per  cent,  of  silica  (H.O.SiO,).  _ Tins  .salso  the  composition 


water  ana  o uci  tcnu.  vi  «***~-v  \"2 3/  . n c j* 

of  the  gelatinous  precipitate  produced  by  acids  in  the  solution  ot  sodium 

° A , • TT  OZCi  o-rwl  nollorl  on pinsti  .1  c/i C.  flCin. 


silicate!  It  is  sometimes  written  H2Si03,  and  called  metasilicic  acid. 


* From  Sia\vui,  to  part  asunder. 
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This  hydrated  silica  cannot  be  redissolved  in  water,  and  is  only  soluble 
to  a slight  extent  in  hydrochloric  acid.  If  it  be  heated  to  expel  the 
water,  the  silica  which  remains  is  insoluble  both  in  water  and  in  hydro- 
chloric acid,  but  is  dissolved  when  boiled  with  solution  of  potash  or  soda, 
or  their  carbonates. 

Silica  in  the  naturally  crystallised  form,  as  rock  crystal  and  quartz, 
is  insoluble  in  boiling  solutions  of  the  alkalies,  and  in  all  acids  except 
hydrofluoric ; but  amorphous  silica  (such  as  that  found  at  Farnham)  is 
readily  dissolved  by  boiling  alkalies.  These  represent,  in  fact,  two  dis- 
tinct modifications  of  silica.  A transparent  piece  of  rock  crystal  may  be 
heated  to  bright  redness  without  change,  but  if  it  be  powdered  previously 
to  being  heated,  its  specific  gravity  is  diminished  from  2.6  to  2.4,  and 
it  becomes  soluble  in  boiling  alkalies,  having  been  converted  into  the 
amorphous  modification. 

Crystals  of  quartz  have  been  obtained  artificially  by  the  prolonged 
action  of  water  upon  glass  at  a high  temperature  under  pressure.  When 
fused  with  the  oxy hydrogen  blowpipe,  silica  does  not  crystallise,  being 
thus  converted  into  the  amorphous  variety  of  sp.  gr.  2.3. 

To  prepare  the  amorphous  modification  of  silica  artificially,  white  sand  in  very 
fine  powder  may  be  fused,  in  a platinum  crucible,  with  six  times  its  weight  of  a 
mixture  of  equal  weights  of  the  potassium  and  sodium  carbonates,  the  mixture 
being  more  easily  fusible  than  either  of  the  carbonates  separately.  The  crucible 
may  be  heated  over  a gas  burner  supplied  with  a mixture  of  gas  and  air,  or  may 
be  placed  in  a little  calcined  magnesia  contained  in  a fireclay  crucible,  which  may 
be  covered  up  and  introduced  into  a good  fire.  The  platinum  crucible  is  never 
heated  in  direct  contact  with  fuel,  since  the  metal  would  become  brittle  by  com- 
bining with  carbon,  silicon,  and  sulphur  derived  from  the  fuel.  The  magnesia  is 
used  to  protect  the  platinum  from  contact  with  the  clay  crucible.  When  the 
action  of  the  silica  upon  the  alkaline  carbonates  is  completed,  which  will  be  indi- 
cated by  the  cessation  of  the  effervescence,  the  platinum  crucible  is  allowed  to 


Fig.  128. — Washing  a precipitato. 

cool,  placed  in  an  evaporating  dish,  and  soaked  for  a night  in  water,  when  the 
mass  should  be  almost  entirely  dissolved.  Hydrochloric  acid  is  then  added  to  the 
solution,  with  occasional  stirring,  until  it  is  distinctly  acid  to  litmus-paper.  On 
evaporating  the  solution,  it  will,  at  a certain  point,  solidify  to  a gelatinous  mass 
ot  hydrated  silica,  which  would  be  spirted  out  of  the  dish  if  evaporation  over  the 
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flame  were  continued.  To  prevent  this,  the  dish  is  placed  ovcr  an  empty  iron 
saucepan  (fig.  127)  so  that  the  heat  from  the  flame  may  be  equally  distributed  over 
the  bottom  of  the  dish.  When  the  mass  is  quite  dry,  the  dish  is  allowed  to  cool, 
and  some  water  is  poured  into  it,  which  dissolves  the  chlorides  of  potassium  and 
sodium  (formed  by  the  action  of  the  hydrochloric  acid  upon  the  silicates),  and 
leaves  the  silica  in  white  flakes.  These  may  be  collected  upon  a filter  (fig.  128), 
and  washed  several  times  with  distilled  water.  The  filter  is  then  carefully  spread 
out  upon  a hot  iron  plate,  or  upon  a hot  brick,  and  allowed  to  dry,  when  the  silica 
is  left  as  a dazzling  white  powder,  which  must  be  strongly  heated  in  a porcelain 
or  platinum  crucible  to  expel  the  last  traces  of  water.  It  is  remarkable  for  its 
extreme  lightness,  especially  when  heated,  the  slightest  current  of  air  easily  blow- 
ing it  away.  _ . . 

80.  For  effecting  such  fusions  as  that  just  described,  an  air-gas  blowpipe  (A, 
fig.  129)  supplied  with  air  from  a double  action  bellows  (B),  worked  by  a treadle  (C), 


will  be  found  most  convenient.  Where  gas  is  not  at  hand,  the  fusion  may 
effected  in  a small  furnace  (fig.  130),  surmounted  with  a conical  chimney,  andfe 

with  charcoal.  . . , , 

81.  Silicates. — The  acid  properties  of  silicic  acid  are  so  feeble  that 
it  is  a matter  of  great  difficulty  to  determine  the  proportion  of  any  base 
which  is  required  to  react  with  it  in  order  to  form  a chemica  ly  neutral 
salt.  Like  carbonic  acid,  it  does  not  destroy  the  action  of  the  alkalies 
upon  test-papers,  and  we  are  therefore  deprived  of  this  method  o 
ascertaining  the  proportion  of  alkali  which  neutralises  it  in  a chemical 
sense  In" attempting  to  ascertain  the  quantity  of  alkali  with  wine  1 
silica  combines,  from  that  of  the  carbon  dioxide  which  it  expels  when 
heated  with  an  alkaline  carbonate,  it  is  found  that  the  proportion  of 
carbon  dioxide  expelled  varies  considerably,  according  to  the  temperature 
and  the  proportion  of  alkaline  carbonate  employed. 

By  bating  silica  with  sodium  hydrate  (NaHO)  it  is  found  that 
60  parts  of  silica  expel  36  parts  of  water  however  much  sodium  hjdmte 
is  employed,  and  the  same  proportion  of  water  is  expelled  from  banum 
hydrate,  Ba(IIO)2,  when  heated  with  silica. 

The  formula  Si02  represents  60  parts  by  weight  of  silica,  an  3 1 • 
represent  two  molecules  of  water.  Hence  it  would  appear  * 
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action  of  silica  upon  sodium  hydrate  is  represented  by  the  equation, 
4NaHO  + Si02  = Na4Si04  + 2H30 ; and  that  upon  barium  hydrate  by 
cBa(H0)o  + Si02  = Ba,Si04  + 2H20  : and  since  it  is  found  that  several 
of  the  crystallised  mineral  silicates  contain  a quantity  of  metal  equivalent 
to  H,,  it  is  usual  to  represent  silicic  acid  as  a tetrcibasic  acid,  H4Si04, 
containing  4 atoms  of  hydrogen  which  may  be  replaced  by  metals. 

The  circumstance  that  silica  is  not  capable  of  being  converted  into 
vapour  at  a high  temperature,  enables  it  to  decompose  the  salts  of  many 
acids  which,  at  ordinary  temperatures,  are  able  to  displace  silicic  acid. 

The  silicates  form  by  far  the  greatest  number  of  minerals.  The  dif- 
ferent varieties  of  clay  consist  of  aluminium  silicate ; felspar  is  a silicate 
of  aluminium  and  potassium ; meerschaum  is  a silicate  of  magnesium. 

The  different  kinds  of  glass  are  composed  of  silicates  of  potassium, 
sodium,  calcium,  lead,  &c.  None  but  the  silicates  of  the  alkali  metals 
are  soluble  in  water. 

Scarcely  any  of  the  silicates  are  represented  b}r  formula;  which  express 
then*  derivation  from  the  acid  TI4Si04 ; they  are  generally  represented 
as  combinations  of  metallic  oxides  with  SiO„. 

82.  Silicon  or  silicium  (Si  = 28  parts  by  weight). — From  the  remark- 
ably unchangeable  character  of  silica,  it  is  not  surprising  that  it  was  long 
regarded  as  an  elementary  substance.  In  1813,  however,  Davy  succeeded 
in  decomposing  it  by  the  action  of  potassium,  and  in  obtaining  an  impure 
specimen  of  silicon.  It  has  since  been  produced,  far  more  easily,  by  con- 
verting the  silica  into  potassium  silico-fluoride  (K2SiF6),  and  decomposing 
this  at  a high  temperature  with  potassium  or  sodium,  which  combines  with 
the  fluorine  to  form  a salt  capable  of  being  dissolved  out  by  water,  leaving 
the  silicon  in  the  form  of  a brown  powder  ( amorphous  silicon ),  which 
resists  the  action  of  all  acids,  except  hydrofluoric,  which  it  decomposes, 
forming  silicon  fluoride,  and  evolving  hydrogen  (Si  + 4hIF  = SiF,  + II4). 
It  is  also  dissolved  by  solution  of  potash,  with  evolution  of  hydrogen, 
and  formation  of  potassium  silicate.  It  burns  brilliantly  when  heated  in 
oxygen,  but  not  completely,  for  it  becomes  coated  with  silica  which  is 
fused  by  the  intense  heat  of  the  combustion.  When  heated  with  the 
blowpipe  on  platinum  foil,  it  eats  a hole  through  the  metal,  with  which 
it  forms  the  fusible  platinum  silicide. 

If  potassium  silico-fluoride  be  fused  with  aluminium,  a portion  of  the 
latter  combines  with  the  fluorine,  and  the  remainder  combines  with  the 
silicon,  forming  aluminium  silicide.  By  boiling  this  with  hydrochloric 
and  hydrofluoric  acids  in  succession,  the  aluminium  is  extracted,  and 
crystalline  scales  of  .silicon,  with  a metallic  lustre  resembling  black  lead, 
are  left  {cjra'pliitoid  silicon ).  In  this  form  the  silicon  has  a specific  gravity 
of  about  2.5,  and  refuses  to  burn  in  oxygen,  or  to  dissolve  in  hydrofluoric 
acid.  A mixture  of  nitric  and  hydrofluoric  acids,  however,  is  capable  of 
dissolving  it.  Like  graphite,  this  variety  of  silicon  conducts  electricity, 
though  amorphous  silicon  is  a non-conductor.  The  amorphous  silicon 
becomes  converted  into  this  incombustible  and  insoluble  form  under  the 
action  of  intense  heat.  It  is  worthy  of  remark  that  the  combustibility 
of  amorphous  carbon  (charcoal)  is  also  very  much  diminished  by  exposure 
to  a high  temperature. 

Unlike  carbon,  however,  silicon  is  capable  of  being  fused  at  a tem- 
perature somewhat  above  the  melting-point  of  cast-iron ; on  cooling,  it 
forms  a brilliant  metallic-looking  mass,  which  may  be  obtained,  by 
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certain  processes,  crystallized  in  octahedra  so  hard  as  to  scratch  glass 
like  a diamond. 

In  their  chemical  relations  to  other  substances  there  is  much  resem- 
blance between  silicon  and  carbon.  Silicon,  however,  is  capable  of 
displacing  carbon,  for  if  potassium  carbonate  be  fused  with  silicon,  the 
latter  is  dissolved,  forming  potassium  silicate,  and  carbon  is  separated. 
Silicon  also  resembles  carbon  in  its  disposition  to  unite  with  certain 
metals  to  form  compounds  which  still  retain  their  metallic  appearance. 
Thus  silicon  is  found  together  with  carbon  in  cast-iron,  and  it  unites 
directly  with  aluminium,  zinc,  and  platinum,  to  form  compounds 
resembling  metallic  alloys.  Nitrogen  enters  into  direct  union  vith 
silicon  at  a high  temperature,  though  it  refuses  to  unite  with  carbon 
except  in  the  presence  of  alkalies. 

Silicon  nitride  (SiN)  has  been  obtained  by  heating  silica  with  carbon  in  a blast 
furnace,  and  treating  the  product  successively  with  hydrofluoric  acid  and  potash, 
when  the  nitride  is  left  as  a green  infusible  powder  which  is  attacked  by  potash 
at  a red  heat,  yielding  potassium  silicate,  hydrogen,  and  ammonia.  "W  hen  heater 
in  chlorine,  it  is  converted  into  a white  substance  soluble  in  hydrofluoric  acid,  anc 
apparently  containing  Si3N4.  A similar  body  is  also  formed  in  the  preparation  o 
the  green  nitride. 

In  their  relation  to  hydrogen,  carbon  and  silicon  are  widely  different, 
for  silicon  is  only  known  to  form  one  compound  with  hydrogen,  and  that 
of  a very  unstable  character. 

The  silicon  hydride , prepared  by  decomposing  magnesium  silicide  with 
dilute  hydrochloric  acid,  has  been  found  to  have  a composition  cone- 
sponding  with  the  formula  Sild4.  It  derives  its  interest  chiefly  from  the 
property  of  taking  fire  spontaneously  in  contact  with  the  air,  in  which 
it  burns  with  a.  brilliant  white  flame,  giving  off  clouds  of  silica,  and 
depositing  a brown  film  of  silicon  upon  a cold  surface. 

When  cast-iron  containing  silicon  is  boiled  with  hydrochloric  acid  until  the 
whole  of  the  iron  is  dissolved,  a grey  frothy  residue  is  left.  If  this  be  collected  on 
a filter,  well  washed  and  dried,  it  is  found  to  consist  of  black  scales  of  giaphi  e, 
mixed  with  a very  light  white  powder.  On  boiling  it  with  potash,  hydrogen  is 
evolved  and  the  white  powder  dissolves,  forming  a solution  containing  potassium 
silicate.  This  white  powder  appears  to  be  identical  with  a substance  obtained  y 
other  processes,  and  called  leucorie ,*  which  is  believed  to.  have  the  composition 
SLH/J,.  Its  action  upon  solution  of  potash  would  be  explained  by  the  equation 
Si3H406  + 12KHO  = 3K4Si04  + H„  + 5II.O. 

Leucone  is  slowly  converted  into  silicic  acid,  even  by  the  action  of  water,  hydrogen 

beinoSSn”epo'tma.  containing  silicon,  hydrogen,  ami  oygen,  has  been  named 
silicone.  It  is  a yellow  substance,  the  general  characters  of  which  resemble  the 
of  the  compound  last  described.  When  exposed,  under  water,  to  ^ action  o 
sunlight,  hydrogen  is  evolved,  and  the  yellow  body  becomes  comerted  into 

leucone. 

BORON. 

83.  Closely  allied  to  silicon  is  another  element,  boron,  which  has  at 
present  never  been  found  in  animal  or  vegetable  bodies,  but  appeals  to 
be  entirely  confined  to  the  mineral  kingdom.  . . 

Boric  Anhydride , or  Anhydrous  Borcicic  Acid  (B,Os  = 69.8  parts  by 
weight). — A saline  substance  called  borax  (Na,B40T.  ioAq)  has  long 
been  used  in  medicine,  in  working  metals,  and  in  making  imitations  o 
precious  stones  3 this  substance  was  originally  imported  from  India  and 

* AeuKos,  white. 
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Thibet,  where  it  was  obtained  in  crystals  from  the  waters  of  certain 
lakes,  and  came  into  this  country  under  the  native  designation  of  tinccd , 
consisting  of  impure  borax,  surrounded  with  a peculiar  soapy  substance. 
Borax  has  recently  been  found  in  abundance  in  the  bed  of  a dried-up 
lake  in  the  Sierra  Nevada.  This  lake  is  15  miles  long  and  6 wide;  the 
bed  is  a saline  deposit  6 or  8 feet  deep,  with  borax  3 feet  deep  at  the 
edges,  common  salt  in  the  centre,  and  sodium  sulphate  underneath. 

In  1702,  in  the  course  of  one  of  those  experiments  to  which,  though 
empirical  in  their  nature,  scientific  chemistry  is  now  so  deeply  indebted, 
Homberg  happened  to  distil  a mixture  of  borax  and  green  vitriol  (ferrous 
.sulphate),  when  he  obtained  a new  substance  in  pearly  plates,  which  was 
found  useful  in  medicine,  and  received  the  name  of  sedative  salt.  A 
quarter  of  a century  later,  Lemery  found  that  this  substance  might  be 
separated  from  borax  by  employing  sulphuric  acid  instead  of  ferrous 
sulphate,  and  that  it  possessed  acid  properties,  whence  it  was  called 
boracic  acid. 

Much  more  recently  this  acid  has  been  obtained  in  a free  state  from 
natural  sources,  and  is  now  largely  imported  into  this  country  from  the 
volcanic  districts  in  the  north  of  Italy,  where  it  issues  from  the  earth  in 
the  form  of  vapour,  accompanied  by  violent  jets  of  steam,  which  are 
known  in  the  neighbourhood  as  soffioni.  It  would  appear  easy  enough, 
by  adopting  arrangements  for  the  condensation  of  this  steam,  to  obtain 
the  boric  acid  which  accompanies  it,  but  it  is  found  necessary  to  cause 
the  steam  to  deposit  its  boric  acid  by  passing  it  through  water,  for 
which  purpose  basins  of  brickwork  (lagunes,  fig.  131)  are  built  up 
around  the  soffioni,  and  are  kept  filled  with  water  from  the  neighbouring 


Tig.  131. — Boracic  lagune  and  evaporating  pans. 


springs  or  brooks ; this  water  is  allowed  to  flow  successively  into  the 
different  lagunes,  which  are  built  upon  a declivity  for  that  purpose,  and 
it  thus  becomes  impregnated  with  about  1 per  cent,  of  boric  acid.  The 
necessity  for  expelling  a large  proportion  of  this  water,  in  order  to 
obtain  the  boric  acid  in  crystals,  formed  for  a long  time  a great  obstacle 
to  the  success  of  this  branch  of  industry  in  a country  where  fuel  is  very 
expensive.  In  1817,  however,  Larderello  conceived  the  project  of 
evaporating  this  water  by  the  steam-heat  afforded  by  the  soffioni  them- 
selves, and  several  hundred  tons  of  boric  acid  are  now  annually  produced 
in  this  manner.  The  evaporation  is  conducted  in  shallow  leaden  evapo- 
rating pans  (A,  fig.  131),  under  which  the  steam  from  the  soffioni  is 
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conducted  through  the  flues  (F)  constructed  for  that  purpose.  As  the 
demand  for  boric  acid  increased  on  account  of  the  immense  consumption 
of  borax  in  the  porcelain  manufacture,  the  experiment  was  made,  with 
success,  of  boring  into  the  volcanic  strata,  and  thus  producing  artificial 
soffioni,  yielding  boric  acid. 

The  crystals  of  boric  acid,  as  imported  from  these  sources,  contain 
salts  of  ammonia  and  other  impurities.  They  dissolve  in  about  three 
times  their  weight  of  boiling  water,  and  crystallise  out  on  cooling,  since 
they  require  26  parts  of  cold  water  to  dissolve  them.  These  crystals  are 
represented  by  the  formula  3lT20.B203  (or  II3B03).  If  they  are  sharply 
heated  in  a retort,  they  partly  distil  over  unchanged,  together  with  the 
water  derived  from  the  decomposition  of  another  part ; but  if  they  be 
heated  to  212°  F.  only,  they  effloresce,  and  become  converted  into 
H90.B203.  When  heated  for  a long  time  to  140°  C.,  this  becomes 
H„0.2B.,03.  This  is  sometimes  written  11,3,0.,  and  called  pyroboric 
acid,  whilst  II.O.B.O.,  is  HB02,  metaboric  acid,  and  the  crystals,  H3B03, 
are  orthoboric  acid.  When  pyroboric  acid  is  heated  further,  the  whole 
of  the  water  passes  off,  carrying  with  it  a little  boric  acid,  and  the  B,0S 
fuses  to  a glass,  which  remains  perfectly  transparent  on  cooling  ( vitreous 
boric  acid).  This  is  slowly  volatilised  by  the  continued  action  of  a very 
high  temperature.  It  dissolves  very  slowly  in  water.  Boric  acid  is  an 
antiseptic,  i.e.,  it  hinders  putrefaction,  and  is  applied,  either  alone  or  in 
combination  with  glycerin,  for  the  preservation  of  milk,  meat,  and 
other  foods.  It  is  also  said  to  kill  grass. 

A characteristic  property  of  boric  acid  is  that  of  imparting  a green 
colour  to  flames.  Its  presence  may  thus  be  detected  in  the  steam 
issuing  from  a boiling  solution  of  boric  acid  in  water ; for  if  a spirit- 
flame  or  a piece  of  burning  paper  be  held  in  the  steam,  the  flame  will 
acquire  a green  tint,  especially  at  the  edges. 

The  colour  is  more  distinctly  seen  when  the  cystallised  boric  acid  is  heated  on 
platinum  foil  in  a spirit-flame  or  an  air-gas  flame  ; and  still  better  when  the 
crystals  are  dissolved  in  boiling  alcohol,  and  the  solution  burnt  on  a plate. . The 
presence  of  boric  acid  in  borax  may  be  ascertained  by  mixing  the  solution  o 
borax  with  strong  sulphuric  acid  .to  liberate  the  boric  acid,  and  adding  enough 
alcohol  to  make  the  mixture  burn  ; or  by  moistening  the  borax  with  glycerin, 
when  it  will  give  a green  flame  in  the  Bunsen  burner.  Another  peculiar  property 
of  boric  acid  is  its  action  upon  turmeric.  If  a piece  of  turmeric  paper  be  dipped 
in  solution  of  boric  acid  and  dried  at  a gentle  heat,  it  assumes  a fine  brown-rec 
colour,  which  is  changed  to  green  or  blue  by  potash  or  its  carbonate.  .In  app  y- 
ing  this  test  to  borax,  the  solution  is  slightly  acidified  with  hydrochloric  acid,  to 
set  free  the  boric  acid,  before  dipping  the  paper. 

Borates. — Boric  acid,  like  silicic,  must  be  classed  among  the  feeble 
acids.  It  colours  litmus  violet  only,  like  carbonic  acid,  and  does  not 
neutralise  the  action  of  the  alkalies  upon  test-papers.  . At  high  tem- 
peratures, fused  boric  anhydride  combines  with  the  alkalies  and  metallic 
oxides  to  form  transparent  glassy  borates,  which  have,  in  many  cases, 
very  brilliant  colours,  and  upon  this  property  depend  the  chief  uses  0 

boric  acid  in  the  arts.  . . , 

Unlike  the  silicates,  the  borates  are  comparatively  rare  111  the  mineral 
world.  ISTo  very  familiar  mineral  substance  contains  boric  acid.  A 
double  borate  of  sodium  and  calcium,  called  boro-natrocalcite,  IS  a„  4 -• 
(CaB,0T)2.i8H,0,  is  imported  from  Peru  for  the  manufacture  of  borax, 
and  the  mineral  known  as  boracite  is  a magnesium  borate.  , 

The  mineral  tourmaline,  an  aluminium-ferrous  silicate,  con  ams  a 
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considerable  proportion  of  B„03,  apparently  replacing  part  of  the 

AlsO,. 

In  determining  the  proportion  of  base  which  boric  acid  requires  to 
form  a chemically  neutral  salt,  the  same  difficulties  are  met  with  as 
in  the  case  of  silicic  acid  (p.  1 16) ; but  since  it  is  found  that  69.8  parts  of 
boric  anhydride  (the  weight  represented  by  B203)  displace  54  parts  of 
water  (three  molecules)  from  sodium  hydrate  and  from  barium  hydrate, 
both  employed  in  excess,  it  would  appear  that  the  boric  acid  requires 
three  molecules  of  an  alkali  fully  to  satisfy  its  acid  character. 

The  action  of  B„03  upon  an  excess  of  NaHO  would  be  represented 
by  the  equation  6 NaHO  + B,03  = 2Na3B03  + 3H,0.  Hence,  boric  acid 
is  a tribasic  acid  * represented'  by  the  formula  H3B03,  which  is  the  com- 
position of  the  crystallised  acid,  but  the  formula;  of  the  common  borates 
cannot  be  made  to  accord  with  this  view.  The  only  orthoborate  yet 
obtained  is  Mg3(B03)2. 

84.  Boron  (B=  io"9  parts  by  weight). — It  was  in  the  year  1808  that 
Gay-Lussac  and  Thenard  succeeded,  by.  fusing  boric  anhydride  with 
potassium,  in  extracting  from  it  the  element  boron,  as  an  olive-green 
powder  (amorphous  boron),  which  has  a general  resemblance  to  silicon, 
but,  unlike  that  element,  may  be  oxidised  by  nitric  acid.  It  also  requires 
a higher  temperature  to  fuse  it  than  is  required  by  silicon.  The  brilliant 
copper-coloured  scales  obtained  by  a process  similar  to  that  which  fur- 
nished the  graphitoid  silicon,  and  formerly  regarded  as  graphitoid  boron, 
consist  really  of  a compound  of  boron  with  aluminium. 

The  so-called  diamond  of  boron,  which  is  obtained  by  very  strongly 
heating  amorphous  boron  with  aluminium,  and  afterwards  extracting 
the  aluminium  from  the  mass  with  hydrochloric  acid,  contains  aluminium 
and  carbon  combined  with  boron.  These  crystals  are  brilliant  trans- 
parent octahedra,  which  are  sometimes  nearly  colourless,  and  resemble 
the  diamond  in  their  power  of  refracting  light,  and  in  their  hardness, 
which  is  so  great  that  they  will  scratch  rubies,  and  will  even  wear  away 
the  surface  of  the  diamond.t  This  form  of  boron  cannot  be  attacked 
by  any  acid,  but  is  dissolved  by  fused  alkalies.  The  flame  of  the  oxyhy- 
drogen  blowpipe  does  not  fuse  it,  and  it  only  undergoes  superficial  con- 
version into  boric  anhydride  when  heated  to  whiteness  in  oxygen. 
When  heated  to  redness  in  chlorine,  however,  it  burns,  forming  boron 
trichloride.  Boron  closely  resembles  silicon  in  its  chemical  relations 
to  the  other  elements.  It  forms  a compound  with  hydrogen  which  is  a 
spontaneously  inflammable  gas,  burning  with  a green  flame,  and  obtained 
by  heating  fused  boric  anhydride  with  magnesium  and  treating  the  mass 
with  hydrochloric  acid.  Boron  shows  greater  disposition  to  combine 
with  nitrogen  than  is  manifested  by  silicon.  It  absorbs  nitrogen  readily 
when  heated  to  redness,  forming  a white  infusible  insoluble  powder,  the 
boron  nitride  (BN). 

85.  The  elements  carbon,  boron,  and  silicon  form  a natural  group, 
possessing  many  properties  in  common.  They  are  all  capable  of  existing 
in  the  amorphous  and  the  crystalline  forms ; all  incapable  of  being  con- 
verted into  vapour ; all  exhibit  a want  of  disposition  to  dissolve ; all 
form  feeble  acid  oxides  by  direct  union  with  oxygen ; and  all  unite  with 

* A tribasic  acid  is  one  which  contains  three  atoms  of  hydrogen  replaceable  by  metals. 

T The  author  has  known  them  to  cut  through  the  bottom  of  the  beaker-glass  used  in 
separating  them  from  the  aluminium. 
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several  of  the  metals  to  form  compounds  which  resemble  each  other’ 
Boron  and  silicon  are  capable  of  direct  union  with  nitrogen,  and  so  is 
carbon  if  an  alkali  be  present.  Recent  researches  attribute  to  silicon 
the  power  of  occupying  the  place  of  carbon  in  some  organic  compounds, 
and  the  formulae  of  leucone  and  silicone  (Si3IT405  and  SicH604)  strongly 
remind  us  of  the  organic  compounds  of  carbon  with  hydrogen  and 
oxygen.  In  many  of  its  physical  and  chemical  characters  silicon  is 
closely  allied  with  the  metals,  and  it  will  be  found  that  tin  and  tita- 
nium bear  a particular  resemblance  to  it  in  their  chemical  relations. 


NITROGEN. 

N=  14  parts  by  weight  = 1 volume.  14  grains  = 46.7  cub.  in.  at  6o°  F.  and 
30"  Bar.  14  grammes  = 11. 16  litres  at  0°  C.  and  760  mm.  Bar. 

86.  This  element,  which  has  already  been  referred  to  as  forming  four- 
fifths  of  the  volume  of  air,  is  elsewhere  found  in  nature  in  the  forms  of 
saltpetre  or  potassium  nitrate  (KN03),  and  Chili  saltpetre  or  sodium 
nitrate  (NaN03).  It  also  occurs  as  ammonia  (NH3)  in  the  atmosphere 
and  in  the  gaseous  emanations  from  volcanoes.  It  is  contained  in  the 
greater  number  of  animal,  and  in  many  vegetable,  substances,  and  there- 
fore has  a most  important  share  in  the  chemical  phenomena  of  life. 

Nitrogen  is  generally  obtained  by 
burning  phosphorus  in  a portion  of  air 
confined  over  water  (fig.  132).  The 
phosphorus  is  floated  on  the  water  in  a 
small  porcelain  dish,  kindled,  and  covered 
with  a bell-jar.  The  nitrogen  remains 
mixed  with  clouds  of  phosphoric  anhy- 
dride (P205),  which  may  be  removed  by 
allowing  the  gas  to  stand  over  water. 

When  nitrogen  is  required  in  larger 
quantity,  it  is  more  conveniently  prepared 
by  passing  air  from  a gas-holder  over 

metallic  copper  heated  to  redness  in  a 
Fig.  132— Preparation  of  nitrogen,  qf  plie  ;qr  ]je  passed  through  solu- 

tion of  ammonia  before  passing  over  the  heated  copper,  a short  length 
of  copper  will  suffice,  since  the  oxide  formed  will  be  reduced  by  the 

ammonia ; 3CuO  + 2NHs  = Cu3  + 3H>  Nr 

Nitrogen  is  also  prepared  by  boiling  a solution  of  ammonium  nitnte 
j(or  mixed  solutions  of  potassium  nitrite  and  ammonium  chloride) , 

nh4no2=2h2o  + n2.  . , _ „ , , 

The  remarkable  chemical  inactivity  of  free  nitrogen  has  been  alluded 
to  in  the  chemistry  of  atmospheric  air.  It  has  been  seen,  however,  to  be 
capable  of  combining  directly  with  boron  and  silicon,  and  magnesium 
and  titanium  unite  with  it  even  more  readily  at  a high  temperature. 
It  is  conspicuous  among  the  elements  for  forming,  with  hydrogen,  a 
powerful  alkali  (ammonia,  NH,),  whilst  the  feeble  chemical  ties  which 
hold  it  in  combination  with  other  elements,  joined  to  its  character  ol  a 
permanent  gas,  render  many  of  its  compounds  very  unstable  am 
explosive,  as  is  the  case  with  the  so-called  chloride  and  iodide  of 
nitrogen,  gun-cotton,  the  fulminates  of  silver  and  mercury,  nitro- 
glycerin, Ac. 
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The  discovery  of  nitrogen  was  made  in  1772,  by  Rutherford  (Pro- 
fessor of  Botany  in  the  University  of  Edinburgh),  who  was  led  to  it  by 
the  observation  that  respired  air  was  still  unfit  to  support  life  when  all 
the  carbonic  acid  had  been  absorbed  from  it  by  a caustic  alkali.  Hence 
the  name  azote  (a,  priv.,  and  life)  formerly  bestowed  upon  this  gas. 

Nitrogen  has  been  liquefied  by  the  cold  produced  by  its  expansion 
from  a compression  of  300  atmospheres  at  13°  C.  Liquid  nitrogen 
boils  at  - 1 930  C.  under  atmospheric  pressure. 

Ammonia. 

NH3=  17  parts  by  weight  = 2 volumes. 

87.  Ammonia  belongs  to  organic  rather  than  to  inorganic  nature.  It 
is  generally  a 'post-mortem  product.  Dead  animal  and  vegetable  matters 
yield  it  in  putrefaction.  Bones  furnish  it  by  destructive  distillation  ; so 
does  coal,  the  fossilised  plant.  Its  compounds  are  found  in  beds  of 
guano  (the  excrement  of  sea-fowl),  and  the  most  important  of  them, 
sal-ammoniac,  was  first  made  in  Egypt  from  the  dung  of  camels.  Its 
mineral  sources  are  chiefly  volcanic ; ammonium  sulphate  is  found  in 
Tuscan  boric  acid  (p.  120),  and  occurs  as  mascagnine  in  the  form  of  an 
■efflorescence  on  recent  lavas.  It  may  be  produced  by  the  combination 
of  nitrogen  and  hydrogen,  induced  by  electric  discharge,  but  its 
formation  soon  stops  unless  it  is  absorbed  by  an  acid  as  fast  as  it  is 
produced. 

The  proportion  of  ammonia  existing  in  atmospheric  air  is  .so  small 
that  it  is  difficult  to  determine  it  with  precision ; it  appears,  however, 
not  to  exceed  one-hundredth  of  a grain  in  a cubic  foot,*  for  although 
ammonia  is  constantly  sent  forth  into  the  air  by  the  putrefaction  of 
animal  and  vegetable  substances  containing  nitrogen,  it  is  soon  absorbed 
by  water,  and  even  by  earth  and  other  porous  solids.  Rain-water  con- 
tains from  1 to  2 parts  per  million  of  ammonia.  Plants  do  not  appear  to 
be  capable  of  absorbing  from  the  atmosphere  the  nitrogen  which  it  con- 
tains so  abundantly  in  the  uncombined  form,  but  to  derive  their  chief 
supply  of  that  element  from  the  ammonia  and  nitrates  or  nitrites  con- 
tained in  the  air,  the  soil,  and  the  water.  During  the  life  of  an  animal,  it 
restores  to  the  air  the  nitrogen  which  formed  part  of  its  wasted  organs, 
in  part  directly  as  ammonia  in  the  breath  and  in  the  exhalation  from  the 
skin,+  whilst  another  portion  is  separated  as  urea  and  uric  acid  in  the 
urine,  to  be  eventually  converted  into  ammonia  when  the  excretion 
undergoes  putrefaction.  Dead  animal  and  vegetable  matter,  when 
putrefying,  restores  its  nitrogen  to  the  air,  chiefly  in  the  forms  of 
ammonia  and  substances  closely  allied  to  it,  but  partly  also,  it  is  said, 
in  the  free  state.  Ammonia  appears  to  be  formed  from  atmospheric 
nitrogen  by  the  growth  of  fungi  (which  evolve  hydrogen)  and  by  the 
decay  of  wood.  Nitrogen  is  also  slowly  absorbed  from  air  by  sawdust 
mixed  with  lime  and  by  glucose  mixed  with  soda ; the  nitrogen  being 
evolved  as  ammonia  when  these  materials  are  afterwards  heated  with 
soda-lime. 

The  liquor  ammonice,  or  solution  of  ammonia  in  water,  which  is  so 
largely  used  in  medicine  and  the  arts,  is  obtained  chiefly  from  the 
* Recent  determinations  have  given  as  much  as  0.4  grain. 

+ Some  doubt  exists  as  to  the  exhalation  of  ammonia  from  the  lungs  and  skin  of  man 
under  normal  conditions. 
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ammoniacal  liquor  resulting  from  the  destructive  distillation  of  coal  for 
the  manufacture  of  gas.  The  ammoniacal  liquor  of  the  gas-works  con- 
tains ammonia  in  combination  with  carbonic  and  hydrosulphuric  acid. 
As  the  first  step  towards  extracting  the  ammonia  in  a pure  state,  the 
liquor  is  neutralised  with  hydrochloric  acid,  which  combines  with  the 
ammonia,  expelling  the  carbonic  and  hydrosulphuric  acid  gases.  Since 
the  latter  has  a very  bad  smell  and  is  injurious  to  health,  the  neutralisa- 
tion is  generally  effected  in  covered  vats  furnished  with  pipes,  which 
convey  the  gases  into  a furnace  where  the  hydrosulphuric  acid  is  burnt, 
forming  water  and  sulphurous  acid  gas.  The  solution  is  evaporated  to 
expel  part  of  the  water,  and  allowed  to  cool  in  wooden  vessels  lined 
with  lead,  where  ammonium  chloride  is  deposited  in  crystals  which 
contain  a good  deal  of  tarry  matter.  These  crystals  are  moderately 
heated  in  an  iron  pan  to  deprive  them  of  tar,  and  are  finally  purified  by 
sublimation , that  is,  by  converting  them  into  vapour  and  allowing  this 

vapour  to  condense  again  into  the  solid  form.  For 
this  purpose  the  crystals  are  heated  in  a cylindrical 
iron  vessel  covered  with  an  iron  dome  lined  with 
fireclay.  The  ammonium  chloride  rises  in  vapour 
below  a red  heat,  and  condenses  upon  the  dome  in 
the  form  of  the  fibrous  cake  known  in  commerce 
as  sal  ammoniac. 

To  obtain  ammonia  from  this  salt,  an  ounce  of 
it  is  reduced  to  coarse  powder,  and  rapidly  mixed 
with  2 ounces  of  powdered  quicklime.  The  mixture 
is  gently  heated  in  a dry  Florence  flask  (fig.  133), 
and  the  gas  being  little  more  than  half  as  heavy 
as  air  (sp.  gr.  0.59)  may  be  collected  in  dry  bottles 
by  displacement  of  air,  the  bottles  being  allowed 
to  rest  upon  a piece  of  tin  plate  which  is  perforated 
for  the  passage  of  the  tube.  To  ascertain  when 
the  bottles  are  filled,  a piece  of  red  litmus-paper 
may  be  held  at  some  little  distance  above  the  mouth,  when  it  will  at 
once  acquire  a blue  colour  if  'the  ammonia  escapes.  ,ri’~ 
be  closed  with  greased  stoppers. 

The  action  is  explained  by  the  following  equation 


Fig- 


133. — Preparation 
of  ammonia. 


The  bottles  should 


2NH.C1 

Ammonium 

chloride. 


+ CaO  = CaCl2  + H.,0  + 2NH., 

Lime.  Calcium  Ammonia, 

chloride. 


The  readiest  method  of  obtaining  gaseous  ammonia  for  the  study  of  its  pro- 
perties consists  in  gently  heating  the  strongest  liquor  ammonice  m a retort  01 
flask  provided  with  a bent  tube  for  collecting  the  gas  by  displacement  (rig.  134). 
The  gas  is  evolved  from  the  solution  at  a very  low  temperature,  and  may  be 
collected  unaccompanied  by  steam. 

Ammonia  is  readily  distinguished  by  its  very  characteristic  smell, 
and  its  powerful  alkaline  action  upon  red  litmus  and  turmeric  papers. 
It  is  absorbed  by  water  in  greater  proportion  by  volume  than  any  other 
common  gas,  one  volume  of  water  absorbing  more  than  700  volumes  0 
ammonia  at  the  ordinary  temperature,  find  becoming  i£  volume  ol 
solution  of  ammonia.  FTo  chemical  combination  appears  to  take  place 
between  the  water  and  ammonia,  for  the  gas  gradually  escapes  on 
exposing  the  solution  to  the  air,  and  no  definite  compound  o t le  vo 
has  been  noticed.  Moreover,  the  quantity  of  ammonia  retained  by  the 
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water  is  dependent  upon  the  temperature  and  pressure,  as  would  be 
expected  if  the  ammonia  were  merely  dissolved  and  not  combined  with 
the  water.  The  escape  of  the  gas  from  the  solution  is  attended  with 
great  production  of  cold,  much  heat  becoming  latent  in  the  conversion 
of  the  ammonia  from  the  liquid  to  the  gaseous  state. 


Fig.  134. 


Fig.  135- 


The  rapid  absorption  of  ammonia  by  water  is  well  shown  by  filling  a globular 
flask  (fig.  135)  with  the  gas,  keeping  it  with  its  mouth 
downwards  in  a small  capsule  of  mercury  which  is  placed 
in  a large  basin.  If  this  basin  be  filled  with  water,  it  can- 
not come  into  contact  with  the  ammonia  until  the  mouth 
of  the  flask  is  raised  out  of  the  mercury,  when  the  water 
will  quickly  enter  and  fill  the  flask.  The  water  should  be 
coloured  with  reddened  litmus  to  exhibit  the  alkaline 
reaction  of  the  ammonia. 

That  the  amount  of  ammonia  in  solution  varies  with 
the  pressure,  may  be  proved  by  filling  a barometer  tube, 
over  30  inches  long,  with  mercury  to  within  an  inch  of 


Fig.  136. 


Fig.  137. 


the  top,  filling  it  up  with  strong  ammonia,  closing  the  mouth  of  the  tube,  and 
inverting  it  with  its  mouth  under  mercury ; on  removing  the  finger,  the  diminished 
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pressure  caused  by  the  gravitation  of  the  column  of  mercury  in  the  tube  will 
cause  the  solution  of  ammonia  to  boil,  from  the  escape  of  a large  quantity  of 
the  gas,  which  will  rapidly  depress  the  mercury.  If  the  pressure  be  now  increased 
by  gradually  depressing  the  tube  in  a tall  cylinder  of  mercury  (fig.  136),  the 
water  will  again  absorb  the  ammoniacal  gas. 

To  exhibit  the  easy  expulsion  of  the  ammoniacal  gas  from  water  by  heat, 
a moderately  thick  glass  tube,  about  12  inches  long  and  4 inch  in  diameter, 
may  be  nearly  filled  with  mercury,  and  then  filled  up  with  strong  solution  of 
ammonia ; on  closing  it  with  the  thumb,  and  inverting  it  into  vessel  of  mer- 
cury  (fig.  137),  the  solution  will,  of  course,  rise  above  the  mercury  to  the  closed 
end  of  the  tube.  By  grasping  this  end  of  the  tube  in  the  hand,  a considerable 
quantity  of  gas  may  be  expelled,  and  the  mercury  will  be  depressed.  If  a little 
hot  water  be  poured  over  the  top  of  the  tube,  the  latter  will  become  filled  with 
ammoniacal  gas,  which  will  be  absorbed  again  by  the  water  when  the  tube  is 
allowed  to  cool,  the  mercury  returning  to  fill  the  tube. 


The  solution  of  ammonia,  which  is  an  article  of  commerce,  may  he 
prepared  by  conducting  the  gas  into  water  contained  in  a two-necked 
bottle,  the  second  neck  being  connected  with  a tube  passing  into  another 
bottle  containing  water,  in  which  any  escaping  ammonia  may  be  con- 
densed. The  strength  of  the  solution  is  inferred  from  its  specific- 
gravity,  which  is  lower  in  proportion  as  the  quantity  of  ammonia  in  the 
solution  is  greater. 

Thus,  at  570  F.,  a solution  of  sp.  gr.  0.8844  contains  36  parts  by  weight  of 
ammonia  in  100  parts  of  solution  ( liquor  ammonice  fortissimus) ; the  sp.  gr.  0.8976 
indicates  30  per  cent. ; 0.9106,  25  per  cent. ; 0.9251,  20  per  cent.  ; o.94I4>  Per 
cent. ; 0.9593,  10  Per  cent-  ( British  Pharmacopoeia ) ; 0.979,  5 Per  cent-  Tlie  specific- 
gravity  is  ascertained  by  comparing  the  weights  of  equal  volumes  of  water  and 
of  the  solution  at  the  same  temperature.  For  this  purpose  a light  stoppered 
bottle  is  provided,  capable  of  containing  about  two  fluid  ounces. 
This  is  thoroughly  dried,  and  counterpoised  in  a balance  by  placing 
in  the  opposite  pan  a piece  of  lead,  which  may  be  cut  down  to 
the  proper  weight.  The  bottle  is  then  filled  with  solution  of 
ammonia,  the  temperature  observed  with  a thermometer  and 
recorded,  the  stopper  inserted,  and  the  bottle  weighed.  It  is- 
then  well  rinsed  out,  filled  with  distilled  water,  the  temperature 
equalised  with  that  of  the  ammonia  by  placing  the  bottle  either 
in  warm  or  cold  water,  and  the  weight  ascertained  as  before.  The 
specific  gravity  is  obtained  by  dividing  the  weight  of  the  solution 
of  ammonia  by  that  of  the  water.  The  ammonia  meter  (fig.  138) 
is  a convenient  instrument  for  rapidly  ascertaining  the  specific 
gravity  of  liquids  lighter  than  water.  It  consists  of  a hollow 
glass  float  with  a long  stem,  weighted  with  a bulb  containing- 
shot  or  mercury,  so  that  when  placed  in  distilled  water  it  may 
sink  to  iooo°  of  the  scale  marked  on  the  stem,  this  number  repre- 
senting the  specific  gravity  of  water.  When  placed  in  a liquid 
lighter  than  water,  it  must,  of  course,  sink  lower  in  order  to  displace  more  liquid 
(since  solids  sink  until  they  have  displaced  their  own  weight  of  liquid).  By 
trying  it  in  liquids  of  known  specific  gravities,  the  mark  upon  the  scale  to- 
which  it  sinks  may  be  made  to  indicate  the  specific  gravity  of  the  liquid,  the 
ammonia  meter  generally  has  a scale  so  divided  that  it  indicates  at  once  the 
percentage  weight  of  ammonia.  In  this  country  the  specific  gravity  of  a liquid 
is  always  supposed  to  be  taken  at  62°  F.  _ } 

The  common  name  for  solution  of  ammonia,  spirit  of  hart  s nom,  is 
derived  from  the  circumstance  that  it  was  originally  obtained  foi 

medicinal  purposes  by  distilling  shavings  of  that  material. 

When  ammonia  is  exposed  to  a temperature  of  — 40  1 . (i.e.,  7 2 ie  °" 
the  freezing-point),  or  to  a pressure  of  6-5-  atmospheies  at  50  > 1 
denses  to  a clear  liquid,  which  solidifies  at  a temperatuie  of  — 103  • 

to  a white  crystalline  mass.  The  comparative  ease  with  whic  1 it  n**U 
be  liquefied  lias  led  to  its  application  in  Carres  freezing  appara  us 


Fig.  138. 
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(fig.  139),  in  which  the  gas  generated  by  heating  a concentrated  solution 
of  ammonia  in  a strong  iron  boiler  (A)  is  liquefied  by  its  own  pressure 
in  an  iron  receiver  (B)  placed  in  cold  water.  When  the  boiler  is  taken 
off  the  fire  and  cooled  in  water,  the  liquefied  ammonia  evaporates  very 
rapidly  from  the  receiver  back  into  the  boiler,  thereby  producing  so- 
much  cold  that  a vessel  of  water  (C)  placed  in  spirit  of  wine  contained 
in  a cavity  in  the  receiver,  is  at  once  congealed  into  ice.  A refrigerator- 
constructed  upon  this  principle  is  employed  in  the  salt  gardens  of  the 
south  of  France,  in  order  to  render  their  crystallising  operations  in- 
dependent of  the  temperature  of  the  air. 


The  liquefaction  of  ammonia  is  very  easily  effected  by  heating  the  ammoniatecl 
silver  chloride  in  one  limb  of  a sealed  tube,  the  other  limb  of  which  is  cooled  in  a 
freezing  mixture.  A piece  of  stout  light  green  glass  tube  (A,  fig.  140),  about  12 
inches  long  and  h inch  in  diameter,  is  drawn  out,  at  about  an  inch  from  one 
end,  to  a narrow  neck.  About  300  grains  of  silver  chloride  (dried  at  400°  F.)  are 
introduced  into  the  tube,  so  as  to  lie  loosely  in  it.  For  this  purpose  a gutter  of 
stiff  paper  (B)  should  be  cut  so  as  to  slide  loosely  in  the  tube,  the  silver  chloride 
placed  upon  it,  and  when  it  has  been  thrust  into  the  tube  (held  horizontally)  the 
latter  should  be  turned  upon  its  axis,  so  that  the  silver  chloride  may  fall  out  of 
the  paper,  which  may  be  then  withdrawn.  The  tube  is  now  drawn  out  to  a narrow 
neck  at  about  an  inch  from  the  other  end,  as  in  C,  and  afterwards  carefully  bent, 
as  in  D,  care  being  taken  that  none  of  the  chloride  falls  into  the  short  limb  of 


Fig.  141. 

the  tube,  which  should  be  about  4 inches  long.  The  tube  is  then  supported  by 
a holder,  so  that  the  long  limb  may  be  horizontal,  and  is  connected  by  a tube  and 
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cork  with  an  apparatus  delivering  dry  ammonia,  prepared  by  heating  1000  grams 
•of  sal  ammoniac  with  an  equal  weight  of  quicklime  in  a flask,  and  passing  the  gas, 
first  into  an  empty  bottle  (A,  fig.  141)  standing  in  cold  water,  and  afterwards 
through  a bottle  (B)  filled  with  lumps  of  quicklime  to  absorb  all  aqueous  vapour. 
The  long  limb  of  the  tube  must  be  surrounded  with  filtering  paper,  which  is  kept 
wet  with  cold  water.  The  current  of  ammonia  should  be  continued  at  a moderate 
rate,  until  the  tube  and  its  contents  no_  longer  increase  in  weight,  which  will 
occupy  about  three  hours — about  35  grains  of  ammonia  being  absorbed.  The 
longer  limb  is  sealed  by  the  blowpipe  flame  whilst  the  gas  is  still  passing,  and 
then,  as  quickly  as  possible,  the  shorter  limb,  keeping  that  part  of  the  tube  wThxch 
is  occupied  by  the  ammoniated  silver  chloride  still  surrounded  by  wet  paper.  . 

When  the  shorter  limb  of  this  tube  is  cooled  (fig.  I42)i  in  a mixture  of  ice 
and  salt  (or  of  8 ounces  of  sodium  sulphate  and  4 measured  ounces  of  common 
hydrochloric  acid),  whilst  the  longer  limb  is  gently  heated  from  end  to  end  by 
waving  a spirit-flame  beneath  it,  the  ammonia  evolved  hy  the  heat  from  the 
ammoniated  silver-chloride,  which  partly  fuses,  will  condense  into  a beautifully 
clear  liquid  in  the  cold  limb.  When  this  is  withdrawn  from  the  freezing  mixture, 
and  the  tube  allowed  to  cool,  the  liquid  ammonia  will  boil  and  gradually  dis- 
appear entirely,  the  gas  being  again  absorbed  by  the  silver  chloride,  so  that  the 
tube  is  ready  to  be  used  again. 


A small  quantity  of  liquefied  ammonia  may  be  more  conveniently  obtained 
bv  means  of  a tube  prepared  as  above,  but  containing  about  twelve  inches 
of  fragments  of  well-dried  wood  charcoal  saturated  with  dried  ammonia  gas. 
The  shorter  limb  of  the  tube  should  be  drawn  out  to  a long  narrow  point  before 
sealing  This  limb  being  immersed  in  the  freezing  mixture,  the  other  is  placed 
in  a long  test-tube  containing  water,  which  is  heated  to  boiling.  The  ammonia 

soon  returns  to  the  charcoal  when  the  tube  cools. 

Liquefied  ammonia  dissolves  potassium  and  sodium  to  a blue  solution  ; lodme, 
sulphur,  and  phosphorus  are  also  dissolved  by  it. 

Ammonia  is  feebly  combustible  in  atmospheric  air,  as  may  be  seen  by 
bolclin"  a taper  just  within  the  mouth  of  an  inverted  bottle  of  the  gas, 
which  burns  with  a peculiar  livid  flickering  light  around  the  flame,  but 
will  not  continue  to  burn  when  the  flame  is  removed,  because  the  tem- 
perature produced  by  the  combustion  of  the  hydrogen  m air  is  not  high 
enough  to  continue  the  decomposition.  During  its  combustion  the 
hydrogen  is  converted  into  water,  and  the  nitrogen  set  free.  In  oxygen 
however,  ammonia  burns  with  a continuous  flame. 

Tibs  is  verv  well  shown  by  surrounding  a tube  delivering  a stream  of  ammom 

SSffito  “"che,  lo0^^  .T* 

“HSE?  ££*££  may  made  Vith  a smaller  supply  of  oxygen,  by  lower- 
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ing  the  tube  delivering  ammonia  into  a bottle  or  jar  of  oxygen,  and  applying  a 
light  to  it  just  as  it  enters  the  mouth  of  the  jar  (fig.  144). 

The  elements  of  ammonia  are  easily  separated  from  each  other  by 
passing  the  gas  through  a red-hot  tube,  or  still  more  readily  by  exposing 
it  to  the  action  of  the  high  temperature  of  the  electric  spark,  when  the 
volume  of  the  gas  rapidly  increases  until  it  is  doubled,  2 volumes  of 
ammonia  being  decomposed  into  1 volume  of  nitrogen  and  3 volumes 
of  hydrogen. 

For  this  experiment,  a measured  volume  of  ammonia  gas  is  confined  over 
mercury  (fig.  145),  in  a tube  through  which  platinum  wires  are  sealed  for  the 
passage  of  the  spark  from  an  induction-coil.  The  volume  of  the  gas  is  doubled  in 


a few  minutes,  and  if  the  tube  be  furnished  with  a stop-cock  (A),  the  presence  of 
free  hydrogen  may  be  shown  by  filling  the  open  limb  with  mercury  and  kindlin°- 
the  gas  as  it  issues  from  the  jet.*  A little  NH3  is  always  found  undecomposed  by 
the  sparks ; because,  if  a mixture  of  nitrogen  with  3 vols.  hydrogen  be  sparked, 
a little  NH,  is  always  produced,  and  if  sulphuric  acid  be  present  to  absorb  the 
AH.,,  the  whole  of  the  N and  H,  may  be  combined.  A mixture  of  N and  H and 
a minute  quantity  of  NH3  is  not  affected  by  the  spark. 

As  might  be  expected  from  its  powerfully  alkaline  character,  ammonia 
exhibits  a strong  attraction  for  acids,  which  it  neutralises  perfectly.  If 
ci  bottle  of  ammonia  gas,  closed  with  a glass  plate,  be  inverted  over  a 
similar  bottle  of  hydrochloric  acid  gas,  and  the  glass  plates  withdrawn 
(fig.  14^)?  the  gases,  will  combine,  with  disengagement  of  much  heat, 
forming  ^ "hite  solid,  ammonium  chloride  (NH4C1),  in  which  the  acid 
and  alkali  have  neutralised  each  other.  Again,  if  ammonia  be  added  to 
diluted  sulphuric  acid,  the  latter  will  be  entirely  neutralised,  and  by 
evaporating  the  solution,  crystals  of  ammonium  sulphate,  (NH  ) SO* 
may  be  obtained.  v 45 

The  substances  thus  produced  by  neutralising  the  acids  with  solution 

? The  eudiometer  for  passing  electric  sparks  iu  rapid  succession  must  have  the  platinum 
wires  passed  through  the  glass  as  shown  in  fig.  145,  or  it  will  be  cracked  by  the  heat  of 
the  sparks.  The  outlet  tube  B,  closed  by  a small  screw  clamp  0,  pinching  a caoutchouc 
connector,  allows  the  mercury  to  be  drawn  off  when  necessary,  to  equalise  the  level  in 
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of  ammonia  bear  a strong  resemblance  to  the  salts  formed  by  neutialis 
ing  the  same  acids  with  solutions  of  potash  and  soda,  a circumstance 
which  would  encourage  the  idea  that  the  solution  of  ammonia  must 
contain  an  alkaline  hydrate  similar  to  KHO  or  ISTaHO. 

Berzelius  was  the  first  to  make  an  experiment  which  appeared  strongly 
to  favour  this  view  (commonly  spoken  of  as  the  ammonium  theory  of 
Berzelius).  The  negative  pole  of  a galvanic  battery  was  placed  in  con- 
tact with  mercury  at  the  bottom  of  a vessel  containing  a strong  solution 
of  ammonia,  in  which  the  positive  pole  of  the  battery  was  immersed. 
Oxyo-en  was  disengaged  at  this  pole,  whilst  the  mercury  in  contact  with 
the  negative  pole  swelled  to  four  or  five  times  its.  original  bulk,  and 
became  a soft  solid  mass,  still  preserving,  however,  its  metallic  appear- 
ance.* So  far,  the  result  of  the  experiment  resembles  that  obtained 
when  potassium  hydrate  is  decomposed  under  similar  circumstances,  the 
oxygen  separating  at  the  positive  pole,  and  the  potassium  at  the  nega- 
tive? where  it  combines  with  the  mercury.  Beyond  this,  however,  the 
analogy  does  not  hold;  for  in  the  latter  case  the  metallic  potassium 
can  be  readily  separated  from  the  mercury,  whilst  in  the  former,  ail 
attempts  to  isolate  the  ammonium  have  failed,  for  the  soft  solid  mass 
resolves  itself,  almost  immediately,  after  its  preparation,  into  mercury 
ammonia  (NH  ),  and  hydrogen,  one  volume  of  the  latter  being  separated 
for  two  volumes  of  ammonia.  This  would  also  tend  to  support ; the  con- 
clusion that  a substance  having  the  composition  NH,  + 11  or  JN±i4  dad 
united  with  the  mercury;  and  since  the  latter  is  not  known  to  unne 
with  any  non-metallic  substance  without  losing  its  metallic  appearance, 
it  would  be  fair  to  conclude  that  the  soft  solid  was  really  an  amalgam 
of  ammonium.  However,  the  increase  in  the  weight  of  the  mercury 
is  so  slight,  and  the  “ amalgam,”  whether  obtained  by  this  or  by  other 
methods)  is  so  unstable,  that  it  would  appear  safer  to  attribute 
swelling  of  the  mercury  to  a physical  change  caused  by  the  presence  o 
the  ammonia  and  hydrogen  gases..  This  view  is  supported  by 
observation  that  when  the  amalgam  is  subjected  to  pressure  its  ■ volume 
varies  nearly  in  the  inverse  ratio  of  the  pressure.  It  is  difficult  to 
believe  that  the  solution  of  ammonia  does  really  contain  ammonium 
livdrate  (NIT  + H„0  = NH4H0),  when  we  find  it  evolving  ammonia  so 
Sy  butTt  it  equally  difficult,  upon  any  other  hypothesis  to  explain 
the  dose  resemblance  between  the  salts  obtained  by  neutralising  acids 
•with  this  solution  and  those  furnished  by  potash  and  soda. 

The  ordinary  mode  of  exhibiting  the  production  of  the  ,^°h  njf  wSr^dium 
ammonium  consists  in  acting  upon  the  sodium 

y°'ZZ volume  of  nitrogen- Two  volun.es  (one 
molecule)  of  ammonia,  when  decomposed  by  a succession  o e 

* This  experiment  is  more  coyote  cl  with  thc'toshive  “f’Z 

sulphate  in  a common  P1^  ^mmed  in  the  solution,  and  a piece  of  filter-paper  is 

Z rtSl » globule  of  mcro.,,7  W.  wbl*  the  uogotive  polo  is  pl«»8od. 
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sparks,  yield  a mixture  of  one  volume  (one  atom)  of  nitrogen,  and  three 
volumes  (three  atoms)  of  hydrogen.  22.4  litres  of  ammonia  would 
yield  11.2  litres  of  nitrogen,  weighing  14  grammes,  and,  since  this  is 
the  smallest  weight  of  nitrogen  which  can  be  found  in  22.4  litres 
of  any  of  its  gaseous  compounds,  14  is  taken  as  the  atomic  weight  of 
nitrogen. 

89.  Formation  of  ammonia  in  the  rusting  of  iron. — Although  free 
nitrogen  and  hydrogen  can  only  with  difficulty  be  made  to  form 
ammonia  by  direct  combination,  this  compound  is  produced  when  the 
nitrogen  meets  with  hydrogen  in  the  nascent  state ; that  is,  at  the  in- 
stant of  its  liberation  from  a combined  form.  Thus,  if  a few  iron  filings 
be  shaken  with  a little  water  in  a bottle  of  air,  so  that  they  may  cling 
round  the  sides  of  the  bottle,  and  a piece  of  red  litmus-paper  be  sus- 
pended between  the  stopper  and  the  neck,  it  will  be  found  to  have 
assumed  a blue  colour  in  the  course  of  a few  hours,  and  ammonia  may 
be  distinctly  detected  in  the  rust  which  is  produced.  It  appears  that 
the  water  is  decomposed  by  the  iron  in  the  presence  of  the  carbonic  acid 
of  the  air  and  water,  and  that  the  hydrogen  liberated  enters  at  once  into 
combination  with  the  nitrogen,  held  in  solution  by  the  water,  to  form 
ammonia. 


If  a few  inches  of  magnesium  tape  be  kindled  and  held  over  a plate  to  collect 
the  piocluct,  it  will  be  found  to  be  a mixture  of  MgO  and  magnesium  nitride, 
which  evolves  NH3  when  boiled  with  water;  Mg3N2  + 3H.,0  = 3Mgb  + 2NHr 

In  his  experiments  on  the  electrolysis  of  distilled  water,  Davy  found  that  nitric 
acid  was  formed  around  the  positive  pole,  by  oxidation  of  the  nitrogen  of  the  air 
contained  in  the  water,  while  ammonia  was  formed  at  the  negative  pole  by  com- 
bination of  the  hydrogen  with  nitrogen. 

90.  Production  of  nitrous  and  nitric  acids  from  ammonia. — If  a few 
drops  oi  a strong  solution  of  ammonia  be  poured  into  a pint  bottle,  and 
ozonised  air  (from  the  tube  for  ozonising  by  induction,  fig.  48)  be  passed 
into  the  bottle,  thick  white  clouds  will  speedity  be  formed,  consisting  of 
ammonium  nitrite , the  nitrous  acid  having  been  produced  by  the  oxida- 
tion of  the  ammonia  at  the  expense  of  the  ozonised  oxygen — 


2NH.,  '+ 


O3  = 


H.,0  + NH4N02 

Ammonium  nitrite. 

If  copper  filings  be  shaken  with  solution  of  ammonia  in  a bottle  of 
air,  white  fumes  will  also  be  produced,  together  with  a deep  blue  solution 
containing  copper  oxide  and  ammonium  nitrite  ; the  act  of  oxidation  of 
the  copper  appearing  to  have  induced  a simultaneous 
oxidation  of  the  ammonia. 


A 

* 

.. . v 


A coil  of  thin  platinum  wire  made  round  a pencil, 
if  heated  to  redness  at  the  lower  end  and  suspended 
in  a flask  (tig.  147)  with  a little  strong  ammonia  at 
the  bottom,  will  continue  to  glow  for  a great  length 
of  time,  in  consequence  of  the  combination  of  the 
ammonia  with  the  oxygen  of  the  air  taking  place 
at  its  surface,  attended  with  great  evolution  of  heat. 

Thick  white  clouds  of  ammonium  nitrite  are  foianed, 
and  frequently  red  vapour  of  nitrous  anhydride 

itself.  A coil  of  thin  copper  wire  acts  in  a similar  manner. 

... 1 C a delivering  oxygen  gas  be  passed  down  to  the  bottom  of  the  flask 
the  action  will  be  far  more  energetic,  the  heat  of  the  platinum  risino-  tn 
w nteness,  when  an  explosion  of  the  mixture  of  ammonia  and  oxygen  will  ensue 
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After  tlie  explosion  the  notion  will  recommence,  so  that  the  explosion  "ill  repeat 
itself  as  often  as  may  be  wished.  It  is  unattended  with  danger  if  the  mouth  of 

the  flask  be  pretty  large.*  By  regulating  the  stream  ot 
oxygen,  the  hubbies  of  that  gas  may  be  made  to  burn  as 
they  pass  through  the  ammonia  at  the  bottom  of  the 
flask. 

The  oxidation  of  ammonia  may  also  be  shown  by  the 
arrangement  represented  in  fig.  149.  Air  is  slowly  passed 
from  the  gas-bag  B,  through  very  weak  ammonia  in  the 
bottle  a,  into  a hard  glass  tube  having  a piece  of  red 
litmus-paper  at  b,  and  a plug  of  platinised  asbestos  in  the 
centre,  heated  by  a gas  burner ; a piece  of  blue  litmus- 
paper  is  placed  at  c,  and  the  tube  is  connected  with  a large 
globe  ( d ).  The  red  litmus  at  6 is  changed  to  blue  by  the 
ammonia,  whilst  the  blue  litmus  at  c is  reddened  by  the 
nitrous  acid  produced  in  its  oxidation,  and  clouds  of 


Fig.  148. 


ammonium  nitrite,  accompanied  by  red  nitrous  fumes,  appear  in  d.  To  obtain  all 
the  results  in  perfection,  small  quantities  of  ammonia  must  be  successively 
introduced  into  a. 


Fig.  149. — Oxidation  of  ammonia. 

(The  burner  represented  in  the  figure  is  a Bunsen  burner  (p.  107),  surmounted 

ITZl  gas'blns  in  air,  small  quantities  of  nitrous  and  nitric 
acids  are  produced,  apparently  by  the  oxidation  of  atmospheric  nitrogen. 

In  the  presence  of  strong  bases,  and  of  porous  materials  to  favour 
oxidation,  ammonia  is  capable  of  suffering  further  oxidation  and  con- 
version into  nitric  acid,  which  acts  upon  the  base  to  form  a nitrate , 
thus,  eRH  + CaO  + 08  = Ca(N03)2  + 3H0O. 

01  This  formation  of  nitrates  from  ammonia  is  commonly  referred 
to  as  nitrification,  and  appears  to  be  concerned  in  the  formation  of 
the  natural  supplies  of  saltpetre  which  are  of  so  great  importance  to 
the  arts.t  Recent  investigations  indicate  that  the  presence  of  some 
minute  fungus  or  organised  ferment  plays  an  important  part  in  the 

Drocess. 

This  ferment  consists  of  minute  round  or  oval  corpuscles,  which  appear  to 
nromLte  by  budding,  like  yeast.  It  is  abundant  in  soils,  111  sewage,  and  m water 
contaimimted  with  SgaJ  matter.  Feeble  , alkalinity  such  as  is  due  to  the 

place  tafi  dilute  sciaticas  in  the 
dark,  nitrates  only ^poTim^o  hghR^iSefafe  pro  duoedl^Th”  formation 

— ”^ra«e5u  the  darh,  by  adding  a little 
to  contain  abundance  of  nitrates. 
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solution  in  which  nitrites  have  lately  changed  into  nitrates,  and  which  therefore 
contains  the  nitrifying  ferment.* 

Compounds  of  Nitrogen  and  Oxygen. 

92.  Though  these  elements  in  their  pure  state  exhibit  no  attraction 
for  each  other,  six  compounds,  which  contain  them  in  different  propor- 
tions, have  been  obtained  by  indirect  processes,  viz.,  N„0,  NO,  N O 
NO„,  N,0„  N205. 

When  a succession  of  strong  electric  sparks  from  the  induction-coil  is 
passed  through  atmospheric  air  in  a dry  flask  (especially  if  the  air  be 
mixed  with  oxygen),  a red  gas,  nitric  peroxide  (NO.,),+  is  formed ; if 
water  be  present,  this  is  absorbed  and  converted  into  nitrous  and  nitric 
acids ; 2N02  + H20  = UNO,  + HNOs. 

If  the  experiment  be  made  in  a graduated  eudiometer  (fig.  150),  standing  over 
water  coloured  with  blue  litmus,  the  latter  will  very  soon  be  reddened  by  the  acid 
formed,  and  the  air  will  be  found  to  diminish  very  considerably  in 
volume,  eventually  losing  its  power  of  supporting  combustion,  in 
consequence  of  the  removal  of  oxygen. 

A (J-tube  having  one  limb  surmounted  by  a stoppered  globe  into 
which  platinum  wires  are  sealed,  allows  the  air  to  be  tested  with 
a small  taper  to  show  that  the  oxygen  has  been  removed. 

When  a few  inches  of  magnesium  tape  are  burnt  in  a gas-jar  of 
air,  red  fumes  may  be  perceived  on  looking  down  the  jar  at  the 
close  of  the  combustion,  and  the  presence  of  N203  or  NO.,  may  be 
shown  by  drawing  the  residual  air  through  a mixture  of  potassium 
iodide  with  a little  starch  and  acetic  acid,  when  the  iodine  is  set 
free  and  blues  the  starch.  This  renders  it  probable  that  the  electric 
spark  causes  the  combination  of  nitrogen  and  oxygen  on  account  of 
its  high  temperature. 

When  ozonised  air  (p.  57)  is  passed  into  water,  nitric  acid  is 
found  in  solution.  Rain  water  contains  about  1 part  per  million  of  nitric  acid. 

When  hydrogen  gas,  mixed  with  a small  quantity  of  nitrogen,  is 
burnt,  the  water  collected  from  it  is  found  to  have  an  acid  taste  and 
reaction,  due  to  the  presence  of  a little  nitric  acid,  resulting  from  the 
combination  of  the  nitrogen  with  the  oxygen  of  the  air  under  the 
influence  of  the  intense  heat  of  the  hydrogen  flame. 

Since  all  the  compounds  of  nitrogen  and  oxygen  are  obtained,  in 
practice,  from  nitric  acid,  the  chemical  history  of  that  substance  must 
precede  that  of  the  oxides  of  nitrogen. 

Nitric  Acid,  or  Hydric  Nitrate. 

HN03  = 63  parts  by  weight'=2  vols. 

93.  This  most  important  acid  is  obtained  from  saltpetre,  which  is 
found  as  an  incrustation  upon  the  surface  of  the  soil  in  hot  and  dry 
climates,  as  in  some  parts  of  India  and  Peru.  The  salt  imported  into 
this  counti’y  from  Bengal  and  Oude  consists  of  nitrate  of  potash  or 
potassium  nitrate  (KN03),  whilst  the  Peruvian  or  Chilian  saltpetre  is 
nitrate  of  soda  or  sodium  nitrate  (NaN03).  Either  of  these  will  serve 
for  the  preparation  of  nitric  acid. 

On  the  small  scale,  in  the  laboratory,  nitric  acid  is  prepared  by  dis- 
tilling potassium  nitrate  with  an  equal  weight  of  concentrated  sulphuric 
acid. 

Warington  ou  Nitrification,  Jour.  Che.ni.  Soc. , 1879. 

t Brodie  lias  shown  that  perfectly  dry  air  yields  oxides  of  nitrogen  under  the  influence 
of  the  induction  tube  (p.  57). 
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In  order  to  make  the  experiment,  four  ounces  of  powdered  nitre,  thoroughly 
dried,  may  be  introduced  into  a stoppered  retort  (fig.  1 51)  and  two  and  a half 

measured  ounces  of  concentrated 
sulphuric  acid  poured  upon  it.  As 
soon  as  the  acid  has  soaked  into  the 
nitre,  a gradually  increasing  heat 
may  be  applied  by  means  of  an 
Argand  burner,  when  the  acid  will 
distil  over.  It  must  be  preserved  in 
a stoppered  bottle. 

When  the  acid  has  ceased  distil- 
ling, the  retort  should  be  allowed  to 
cool,  and  filled  with  water.  On 
applying  a moderate  heat  for  some 
time  the  saline  residue  will  be  dis- 

Fig.  ici, — Preparation  of  nitric  acid.  solved.  The  solution  may  then  be 

poured  into  an  evaporating  dish,  and 

evaporated  down  to  a small  bulk.  On  allowing  the  concentrated  solution  to 
cool,  crystals  of  bisidphate  of  potash  or  hydro-potassium  sulphate  (liHb04) 
are  deposited,  a salt  which  is  very  useful  in  many  metallurgic  and  analytical 


operations. 

The  decomposition  of  potassium  nitrate  by  an  equal  weight  of  sul- 
phuric acid  is  explained  by  the  equation- 


KN03  + HaS04  = HN03  + KHS04 


It  would  appear  at  first  sight  that  one-half  of  the  sulphuric  acid 
might  be  dispensed  with,  but  it  is  found  that  when  less  sulphuric  acid 
is  employed,  so  high  a temperature  is  required  to  effect  the  complete 
decomposition  of  the  saltpetre  (the  above  equation  then  representing 
only  the  first  stage  of  the  action),  that  much  of  the  nitric  acid  is  de- 
composed ; and  the  normal  potassium  sulphate  (KsS04),  which  would 

be  the  final  result,  is  not 
nearly  so  easily  dissolved 
out  of  the  retort  by  water 
as  the  bisulphate. 

For  the  preparation  of 
large  quantities  of  nitric 
acid,  sodium  nitrate  is  sub- 
stituted for  potassium  ni- 
trate, being  much  cheaper, 
k and  furnishing  a larger 
proportion  of  nitric  acid. 

The  sodium  nitrate  is  intro- 
duced into  an  iron  cylinder 
(A,  fig.  152)  lined  with  fire- 
clay to  protect  it  from  the 

. • r .,  . . , action  of  the  acid,  and  an 

Fig.  iS2-  Preparation  of  mtnc  acid.  jjctio  sulphuric  acid 

bottles  (13),  surrounded  with  cold  water. 

In  the  preparation  of  nitric  acid,  it  will  be  observed  at  the  beginning 
•uul  towards  the  end  of  the  operation  that  the  retort  becomes  filled  with 
red  vapour.  This  is  due  to  the  decomposition  by  heat  of  a portion  of 
the  colourless  vapour  of  nitric  acid,  into  water,  oxygen,  and  nitric  pei- 
oxide  •’HNO  = H,0  + 0 + sNO.,,  this  last  forming  the  red  i apom , a poi 
tion of whichis  absorbed  by  the  nitric  acid,  and  gives  it  a yellow  colour. 
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The  pure  nitric  acid  is  colourless,  but  if  exposed  to  sunlight  it  becomes 
yellow,  a portion  suffering  this  decomposition.  In  consequence  of  the 
accumulation  of  the  oxygen  in  the  upper  part  of  the  bottle,  the  stopper 
is  often  forced  out  suddenly  when  the  bottle  is  opened,  and  care  must  be 
taken  that  drops  of  this  very  corrosive  acid  be  not  spirted  into  the  face. 

The  strongest  nitric  acid  (obtained  by  distilling  perfectly  dry  nitre 
with  an  equal  weight  of  pure  oil  of  vitriol,  and  collecting  the  middle 
portion  of  the  acid  separately  from  the  first  and  last  portions,  which 
are  somewhat  weaker)  emits  very  thick  grey  fumes  when  exposed  to 
damp  air,  because  its  vapour,  though  itself  transparent,  absorbs  water 
very  readily  from  the  air,  and  condenses  into  very  minute  drops  of 
diluted  nitric  acid  which  compose  the  fumes.  The  weaker  acids  com- 
monly sold  in  the  shops  do  not  fume  so  strongly.  An  exact  criterion 
of  the  strength  of  any  sample  of  the  acid  is  afforded  by  the  specific 
gravity,  which  may  be  ascertained  by  the  methods  described  for 
ammonia,  using  a hydrometer  adapted  for  liquids  heavier  than  water. 
Thus,"  the  strongest  acid  (IIN03)  has  the  specific  gravity  1.52  ;*  whilst 
the  ordinary  aquafortis  or  diluted  nitric  acid  has  the  sp.  gr.  1.29,  and 
contains  only  46.6  per  cent,  of  UNO,.  The  concentrated  nitric  acid 
usually  sold  by  the  operative  chemist  ( double  aquafortis)  has  the  sp.  gr. 

1.42,  and  contains  67.6  per  cent,  of  HN03. 

A very  characteristic  property  of  nitric  acid  is  that  of  staining  the 
skin  yellow.  It  produces  the  same  effect  upon  most  animal  and  vege- 
table matters,  especially  if  they  contain  nitrogen.  The  application  of 
this  in  dyeing  silk  of  a fast  yellow  colour  may  be  seen  by  dipping  a 
skein  of  white  silk  in  warm  diluted  nitric  acid,  and  afterwards  im- 
mersing it  in  dilute  ammonia,  which  will  convert  the  yellow  colour 
into  a brilliant  orange.  When  sulphuric  or  hydrochloric  acid  is  spilt 
upon  the  clothes,  a red  stain  is  produced,  and  a little  ammonia  restores 
the  original  colour ; but  nitric  acid  stains  are  yellow,  and  ammonia 
intensifies  instead  of  removing  them,  though  it  prevents  the  cloth  from 
being  eaten  into  holes. 

Nitric  acid  changes  most  organic  colouring  matters  to  yellow,  but, 
unless  very  concentrated,  it  merely  reddens  litmus.  If  solutions  of 
indigo  and  litmus  are  warmed  in  separate  flasks,  and  a little  nitric  acid 
added  to  each,  the  indigo  will  become  yellow  and  the  litmus  red.  TIere 
the  indigo  (C8II.lSrO)  acquires  oxygen  from  the  nitric  acid,  and  is  con- 
verted into  isatine  (CH.NO.,). 

When  nitric  acid  is  heated,  it  begins  to  boil  at  184°  F.  (84°  C.),  but 
it  cannot  be  distilled  unchanged,  for  a considerable  quantity  is  decom- 
posed into  nitric  peroxide,  oxygen,  and  water,  the  two  first  passing  off 
in  the  gaseous  form,  whilst  the  water  remains  in  the  retort  with  the 
nitric  acid,  which  thus  becomes  gradually  more  and  more  diluted,  until 
it  contains  68  per  cent,  of  IldST 03,  when  it  passes  over  unchanged  at  the 
temperature  of  248°  F.  (120°  C. ).  The  specific  gravity  of  this  acid  is 

1.42.  If  an  acid  weaker  than  this  be  submitted  to  distillation,  water 
will  pass  oft’  until  acid  of  this  strength  is  obtained,  when  it  distils  over 
unchanged. 

The  specific  gravity  of  the  vapour  of  nitric  acid,  at  86°  C.,  has  been 

* It  is  extremely  difficult  to  obtain  the  HNO3  free  from  any  extraneous  water,  as  it 
undergoes  decomposition  not  only  when  vaporised  at  the  boiling-point,  but  even  as 
ordinary  temperatures. 
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determined  as  29.6  (H=  1),  which  is  sufficiently  near  to  half  of  63,  to 
show  that  the  molecule  1 1 N 03  would  occupy  exactly  two  volumes  if  it 
had  not  suffered  partial  decomposition  by  heat. 

The  facility  with  which  nitric  acid  parts  with  a portion  of  its  oxygen, 
renders  it  very  valuable  as  an  oxidising  agent.  Comparatively  few 
substances  which  are  capable  of  forming  compounds  with  oxygen  can 
escape  oxidation  when  treated  with  nitric  acid. 

A small  piece  of  phosphorus  dropped  into  a porcelain  dish  containing 
the  strongest  nitric  acid  (and  placed  at  some  distance  to  avoid  danger), 
soon  begins  to  act  upon  the  acid,  generally  with  such  violence  as  to 
burst  out  into  flame,  and  sometimes  to  shatter  the  dish  ; the  result 
of  this  action  is  phosphoric  acid,  the  highest  state  of  oxidation  of 
phosphorus. 

When  sulphur  is  heated  with  nitric  acid,  it  is  actually  oxidised  to 
a greater  extent  than  when  burnt  in  pure  oxygen,  for  in  this  case  it 
is  converted  into  sulphurous  acid  gas  (SO,),  whilst  nitric  acid  converts 
it  into  sulphuric  acid,  IT,S04. 

Charcoal,  which  is  so  unalterable  by  most  chemical  agents  at  the 
ordinary  temperature,  is  oxidised  by  nitric  acid.  If  the  strongest  nitric 
acid  he  poured  upon  finely  powdered  charcoal,  the  latter  takes  fire  at 
once. 

Even  iodine,  which  is  not  oxidised  by  free  oxygen,  is  converted  into 
iodic  acid  (HI03)  by  nitric  acid. 

But  it  is  especially  in  the  case  of  metals  that  the  oxidising  powers  of 
nitric  acid  are  called  into  useful  application. 

If  a little  black  oxide  of  copper  be  heated  in  a test-tube  with  nitric 
acid,  it  dissolves,  without  evolution  of  gas,  yielding  a blue  solution, 
which  contains  copper  nitrate,  2HN03  4-  CuO  = IT,0  + Cu(N03)2. 

But  when  nitric  acid  is  poured  upon  metallic  copper  (copper  turn- 
ings) very  violent  action  ensues,  red  fumes  are  abundantly  evolved, 
and  the  metal  dissolves  in  the  form  of  copper  nitrate,  nitric  oxide 
being  formed,  8HN03  + Cu3  = 3Cu(NOa)2  + 4H20  + 2NO. 

The  nitric  oxide  itself  is  colourless,  hut  as  soon  as  it  comes  into 
contact  with  the  oxygen  of  the  air,  it  is  converted  into  the  red  nitric 
peroxide,  NO  + 0 = NO,. 

The  gases  evolved  when  nitric  acid  is  de-oxidised  by  the  metals  are 
nitric  oxide,  NO,  nitrous  oxide,  N,0,  and  nitrogen,  in  proportions 
which  vary  with  the  nature  of  the  metal,  the  strength  of  the  acid, 
and,  to  some  extent,  with  the  temperature. 

Copper  and  silver,  dissolved  in  nitric  acid  diluted  with  two  parts 
of  water,  evolve  nearly  pure  NO. 

Iron  also  evolves  nearly  pure  NO,  when  dissolved  either  in  nitric 
acid  with  one  part  or  with  twelve  parts  of  water. 

Zinc,  with  1 : 2 strength  of  acid,  whether  hot  or  cold,  evolves  nearly 
equal  volumes  of  NO  and  N,0,  but  with  the  strong  acid  it  evolves 
scarcely  any  NO,  but  a mixture  of  about  2 vols.  of  N„0  and  1 vol.  N. 

Tin,  with  cold  concentrated  nitric  acid,  also  evolves  scarcely  any 
NO,  but  a mixture  of  about  6 vols.  N20  and  1 vol.  N. 

All  the  metals  in  common  use  are  acted  upon  by  nitric  acid,  except 
gold  and  platinum,  so  that  this  acid  is  employed  to  distinguish  and 
separate  these  metals  from  others  of  less  value.  The  ordinary  ready 
method  of  ascertaining  whether  a trinket  is  made  of  gold,  consists  in 
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touching  it  with  a glass  stopper  wetted  with  nitric  acid,  which  leaves 
gold  untouched,  but  colours  base  alloys  blue,  from  the  formation  of 
copper  nitrate.  The  touch-stone  allows  this  mode  of  testing  to  be 
applied  with  great  accuracy.  It  consists  of  a species  of  black  basalt, 
obtained  chiefly  from  Silesia.  If  a piece  of  gold  be  drawn  across  its 
surface,  a golden  streak  is  left,  which  is  not  affected  by  moistening  with 
nitric  acid ; whilst  the  streak  left  by  brass,  or  any  similar  base  alloy,  is 
rapidly  dissolved  by  the  acid.  Experience  enables  an  operator  to 
determine,  by  means  of  the  touch-stone,  pretty  nearly  the  amount  of 
gold  present  in  the  alloy,  comparison  being  made  with  the  streaks  left 
by  alloys  of  known  composition. 

Though  all  the  metals  in  common  use,  except  gold  and  platinum,  are  oxidised 
by  nitric  acid,  they  are  not  all  dissolved ; there  are  two  metals,  tin  and  antimony, 
which  are  left  by  the  acid  in  the  state  of  insoluble  oxides,  which  possess  acid  pro- 
perties, and  do  not  unite  with  the  nitric  acid. 

If  some  concentrated  nitric  acid  be  poured  upon  tin,  no  action  will  be  observed ; * 
but  on  adding  a little  water,  red  fumes  will  be  evolved  in  abundance,  and  the  tin 
will  be  converted  into  a white  powder,  metastannic  acid. 

If  the  white  mixture  be  stirred  with  slaked  lime,  the  smell  of  ammonia  will  be 
exhaled ; other  metals  also  produce  ammonia  when  dissolved  in  diluted  nitric 
acid,  its  quantity  increasing  with  the  degree  of  dilution  of  the  nitric  acid ; 
of  course,  the  ammonia  combines  with  the  excess  of  acid  present  to  form  am- 
monium nitrate,  and  the  lime  was  added  in  the  above  experiment  in  order  to 
displace  the  ammonia  from  its  combination,  and  to  exhibit  its  odour.  This  con- 
version of  nitric  acid  into  ammonia  becomes  the  more  interesting  when  it  is 
remembered  that  the  ammonia  can  be  reconverted  into  nitric  acid  (p.  132). 

By  dissolving  zinc  in  very  diluted  nitric  acid,  a very  large  quantity  of  ammonia 
may  be  obtained.  The  change  is  easily  followed  if  we  suppose  the  nascent 
hydrogen,  produced  by  the  action  of  the  zinc  upon  the  water,  to  act  upon  the 
nitric  acid,  converting  its  oxygen  into  water,  and  its  nitrogen  into  ammonia, 
thus — HN03  + H8  = 3H;,0-(-NH3.  The  exalted  attractions  possessed  by  substances 
in  the  nascent  state,  that  is,  at  the  instant  of  their  passing  from  a state  of  com- 
bination, are  verjr  remarkable,  and  will  be  found  to  receive  frequent  application. 

When  a solution  of  potassium  nitrate  is  mixed  with  a strong  solution  of  caustic 
potash,  and  heated  with  granulated  zinc,  ammonia  is  abundantly  disengaged, 
being  produced  by  the  nascent  hydrogen  resulting  from  the  action  of  the  zinc 
upon  the  caustic  potash.  Aluminium  acts  thus  even  in  dilute  solutions. 

Action  of  nitric  acid  upon  organic  substances. — The  oxidising  action 
of  nitric  acid  upon  some  organic  substances  is 
so  powerful  as  to  be  attended  with  inflamma- 
tion ; if  a little  of  the  strongest  nitric  acid  be 
placed  in  a porcelain  capsule,  and  a few  drops 
of  oil  of  turpentine  be  poured  into  it  from  a 
test-tube  fixed  to  the  end  of  a long  stick,  the 
turpentine  takes  fire  with  a soil  of  explosion. 

By  boiling  some  of  the  strongest  acid  in  a test- 
tube  (fig.  153),  the  mouth  of  which  is  loosely 
stopped  with  a plug  of  raw  silk  or  of  horse- 
hair, the  latter  may  be  made  to  take  fire  and 
burn  brilliantly  in  the  vapour  of  nitric  acid. 

In  many  cases  the  products  of  the  action  of  nitric  acid  exhibit  a most 
interesting  relation  to  the  substances  from  which  they  have  been 
produced,  one  or  more  atoms  of  the  hydrogen  of  the  original  compound 
having  been  removed  in  the  form  of  water  by  the  oxygen  of  the  nitric 

* It  is  a fact  which  has  scarcely  been  explained  in  a satisfactory  manner,  that  the  con- 
centrated nitric  acid  often  refuses  to  act  upon  metals  which  are  violently  attacked  by  the 
diluted  acid. 
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acid,  whilst  the  spaces  thus  left  vacant  have  been  tilled  up  by  the  nitric 

peroxide  resulting  from  the  de-oxidation  of  the  nitric  acid,  producing 

what  is  termed  a nitro- substitution  compound.  A very  simple  example 

of  this  displacement  of  H by  NO,  is  afforded  by  the  action  of  nitric  acid 

upon  benzene.  A little  concentrated  nitric  acid  is  placed  in  a flask,  and 

benzene  cautiously  dropped  into  it ; a violent  action  ensues,  and  the  acid 

becomes  of  a deep  red  colour  • if  the  contents  of  the  flask  be  now  poured 

into  a large  vessel  of  water,  a heavy  yellow  oily  liquid  is  separated, 

having  a powerful  odour,  like  that  of  bitter  almond  oil.  This  substance, 

which  is  used  to  a considerable  extent  in  perfumery  under  the  name  of 

essence  of  Mirbane,  is  called  nitro-benzene,  and  its  formula,  CGH.(NO,), 

at  once  exhibits  its  relation  to  benzene,  C.H  * 

'66 

But  the  change  does  not  stop  here,  for  by  continuing  the  action  01 
the  acid,  dinitro-benzene,  C6H4(NO,)„  is  obtained,  in  which  two  atoms 
of  hydrogen  have  been  displaced  by  nitric  peroxide. 

It  is  by  an  action  of  this  description  that  nitric  acid  gives  rise  to  gun- 
cotton, and  other  explosive  substances  of  the  same  class,  when  acting  upon 
the  different  varieties  of  woody  fibre,  as  cotton,  paper,  saw-dust,  &c. 

The  preparation  and  composition  of  gun-cotton  will  be  described 
hereafter. 

94.  The  oxidising  effects  of  nitric  acid  are  shared  to  some  extent  by 
the  nitrates.  A mixture  of  nitrate  of  lead  with  charcoal  explodes  when 
sharply  struck,  from  the  sudden  evolution  of  carbonic  acid  gas,  produced 
by  the  oxidation  of  the  carbon.  If  a few  crystals  of  copper  nitrate  be 
sprinkled  with  water  and  quickly  wrapped  up  in  tin-foil,  the  latter  will, 
after  a time,  be  so  violently  oxidised  as  to  emit  brilliant  sparks. 

But  in  the  case  of  the  nitrates  of  alkali  metals,  the  oxidation  takes 
place  only  at  a high  temperature.  If  a little  nitre  be  fused  in  an  earthen 
crucible  or  an  iron  ladle,  and,  when  it  is  at  a red  heat,  some  powdered 
charcoal,  and  afterwards  some  flowers  of  sulphur,  be  thrown  into  it,  the 
energy  of  the  combustion  will  testify  to  the  violence  of  the  oxidation.  In 
this  manner  the  carbon  is  converted  into  potassium  carbonate  (K,COa), 
and  the  sulphur  into  potassium  sulphate  (K2S04).  See  Gunpowder. 

95.  Anhydrous  nitric  acid  or  nitric  anhydride  (N205)  is  obtained  by  gently  beat- 
ing silver  nitrate  in  a slow  current  of  chlorine,  great  care  being  taken  to  exclude 
every  trace  of  water  ; 2AgN 03  + Cl2  = 2 AgCl  + 0 + N.,0,. 

It  may  also  be  obtained  by  adding  anhydrous  phosphoric  acid  to  the  strongest 
nitric  acid  cooled  in  snow  and  salt,  and  carefully  distilling  at  as  low  a temperature 
as  possible  into  a receiver  cooled  in  snow  and  salt. 

The  anhydride  is  condensed  as  a crystalline  solid.  It  forms  transparent 
colourless  prisms  which  liquefy  at  85°  F.,  and  boil  at  113°.  By  a slightly  higher 
temperature  it  is  readily  decomposed  ; and  it  has  been  said  to  decompose  even 
at  the  ordinary  temperature,  in  sealed  tubes,  which  were  shattered  by  the  evolved 
gas.  It  is  more  stable  in  the  dark. 

When  the  anhydride  is  brought  in  contact  with  water,  much  heat  is  evolved, 
and  nitric  acid  is  produced.  . 

The  specific  gravity  of  the  vapour  of  nitric  anhydride  being  unknown,  it  is  only 
a surmise  that  Its  molecule  is  represented  by  N.,0..  Its  formation  by  the  action 
of  chlorine  upon  silver  nitrate  appears  to  take  place  in  two  stages 

r\)  A o-  0 NO.,  + CLj  = AgCl  + NO., Cl  (nitroxyle  chloride)  + O;  and 
(2)  NO  Cl  + Ag.O.NO.,  = AgCl  + NOrO.NO„  [nitric  anhydride). 

The  disposition  of  HNO;)  to  give  NO,  as  a product  of  its  decomposition  and  to 
exchange  it  for  the  hydrogen  of  organic  substances,  leads  to  the  belief  that  it  is 


* CJlr,  + HN03 
CcHo  + a(HNO,) 


OflH5(NOs)  + H20 

C,H#(NO,)f  + 2ir20. 
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really  formed  upon  the  type  of  a molecule  of  water  ^ j-  O,  in  which  half  the 
hydrogen  is  displaced  by  NO..  The  relation  between  the  anhydride,  the  acid, 
and  the  nitrates,  would  then  be  a very  simple  one  ; nitric  anhydride  j O ; 

nitric  acid,  j-  0 ; saltpetre,  j-  0. 

Nitrates. — Its  powerful  action  on  bases  places  nitric  acid  among  the 
strongest  of  the  acids,  though  the  disposition  of  its  elements  to  assume  the 
gaseous  state  at  high  temperatures,  conjoined  with  the  feeble  attraction 
existing  between  nitrogen  and  oxygen,  causes  its  salts  to  be  decomposed, 
without  exception,  by  heat.  The  nature  of  the  decomposition  varies 
with  the  metal  contained  in  the  nitrate.  The  nitrates  of  alkali  metals 
are  first  converted  into  nitrites  by  the  action  of  heat;  thus  KN03  gives 
KNO„  and  0;  the  nitrites  themselves  being  eventually  decomposed, 
evolving  nitrogen  and  oxygen,  and  leaving  the  oxide  of  the  metal.  The 
nitrates  of  copper  and  lead  evolve  nitric  peroxide  (NO.)  and  oxygen,  the 
oxides  being  left.  The  nitrate  of  mercury  leaves  red  oxide  of  mercury, 
which  is  decomposed  at  a higher  temperature  into  mercury  and  oxygen. 

Nitric  acid  is  a monobasic  acid,  because  it  contains  only  one  atom  of 
hydrogen  to  be  replaced  by  a metal.  Comparatively  few  of  the  nitrates 
are  in  common  use ; the  following  table  contains  those  most  frequently 
used : — 


Chemical  Name. 

Common  Name. 

Formula. 

Potassium  nitrate 
Sodium  nitrate  . 
Strontium  nitrate 
Basic  bismuth  nitrate 
Silver  nitrate  . 

Nitre,  saltpetre  . 

1 Cubic  nitre  . . ) 

’( Peruvian  saltpetre  . J 

Nitrate  of  strontian  . 

f Trisnitrate  of  bismuth  > 

(Flake  white  . . ) 

Lunar  caustic 

KNOs 

NaNO., 

Sr(N03)g 

Bi(N03)3.2Bi(0H)3 

AgN03 

Determination  of  the  composition  of  nitric  acid. — A definite  weight,  say  10  grms., 
of  j>ure  lead  oxide  is  taken,  5 grms.  of  nitric  acid  mixed  with  it,  and  a gentle 
heat  applied  as  long  as  vapour  of  water  escapes  ; Pb0  + 2HN03  = H.0  + Pb(N0.,)2. 
Say  that  the  residue  weighs  14.27  grms. ; then 

From  the  weight  of  lead  oxide  and  nitric  acid  . . 15.00  grms. 

Deduct  weight  of  lead  oxide  and  lead  nitrate  . . 14.27  ,, 


Water  which  has  been  expelled  . . . .73  ,, 

corresponding  to  .08  grm.  H. 

The  mixture  of  lead  nitrate  and  excess  of  lead  oxide  is  then  strongly  heated  in 
a tube  containing  copper,  when  Pb(NO:))2  + Cu5  = PbO  + 5CuO  + N„ ; the  nitrogen 
is  collected  and  measured.  Say  that  884.7  cub.  cent,  of  N are  obtained;  these 
would  weigh  884. 7 x ^Yinr  grm.  = 1.19  grm. 

Hence  we  find,  in  5 grms.  of  nitric  acid,  1.19  grm.  N,  .08  grm.  H,  and,  by 
dilference,  3.73  grms.  O.  Dividing  these  numbers  by  the  atomic  weights,  14, 
1,  and  16,  we  obtain  .08  atom  of  N,  .08  atom  of  H,  and  .24  atom  of  O,  or  1 atom 
of  H,  to  1 atom  of  N and  3 atoms  of  O.  This  would  give,  for  the  molecule  of 
nitric  acid,  HNO.„  1 + 14  + 48  = 63.  Experiment  gives  the  sp.  gr.  of  nitric  acid 
vapour  as  29.6  (H=i),  which  would  give  59.2  as  the  molecular  weight,  and  this 
is  as  near  to  63  as  would  be  expected,  considering  that  HN03  cannot  be  vaporised 
without  partial  decomposition. 

96.  Nitrous  oxide  or  laughing  gas  (N.O  = 44  parts  by  weight  = 2 vol- 
umes) is  prepared  by  heating  ammonium  nitrate,  when  it  is  resolved 
into  water  and  nitrous  oxide;  NH4N03=  2IT.O  + N.O. 
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Nitrate  of  ammonia  or  ammonium  nitrate  is  obtained  by  adding  fragments  of 
ammonium  carbonate  to  nitric  acid  * diluted  with  an  equal  volume  of  water,  until 
the  carbonate  no  longer  effervesces  in  the  liquid,  which  is  then  evaporated  down 
until  a drop  solidifies  on  a cold  surface,  when  the  whole  may  be  poured  out  upon 
a clean  stone  and  the  mass  broken  up  and  preserved  in  a well-stoppered  bottle, 
because  it  is  liable  to  attract  moisture  from  the  air.  To  obtain  the  nitrous  oxide, 
an  ounce  of  the  salt  may  be  gently  heated  in  a small  retort,  when  it  melts,  boils, 
and  gradually  disappears  entirely  in  the  forms  of  steam  and  nitrous  oxide.  The 
latter  may  be  collected  with  slight  loss  over  water.  Crystallised  ammonium 
nitrate  may  be  employed  instead  of  the  fused  salt. 

In  the  preparation  of  nitrous  oxide,  if  the  temperature  be  too  high,  the  gas  may 
contain  nitric  oxide  and  nitrogen;  NH4N03  = N0  + N + 2H20.  To  purify  the 
gas,  it  should  be  passed  through  a strong  solution  of  ferrous  sulphate,  to  absorb 
the  nitric  oxide,  and  afterwards  through  potash  to  absorb  acid  vapours. 

Nitrous  oxide  is  perfectly  colourless,  but  has  a slight  odour  and  a 
sweetish  taste.  Its  characteristic  anaesthetic  property  is  well  known. 
It  accelerates  the  combustion  of  a taper  like  oxygen  itself,  and  will  even 
kindle  into  flame  a spark  at  the  end  of  a match.  When  C is  burnt 
into  C02  by  2N20,  it  evolves  40,400  more  units  of  heat  than  when 
burnt  in  0,,  showing  that,  contrary  to  the  usual  law,  heat  is  evolved  in 
the  decomposition  of  the  N20,  amounting  to  20,200  units  per  molecule. 
Such  a compound  is  said  to  be  endothermic.  Nitrous  oxide  can  readily 
be  distinguished  from  oxygen  by  shaking  it  with  water,  which  absorbs, 
at  the  ordinary  temperature,  about  three-fourths  of  its  volume  of  the 
nitrous  oxide.  It  is  absorbed  in  larger  quantity  by  alcohol.  It  is  also 
much  heavier  than  oxygen,  its  specific  gravity  being  1.53,  and  is  liquefied 
by  a pressure  of  40  atmospheres  at  450  F.,  and  solidified  at  — 150°  F. 
It  is  now  sold  in  a liquid  state  in  wrought-iron  vessels  for  use  as  an 
antesthetic  in  dental  surgery. 

The  liquid  nitrous  oxide  possesses  properties  similar  to  those  of  liquid  carbon 
dioxide  with  respect  to  its  rapid  evaporation  ; but  it  may  be  drawn  into  test-tubes 
in  a liquid  state  from  the  receiver.  A lighted  match  thrown  into  the  liquid  burns 
with  great  brilliancy.  When  mixed  with  carbon  disulphide  and  evaporated  in 
vacuo,  it  produces  an  extremely  low  temperature  - 220°  F.  (-  140°  C.). 

97.  Nitric  oxide  (NO  =30  parts  by  weight  = 2 volumes)  is  usually 
obtained  by  the  action  of  copper  upon  diluted  nitric  acid  (see  page  136). 

300  grains  (or  20  grins.)  of  cop- 
per turnings  or  clippings  are 
introduced  into  a retort,  and  3 
measured  ounces  (or  85  c.c.)  of  a 
mixture  of  concentrated  nitric  acid 
with  an  equal  volume  of  water  are 
poured  upon  them.  A very  gentle 
heat  may  be  applied  to  assist  the 
action,  and  the  gas  may  be  col- 
lected over  water  (see  fig.  154), 
which  absorbs  the  red  fumes  (N  0.,) 
formed  by  the  union  of  the  NO 
with  the  oxygen  of  the  air  con- 
tained in  the  retort. 

Nitric  oxide  is  distinguished 
from  all  other  gases  by  the 
production  of  a red  gas,  when 
the  colourless  nitric  oxide  is 
allowed  to  come  in  contact  with  uncombined  oxygen,  the  presence  of 

* Which  must  remain  clear  when  tested  with  silver  nitrate,  showing  it  to  be  free  from 
chlorine. 
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which,  in  mixtures  of  gases,  may  he  readily  detected  by  adding  a little 
nitric  oxide.  The  red  gas  consists  chiefly  of  nitric  peroxide  (NO„)  when 
the  oxygen  is  in  excess,  otherwise  it  contains  also  some  nitrous  anhy- 
dride (N2Os). 

The  combination  of  nitric  oxide  with  oxygen  may  be  exhibited  by  decanting  a 
pint  bottle  of  oxygen,  under  water,  into  a tall  jar  filled  with  water  coloured  with 
blue  litmus,  and  adding  to  it  a pint  bottle  of  nitric  oxide  (fig.  155).  Strong  red 
fumes  are  immediately  produced,  and  on  gently  agitating  the  cylinder,  the  fumes 
are  absorbed  by  the  water,  reddening  the  litmus.  The  oxygen  will  now  have  been 
reduced  to  half  its  volume,  and  if  another  pint  of  nitric  oxide  be  added,  the 
remainder  of  the  oxygen  will  be  absorbed,  showing  that  two  volumes  of  nitric  oxide, 
combine  loith  one  volume  of  oxygen,  forming  the  nitric  peroxide  which  is  absorbed  by 
the  water. 

In  presence  of  water  and  excess  of  oxygen,  NO  is  entirely  converted  into  nitric- 
acid;  2N0  + H.,0  + 03  = 2HN03. 

The  addition  of  nitric  oxide  to  atmospheric  air  was  one  of  the  earliest 
methods  employed  for  removing  the  oxygen  in  order  to  determine  the 
composition  of  air ; but  important-  variations  were  observed  in  the 
results,  in  consequence  of  the  occasional  formation  of  N20„  in  addition 
to  the  NO.,. 
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Fig.  156. 


The  rough  analysis  of  air  by  this  method  may  be  instructively  performed  with 
two  similar  gas  cylinders,  each  divided  into  ten  equal  volumes.  Into  one  arc 
introduced  five  volumes  of  air,  and  into  the  other  five  volumes  of  nitric  oxide. 
On  decanting  the  air,  under  water,  into  the  nitric  oxide  (fig.  156),  the  red  nitric 
peroxide  will  be  formed  and  absorbed  by  the  water,  the  ten  volumes  of  gas  shrink- 
ing to  seven,  showing  that  three  volumes  have  been  absorbed,  of  which  one 
volume  would  of  course-  represent  the  oxygen  contained  in  the  five  volumes 
of  air. 

The  nitric  oxide  prepared  by  the  action  of  copper  on  nitric  acid  generally  contains 
- nitrous  oxide,  and  will  seldom  give  correct  results  in  the  above  experiment.  Pure 
nitric  oxide  may  be  obtained  by  heating  in  a retort  100  grains  (or  6.5  grms.) 
potassium  nitrate,  1000  grains  (or  65  grms.)  of  ferrous  sulphate,  and  three 
measured  ounces  (or  85  c.c.)  of  diluted  sulphuric  acid  (containing  one  measure  of 
acid  to  three  measures  of  water),  which  will  jdeld  above  two  pints  (or  x 133  c.c.)  of 
gas  ; 2KN03  + 6FeS0,  + 4H2S0,  = K,S04  + 3Fe2(S0j3  + 2N0  + 4H,0. 

In  all  its  properties  nitric  oxide  is  very  different  from  nitrous  oxide. 
It  is  much  lighter,  having  almost  exactly  the  same  specific  gravity  as  air, 
viz.,  1.04.  and  is  not  dissolved  to  an  important  extent  by  water.  It  is 
more  difficult  to  liquefy,  requiring  a pressure  of  104  atmospheres  at 
— ii°  C.  When  a lighted  taper  is  immersed  in  nitric  oxide  it  is 
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extinguished,  although  this  gas  contains  twice  as  much  oxygen  as 
nitrous  oxide,  which  so  much  accelerates  the  combustion  of  a taper ; for 
the  elements  are  held  together  by  a stronger  attraction  in  the  nitric 
oxide,  so  that  its  oxygen  is  not  so  readily  available  for  the  support  of 
combustion.  (The  nitric  oxide  prepared  from  copper  and  nitric  acid 
sometimes  contains  so  much  nitrous  oxide  that  a taper  burns  in  it 
brilliantly.)  Even  phosphorus,  when  just  kindled,  is  extinguished  in 
nitric  oxide,  but  when  allowed  to  attain  to  full  combustion  in  air,  it 
burns  with  extreme  brilliancy  in  the  gas.  Indeed,  nitric  oxide  appears 
to  be  the  least  easy  of  decomposition  of  the  whole  series  of  oxides  of 
nitrogen,  which  accounts  for  its  being  the  most  common  result  of  the 
decomposition  of  the  other  oxides.  Nitrous  oxide  itself,  when  passed 
through  a red-hot  tube,  is  partly  converted  into  nitric  oxide ; and  when 
a taper  burns  in  a bottle  of  nitrous  oxide,  the  upper  part  of  the  bottle 
is  often  filled  with  a red  gas,  indicating  the  formation  of  nitric  oxide, 
and  its  oxidation  by  the  air  entering  the  bottle. 

The  difference  in  the  stability  of  the  two  gases  is  also  shown  by  their 
behaviour  with  hydrogen.  A mixture  of  nitrous  oxide  with  an  equal 
volume  of  hydrogen  explodes  when  in  contact  with  flame,  yielding  steam 
and  nitrogen,  but  a mixture  of  equal  volumes  of  nitric  oxide  and  hydro- 
burns quietly  in  air,  the 


gen 


Fig-  157- 


hydrogen  not  decomposing  the 
nitric  oxide.  An  excess  of  hydro- 
gen, however,  is  capable  of  decom- 
posing nitric  oxide,  ammonia  and 
water  being  formed. 

If  two  volumes  of  nitric  oxide  be 
mixed  with  five  volumes  of  hydrogen 
and  the  gas  passed  through  a tube 
having  a bulb  filled  with  platinised 
asbestos  (fig.  157),*  the  mixture  issu- 
p*  ing  from  the  orifice  of  the  tube  will 
produce  the  red  vapours  by  contact 
with  the  air,  which  will  strongly  redden 
blue  litmus ; but  if  the  platinised 
asbestos  be  heated  with  a spirit-lamp, 
the  hydrogen,  encouraged  by  the  action 


of  the  platinum  < 90)  will  decompose  the  nitric  oxide,  and  strongly  alkaline  vapours 
of  ammonia  will  be  produced,  restoring  the  blue  colour  to  the  reddened  litmus  ; 
-NT/-)  , it  _ xr ip  +H„0.  It  will  be  remembered  that  when  oxygen  is  111  excess, 
ammonia  is  converted,  under  the  influence  of  platinum,  into  water  and  nitrous 

Nitric  oxide  is  readily  absorbed  by  ferrous  salts,  with  which  it  forms 
dark  brown  solutions.  If  a little  solution  of  ferrous  sulphate  (FeS04) 
be  shaken  in  a cylinder  of  nitric  oxide  closed  with  a glass  plate,  the  gas 
will  be  immediately  absorbed  and  the  solution  will  become  dark  brown 
On  applying  heat,  the  brown  compound  is  decomposed.  A compound 
of  2FeSO  and  NO  has  been  obtained  in  small  brown  crystals,  which 

lose  all  their  nitric  oxide  in  vacuo.  , , 

When  shaken  with  moist  ferrous  hydrate,  NO  is  reduced  to  N O 
and  N In  the  presence  of  caustic  soda,  sodium  hypomtnte  (NaNO) 
and  ammonia  are  also  produced.  By  employing  a large  excess  of  soda, 
one-fifth  of  the  nitric  oxide  may  be  converted  into  the  hypomti  ite. 

• Asbestos  which  has  been  wetted  with  solution  of  platinic  chloride,  dried,  and  heated 
to  redness,  to  reduce  the  platinum  to  the  metallic  state. 
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98.  Nitrous  anhydride , or  nitroso-nitric  oxide  (N,0.t  = 76  parts  by 
weight. — Ammonium  nitrite  is  said  to  exist  in  minute  quantity  in  rain 
water,  and  nitrites  are  occasionally  found  in  well-waters,  where  they 
have  probably  been  formed  by  the  oxidation  of  ammonia  (91).  Small 
quantities  of  ammonium  nitrite  appear  to  be  formed  by  the  combustion 
ill  air  of  gases  containing  hydrogen,  this  element  uniting  with  the 
atmospheric  oxygen  and  nitrogen. 

Nitrous  anhydride  may  be  obtained  by  heating  starch  with  nitric 
acid,  but  the  most  convenient  process  consists  in  gently  heating  nitric 
acid  (sp.  gr.  1.35)  with  an  equal  weight  of  white  arsenic,  and  passing 
the  gas,  first  through  a U-tube  (fig.  158)  surrounded  with  cold  water, 
to  condense  undecomposed  nitric  acid,  then  through  a similar  tube 
containing  calcium  chloride,  to  absorb  aqueous  vapour,  and  afterwards 
into  a U-tube  surrounded  with  ice.  Through  a small  tube  opening  into 
the  bend  of  this  U-tube,  the  condensed  nitrous  anhydride  drops  into  a 
tube  drawn  out  to  a narrow  neck,  so  that  it  may  be  drawn  off,  and 
sealed  by  the  blowpipe — 

2HNO3  + As,0;1  + 211,0  = 2H3AsO.,  + N..O;1. 

White  arsenic.  Arsenic  acid. 


Fig.  158. — Preparation  of  nitrous  anhydride. 

Nitrous  anhydride  is  also  prepared  by  decomposing  the  acid  nitrosyle 
sulphate  (see  Aqua  regia ) with  a small  quantity  of  water — 

2N0HS04  + II20  = 2H2S04  + N,Or 
Nitrous  anhydride  is  a green  liquid  which  boils  at  140  C.,  becoming 
converted  into  a red  vapour,  and  partly  decomposed  into  NO  and  NO.,. 
Water  at  about  32  F.  dissolves  the  acid  without  decomposing  it,  yield- 
ing a blue  solution,  which  is  decomposed,  as  the  temperature  rises,  into 
nitric  acid  which  remains  in  the  liquid,  and  nitric  oxide  which  escapes 
with  effervescence ; 3N20?  + H,0  = 2HN03  + 4NO. 

The  blue  solution  is  believed  to  contain  nitrous  acid,  HNO.„  resulting 
from  the  reaction  N,0.}  + H„0  = 2HNO, ; but  this  compound  has  not 
been  obtained  in  a pure  state. 

A very  dilute  solution  of  nitrous  acid  may  be  preserved  for  some  time 
and  even  distilled  without  decomposition. 

The  salts  of  nitrous  acid,  or  nitrites,  are  interesting  on  account  of 
their  production  from  the  nitrates  by  the  action  of  heat  (p.  139). 

If  potassium  nitrate  be  fused  in  a fireclay  crucible  and  heated  to  redness,  it  will 


144 


NITRIC  PEROXIDE. 


evolve  bubbles  of  oxygen,  and  slowly  become  converted  into  potassium  nitrite 
(KNO.,).  The  heat  may  be  continued  until  a portion  removed  on  the  end  of  an 
iron  rod,  and  dissolved  in  water,  gives  a strongly  alkaline  solution.  The  fused 
mass  may  then  be  poured  upon  a dry  stone,  and,  when  cool,  broken  into  fragments 
and  preserved  in  a stoppered  bottle.  On  heating  a fragment  of  the  nitrite  with 
diluted  sulphuric  acid,  red  vapours  will  be  disengaged,  but  these  contain  little 
nitrous  acid,  the  greater  part  of  this  being  decomposed  by  the  water  into  nitric 
acid  and  nitric  oxide. 

When  nitrous  acid  acts  upon  ammonia,  both  compounds  suffer  decomposition, 
water  and  nitrogen  being  the  results ; NH,  + HN02=N2  + 2H20. 

This  is  sometimes  taken  advantage  of  in  preparing  nitrogen  gas  by  boiling  mixed 
solutions  of  sal  ammoniac  and  potassium  nitrite  ; NH4C1  + KNO.  = KC1+  2H.O  + N2. 

In  experiments  upon  organic  compounds,  nitrous  acid  is  sometimes  employed  as 
a convenient  agent  for  effecting  simultaneously  the  removal _of  3 atoms  of  hydrogen 
from  a compound,  and  the  insertion  of  1 atom  of  nitrogen. 

When  solutions  of  nitrites  are  heated  in  contact  with  air,  they  gradually  absorb 
oxygen,  becoming  converted  into  nitrates. 

Alkali  nitrites  are  reduced,  in  solution,  by  ferrous  hydrate,  yielding  N,  N,0,  NHS, 
and  hyponitrites. 

When  a solution  of  sodium  nitrate,  NaN03,  is  acted  on  by  sodium  amalgam,  it 
is  first  reduced  to  sodium  nitrite,  NaNO.,  and  then  to  sodium  hyponitrite,  NaNO, 
which  gives  a yellow  precipitate  of  silver  "hyponitrite,  AgNO,  on  addition  of  silver 
nitrate  to  the  solution  after  neutralisation  with  nitric  acid.*  The  sodium  salt 
may  be  prepared  in  large  quantity  by  fusing  sodium  nitrate  with  iron  filings  in  an 
iron  crucible,  when  the  iron  abstracts  O from  the  NaNOs,  and  converts  it  into 
NaNO.  By  boiling  the  fused  mass  with  water,  filtering,  and  evaporating  to  a 
small  bulk,  needle-shaped  crystals  are  obtained  on  cooling,  which  have  the  formula 


NaN0.3Aq.  . 

rj^]2e  corresponding  acid,  HNO,  lias  not  been  obtained,  tbe  attempts  to  prepare  it 

having  resulted  in  the  formation  of  nitrous  oxide  and  water  ; 2 UNO  = N. ,0  + 11.0. 

99?  Nitric  peroxide  (N02  = 46  parts  by  weight  (or  N204=  92  parts)  = 

2 volumes),  formerly  known  as  nitrous  acid. — By  passing  a mixture  of 

nitric  oxide  with  half  its  volume  of  oxygen,  free  from  every  trace  of 

moisture,  into  a perfectly  dry  tube  cooled  in  a mixture  of  ice  and  salt,  the 

dark  red  gas  is  condensed  into  colourless  prismatic  crystals  which  melt  at 

io°  F.  ( - 1 20  C.)  into  a nearly  colourless  liquid.  This  gradually  becomes 

yellow  as  the  temperature  rises,  and  at  the  ordinary  temperature  has  a. 

deep  orange  colour.  It  is  very  volatile,  boiling  at  710  F.  (220  C.),  and 

being  converted  into  a red-brown  vapour,  which  was  long  mistaken  foi 

a permanent  gas,  on  account  of  the  great  difficulty  of  condensing  it 

when  once  mixed  with  air  or  oxygen.  Nitric  peroxide  is  also  obtained, 

mixed  with  one-fourth  of  its  volume  of  oxygen,  by  heating  lead  nitrate 

(fig.  159);  Pb(N03)2  = PbO  + 2N02+  0.  _ . . . 

The  vapour  of  nitric  peroxide  is  much  heavier 
than  atmospheric  air. 

Its  specific  gravity  (compared  with  hydrogen  at  the 
same  temperature)  diminishes  as  the  temperature  rises. 
At  140°  C.  it  is  twenty-three  times  as  heavy  as  hydrogen, 
showing  its  molecular  weight  to  be  46.  This  variation  in 
density,  in  conjunction  with  the  other,  changes  with 
increase  of  temperature,  lead  to  the  belief  that  the  mole- 
cule of  nitric  peroxide  at  low  temperatures  (in  its  liquid 
state)  is  N„04,  and  becomes  decomposed  into  2N02at-  high 
temperatures.  At  500°  C.  the  gas  becomes  nearly  colour- 
less, being  almost  entirely  dissociated  into  NO.,  and  0. 
N204  is  sometimes  called  niirosyle  nitrate , NO. NO.,. 

Its  colour  varies  with  the  temperature,  becoming  very  dark  at  ioo°  F. 
The  smell  of  the  vapour  is  very  characteristic.  It  supports  the  ccm- 


Fig.  135. — Preparation 
of  nitric  peroxide. 


* Hydroxyl  amine,  NH2(OII),  is  formed  at  the  same  time. 
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bustion  of  strongly  burning  charcoal  or  phosphorus,  and  oxidises  most 
of  the  metals,  potassium  taking  fire  in  it  spontaneously.  The  nitric  per- 
oxide must,  therefore,  rank  as  a powerful  oxidising  agent,  and  it  is  the 
presence  of  this  substance  in  the  red  fuming  nitric  acid  that  imparts 
to  it  higher  oxidising  powers  than  those  of  the  colourless  nitric  acid. 

The  so-called  nitrous  acicl  of  commerce  is  really  nitric  acid  holding  in 
solution  a large  proportion  of  nitric  peroxide,  and  is  prepared  by  intro- 
ducing sulphur  into  the  retorts  containing  the  mixture  of  sodium  nitrate 
and  sulphuric  acid  employed  in  the  preparation  of  the  nitric  acid,  a portion 
of  which  is  de-oxidised  and  converted  into  nitric  peroxide.  Water  in 
excess  immediately  decomposes  the  nitric  peroxide  into  nitrous  acid  and 
nitric  acid  ; 2N0.2  + H,0  = HNOa  4-  UNO,. 

When  water  is  gradually  added  to  liquid  nitric  peroxide,  it  effervesces, 
from  escape  of  nitric  oxide,  and  becomes  green,  blue,  and  ultimately 
colourless;  3 NO,  + 11,0  = NO  + 2HNO,.  If  the  red  nitric  acid  of  com- 
merce be  gradually  diluted  with  water,  it  will  be  found  to  undergo 
similar  changes,  always  becoming  colourless  at  last.  The  nitric  acid 
which  has  been  used  in  a Grove’s  battery  always  has  a green  colour, 
from  the  large  amount  of  nitric  peroxide  which  has  accumulated  in  it, 
in  consequence  of  the  decomposition  of  the  acid  by  the  hydrogen  dis- 
engaged during  the  action  of  the  battery  ; H + ITN03  = TI,0  + NO,.  If 
this  green  acid  be  diluted  with  a little  water  it  becomes  blue",  and  a larger 
quantity  of  water  renders  it  colourless,  causing  the  evolution  of  nitric 
oxide.  Similar  colours  are  obtained  by  passing  nitric  oxide  into  nitric 
acid  of  different  degrees  of  concentration,  apparently  because  nitric  per- 
oxide is  formed  and  dissolved  by  the  acid. 

When  silver,  mercury,  and  some  other  metals  are  dissolved  in  cold 
nitric  acid,  a green  or  blue  colour  is  often  produced,  leading  a novice  to 
suspect  the  presence  of  copper,  the  colour  being  really  caused  by  the 
solution,  in  the  unaltered  nitric  acid,  of  the  nitric  peroxide  produced  bv 
the  de-oxidation  of  another  portion. 

Nitric  peroxide  was  formerly  believed  to  be  an  independent  acid 
capable  of  forming  salts.  It  is  true  that  its  vapours  have  a strongly 
acid  reaction  to  test-papers,  but  when  brought  into  contact  with  alkalies, 
it  produces  a mixture  of  nitrate  and  nitrite — 

2NO,  + 2KHO  = KN03  + KNO,  + H,0. 

100 . General  review  of  tlic  oxides  0/  nitrogen . — Nitric  oxide,  nitrous 
anhydiide,  and  nitric  peroxide  are  very  remarkable  for  their  relations 
to  oxygen.  Nitric  oxide  is  one  of  the  very  few  substances  which  com- 
bine with  dry  oxygen  at  the  ordinary  temperature,  and  yet  the  nitric 
peroxide  which  is  thus  produced  is  very  ready  to  yield  its  oxygen  to 
other  substances.  Nitrous  anhydride,  as  might  be  expected,  is  inter- 
mediate in  this  respect,  being  capable  of  acting  as  a reducing  agent 
upon  powerfully  oxidising  substances,  and  as  an  oxidising  agent  upon 
substances  having  a great  attraction  for  oxygen.  Thus  a solution  of 
potassium  nitrite  acidified  with  sulphuric  acid  will  bleach  potassium 
permanganate,  reducing  the  permanganic  acid  to  manganous  oxide 
(MnO) ; whilst  if  added  to  ferrous  sulphate,  the  nitrite  converts  the 
ierrous  into  ferric  salt,  and  this  solution,  which  was  capable  of  reducing 
the  potassium  permanganate  before,  is  now  found  to  be  without  effect 
upon  it,  unless  an  excess  of  the  nitrite  has  been  added. 

Hie  oxides  of  nitrogen,  as  illustrating  combination  in  multiple  propor- 
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tions  by  weight  and  volume. — In  its  most  general  form,  the  Law  of 
Multiple  Proportions  may  be  thus  stated.  When  a substance  (A)  com- 
bines with  another  substance  (B)  in  more  than  one  proportion,  the 
quantities  of  B which  combine  with  a constant  quantity  of  A,  are  mul- 
tiples of  the  smallest  combining  quantity  of  B by  some  whole  number. 

It  was  the  occurrence  of  combination  in  multiple  proportions  which 
originally  led  to  the  application  of  the  atomic  theory  to  chemistry. 
Now  that  chemistry  is  defined  as  the  science  which  treats  of  atoms,  the 
law  of  multiple  proportions  follows  as  a matter  of  course. 

In  the  oxides  of  nitrogen  this  law  is  exemplified  in  the  simplest  form, 
since  the  quantities  of  oxygen  which  combine  with  a constant  quantity 
of  nitrogen  are  multiples  of  the  least  combining  quantity  of  oxygen  by 
2,  3,  4,  and  5. 


N 

0 

n2o 

28 

16 

n.;o., 

28 

16 

X 

2 

n2o‘ 

28 

16 

X 

3 

n.,o4 

28 

16 

X 

4 

NA 

28 

16 

X 

5 

Nitrous  oxide 

Nitric  oxide  (two  molecules) 

Nitrous  anhydride 
Nitric  peroxide 
Nitric  anhydride  . 

It  was  shown  at  p.  130  that  there  is  ground  for  representing  the  atomic  weight  of 
nitrogen  as  =14. 

When  nitrous  oxide  is  passed  through  a red-hot  porcelain  tube,  its  volume  is 
increased  by  one-half,  and  the  resulting  gas  is  found  to  be  a mixture  of  1 volume 
of  oxygen  and  2 volumes  of  nitrogen.  Hence  it  is  inferred  that,  in  nitrous  oxide, 
2 volumes  or  atoms  (28  parts)  of  nitrogen  are  united  with  1 volume  or  atom 
(16  parts)  of  oxygen,  to  form  2 volumes  or  one  molecule  of  nitrous  oxide  (repre- 
senting 44  parts  by  weight). 

When  charcoal  is  strongly  heated  in  nitric  oxide,  the  volume  of  the  gas  remains 
unchanged ; but  it  is  found  on  analysis  to  have  become  converted  into  a mixture 
of  equal  volumes  of  carbonic  acid  gas  and  nitrogen  (2NO  + C = C02  + N.,).  Since 
1 volume  of  carbonic  acid  gas  contains  1 volume  of  oxygen  (page  92),  the  experi- 
ment proves  that  x volume  of  oxygen  and  1 volume  of  nitrogen  exist  in  2 volumes 
of  nitric  oxide,  or  that  1 atom  of  nitrogen  (or  14  parts)  is  combined  with  1 atom 
of  oxygen  (16  parts)  in  2 volumes  (one  molecule,  or  30  parts  by  weight)  of  nitric 
oxide. 

The  direct  evidence  of  the  composition  of  nitrous  anhydride  is  not  so  satisfac- 
tory as  that  in  the  two  preceding  cases.  This  gas  has  been  obtained,  however, 
by  the  direct  union  of  1 volume  of  oxygen  with  4 volumes  of  nitric  oxide,  leading 
to  the  conclusion  that  it  contains  N203. 

Nitric  peroxide  has  been  analysed  by  passing  the  vapour  produced  from  a known 
weight  of  the  liquid,  over  red-hot  metallic  copper,  which  absorbed  the  oxygen, 
leaving  the  nitrogen  to  be  collected  and  measured.  It  was  thus  found  that  14  parts 
by  weight  (one  atom  = 1 volume)  of  nitrogen  were  combined  with  32  parts  by 
weight  (two  atoms  = 2 volumes)  of  oxygen,  a result  which  is  confirmed  by  the 
direct  union  of  2 volumes  of  NO  (one  molecule)  with  1 volume  of  oxygen  (one 

atom)  to  form  N02.  . . . , , , , 

Nitric  anhydride,  or  anhydrous  nitric  acid,  was  analysed  by  a method  similar 
to  that  employed  for  nitric  peroxide,  and  was  found  to  contain  28  parts  by  weight 
(2  atoms)  of  nitrogen,  combined  with  80  parts  (5  atoms)  of  oxygen.  The  volume 
occupied  by  the  molecule  of  nitric  anhydride  in  the  state  of  vapour  has  not  been 
determined,  on  account  of  the  want  of  stability  of  this  compound. 

The  facility  with  which  nitrous  anhydride  and  nitric  peroxide  can  be  decoin- 
posed  with  formation  of  nitric  oxide,  renders  it  probable  that  they  really  contain 
that  compound.  To  express  this,  they  may  plausibly  be  represented  as  formed 
after  the  same  plan  as  a molecule  of  water.  Just  as  in  H.O.H,  the  two  atoms  of 
hydrogen  are  linked  together  by  the  diatomic  oxygen,  so  in  nitrous  anhydride, 
NO.O.NO  two  molecules  of  nitric  oxide  are  linked  together  by  the  atom  of  oxy- 


it  is  easy  to  understand  the  behaviour  of  these  . . 

Thus,  by  the  action  of  nitrous  anhydride  on  caustic  potash,  we  obtain  potassium 
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nitrite,  K.O.NO,  whilst  nitric  acid  gives  potassium  nitrate,  K.O.NO,,  and  nitric 
peroxide  gives  a mixture  of  both  salts. 

From  the  experiments  of  Berthelot,  it  appears  that  the  decomposition  of  all  the 
oxides  of  nitrogen  is  attended  by  evolution  of  heat,  which  is  greatest  for  nitric 
oxide.  Hence  it  would  be  expected  that  nitrogen  and  oxygen  would  show  little 
disposition  to  enter  into  direct  combination. 

CHLORINE. 

01=35.5  parts  by  weight  = 1 volume.  35.5  grs.  =46.7  cub.  in.  at  6o°  F.  and 
30"  Bar.  35.5  grammes=  11.16  litres  at  0°  C.  and  760  mm.  Bar. 

101.  This  element  is  never  found  in  the  uncombined  state,  but  is  very- 
abundant  in  the  mineral  world  in  the  forms  of  sodium  chloride  (common 
salt)  and  potassium  chloride.  In  these  forms  also  it  is  an  important  con- 
stituent of  the  fluids  of  the  animal  body,  but  as  it  is  not  found  in  sufficient 
proportion  in  vegetable  food,  or  in  the  solid  parts  of  animal  food,  a 
quantity  of  salt  must  be  added  to  these  in  order  to  form  a wholesome 
diet.  Sodium  chloride  is  indispensable  as  a raw  material  for  several  of 
the  most  useful  arts,  such  as  the  manufactures  of  soap  and  glass,  bleach- 
ing, &c. ; in  fact,  it  is  the  source  of  three  of  the  most  generally  useful 
chemical  products — viz.,  chlorine,  hydrochloric  acid,  and  soda. 

About  the  middle  of  the  seventeenth  century,  a German  chemist 
named  Glauber  distilled  some  common  salt  with  sulphuric  acid,  and 
obtained  a strongly  acid  liquid  to  which  he  gave  the  name  muriatic  acid 
(from  muria,  brine),  and  which  was  proved  to  be  identical  with  the  acid 
long  known  to  the  alchemists  as  spirit  of  salt  (obtained  by  distilling  salt 
with  clay).  The  saline  mass  which  was  left  after  the  experiment  was 
then  termed  Glauber’s  salt,  but  afterwards  received  its  present  name  of 
sodium  sulphate. 

It  was  undoubtedly  a natural  inference  from  this  experiment  that 
common  salt  was  composed  of  muriatic  acid  and  soda,  and  that  the 
sulphuric  acid  had  a greater  attraction  for  the  soda  than  the  muriatic 
acid,  which  was  therefore  displaced  by  it.  In  accordance  with  this  view, 
common  salt  was  called  muriate  of  soda,  without  further  question,  until 
the  year  1810,  when  the  experiments  of  Davy  proved  that  it  was  really 
composed  of  the  two  elementary  substances,  chlorine  and  sodium,  and 
must  therefore  be  styled,  as  it  now  is,  sodium  chloride,  and  represented 
by  the  formula  NaCl.  It  was  further  shown  by  Davy  that  the  muriatic 
acid  was  really  composed  of  chlorine  and  hydrogen,  and  that  it  was,  in 
fact,  HC1,  or  chloride  of  sodium  (NaCl),  in  which  the  sodium  had  been 
displaced  by  hydrogen. 

Preparation  oj  chlorine. — In  order  to  extract  chlorine  from  common 
salt,  it  is  heated  with  black  oxide  of  manganese  and  diluted  sulphuric 
acid,  when  the  sulphates  of  sodium  and  manganese  are  left  in  solution, 
and  chlorine  escapes  in  the  form  of  gas — 

2NaCl  + Mn02  + 2H2S04  = Na2S04  + MnS04  + 2H,0  + Cl2. 

600  grains  (or  40  grins.)  of  common  salt  may  be  mixed  with  450  grains  (or 
30  grms.)  °f  binoxide  of  manganese,  introduced  into  a retort  (fig.  160),  and  a cold 
mixture  of  iA  oz.  (or  42  c.c.)  by  measure  of  strong  sulphuric  acid  with  4 oz.  (or 
110  c.c.)  of  water  poured  upon  it.  The  retort  having  been  well  shaken,  to  wet 
the  powder  thoroughly  with  the  acid,  a very  gentle  heat  is  applied,  and  the  gas 
collected  in  bottles  filled  with  water  and  inverted  in  the  pneumatic  trough. 
When  the  bottles  are  filled,  the  stoppers,  previously  greased,  must  be  inserted 
into  them  under  water.  The  first  bottle  or  two  will  contain  the  air  from  the 
retort,  and  will  therefore  have  a paler  colour  than  the  pure  chlorine  afterwards 
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collected.  It  is  advisable  to  keep  a jar  filled  with  water  standing  ready  on  the 
shelf  of  the  trough,  so  that  any  excess  of  chlorine  may  be  passed  into  it  instead 
of  being  allowed  to  escape  into  the  air,  causing  serious  inconvenience.  The 


Fig.  160. — Preparation  of  chlorine. 


bottles  of  moist  chlorine  must  always  be  preserved  in  the  dark.  Chlorine  may 
also  be  conveniently  prepared  by  gently  heating  500  grains  (or  30  grms.)  of  bin- 
oxide  of  manganese  with  4 oz.  (or  no  c.c.)  (measured)  of  common  hydrochloric 
acid  ; MnO,,  + 4HCI  = MnCL  + 2H20  + Cl2.  Either  of  the  above  methods  will  furnish 
about  five  pints  (or  2800  c.c.)  of  chlorine.  If  chlorine  be  required  free  from  HC1, 
it  may  be  passed  through  a strong  solution  of  copper  sulphate — 

CuS04  + 2HCI  = CuCL  + H2S04. 

In  Weldon’s  process  for  the  manufacture  of  chlorine,  the  manganese  is  made  to 
act  as  a carrier  of  oxygen  from  the  atmosphere  to  the  hydrogen  of  the  hydro- 
chloric acid,  setting  the  chlorine  free.  For  this  purpose  the  chloride  of  man- 
ganese obtained  in  the  above  process  is  decomposed  by  lime ; MnCL,  + CaO  = 
CaCl.,  + MnO.  By  mixing  the  MnO  with  more  lime,  and  blowing  atmospheric  an 
through  the  mixture,  MnO„  is  reproduced,  and  may  be  employed  for  decomposing 
a fresh  quantity  of  HC1.  In  Deacon's  process,  a mixture  of  air  and  hydrochloric 
acid  gas  is  passed  over  heated  fire-brick  which  has  been  soaked  in  solution  of 
copper  sulphate  and  sodium  sulphate,  and  dried.  The  final  result  is  expressed  by 
the  equation  2HC1  + (N4  + 0)  = H,P  + Cla  + N4,  so  that  the  chlorine  obtained  is 
mixed  with  twice  its  volume  of  nitrogen,  which  is . stated,  however,  not  to  inter- 
fere seriously  with  its  useful  application.  The  action  of  the  copper-salt  has  not 
been  clearly  explained,  but  it  appears  to  depend  1131011  the  instability  ot  the 
chlorides  of  copper  under  the  influence  of  heat  and  oxygen. 

Properties  of  chlorine. — The  physical  and  chemical  properties  of 
chlorine  are  more  striking  than  those  of  any  element  hitherto  con- 
sidered. Its  colour,  whence  it  derives  its  name  (yXwpde,  pale  green),  is 
bright  greenish-yellow,  its  odour  insupportable.  It 
is  twice  and  a half  as  heavy  as  air  (sp.  gr.  2.47), 
and  may  be  reduced  to  the  liquid  state  by  cooling  it 
to  _ 240  C.,  or  by  a pressure  of  8.5  atmospheres  at 
1 20. 5 0.  If  a 'bottle  of  chlorine  be  held  mouth 
downwards  in  water,  its  stopper  remov  ed,  one- 


third  of  the  chlorine  decanted  into  a jar,  and  the 
rest  of  the  gas  shaken  with  the  water  in  the 
bottle,  the  mouth  of  which  is  closed  by  the  palm 
of  the  hand  (fig.  161),  the  water  will  absorb  nearly 
twice  its  volume  of  chlorine,  producing  a partial  vacuum  in  the 
bottle  which  will  be  held  firmly  against  the  hand  by  atmospheric 
pressure.  If  air  be  then  allowed  to  enter,  and  the  bottle  again  shaken 
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as  long  as  any  absorption  takes  place,  a saturated  solution  of  chlorine 
( liquor  chlori,  chlorine  icater)  will  be  obtained.  By  exposing  this  yellow 
solution  to  a temperature  approaching  320  F.,  yellow  crystals  of  hydrate 
of  chlorine*  (C1.5lT20)  are  obtained,  the  liquid  becoming  colourless. 

When  the  water  in  the  pneumatic  trough,  over  which  chlorine  is  being  col- 
lected, happens  to  be  very  cold,  the  gas  is  often  so  foggy  as  to  be  quite  opaque, 
in  consequence  of  the  deposition  of  minute  crystals  of  the  hydrate.  On  stand- 
ing, the  gas  becomes  clear,  crystals  of  the  hydrate  being  deposited  like  hoar-frost 
upon  the  sides  of  the  bottle  ; the  gas  also  becomes  clear  when  the  bottles  are 
slightly  warmed. 

The  hydrate  of  chlorine  affords  a convenient  source  of  liquid  chlorine.  A 
number  of  bottles  of  saturated  solution  of  chlorine,  prepared  as  above,  are  ex- 
posed on  a cold  winter’s  day  until  the  hydrate  has  crystallised.  The  crystals  arc 
thrown  upon  a filter  cooled  to  nearly  32°,  allowed  to  drain,  and  rammed  into  a 
pretty  strong  tube  closed  at  one  end,  about  12  inches  long,  and  A an  inch  in 
diameter,  previously  cooled  in  ice  or  snow.  The  tube,  having  been  nearly  filled 
with  the  crystals,  is  kept  surrounded  with  snow,  whilst  its  upper  end  is  gradually 
softened  in  the  blowpipe  flame  and  drawn  off  so  as  to  be  strongly  sealed.  When 
this  tube  is  immersed  in  water  at  ioo°  F.  (38°  C.),  the  chlorine  separates  from  the 
water,  and  two  layers  of  liquid  are  formed,  the  lower  one  consisting  of  amber- 
yellow  liquid  chlorine  (sp.  gr.  1.33),  and  the  upper  of  a pale  yellow  aqueous 
solution  of  chlorine.  On  allowing  the  tube  to  cool  again,  the  crystalline  hydrate 
is  reproduced,  even  at  common  temperatures,  being  more  permanent  under 
pressure.  It  may  even  be  sublimed  in  a sealed  tube. 

Liquid  chlorine  may  also  be  obtained  in  a state  in  which  it  can  be  preserved, 
by  disengaging  the  chlorine  in  a sealed  tube  (as  in  the  liquefaction  of  ammonia) 
from  about  200  grains  of  platinic  chloride  previously  dried  at  400°  F.  The 
chloride  is  heated  with  a spirit-lamp  in  one  limb  of  the  tube,  whilst  the  other  is 
immersed  in  a freezing  mixture.  The  face  and  hands  of  the  operator  should  be 
protected  against  the  bursting  of  the  tube. 

The  most  characteristic  chemical  feature  of  chlorine  is  its  powerful 
attraction  for  many  other  elements  at  the  ordinary  temperature. 
Among  the  non-metals,  hydrogen,  bromine,  iodine,  sulphur,  selenium, 
phosphorus,  and  arsenic  combine  spontaneously  with  chlorine,  and 
nearly  all  the  metals  behave  in  the  same  way.f 


Fig.  162.  pig.  x63.  Fig.  16.) . 

If  a piece  of  dry  phosphorus  be  placed  in  a deflagrating  spoon,  and  immersed 

5 According  to  the  modern  definition,  this  is  not  a hydrate  but  a combination  with  ivater, 
or  equate. 

t i'ho  remarkable  observation  has  beeu  made  that  sodium  may  be  fused  in  absolute/// 
dry  chlorine  gas  without  alteration,  while  in  ordinary  chlorine  violent  combustion  occurs. 
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in  a bottle  of  chlorine  (fig.  162),  it  will  take  fire  spontaneously,  combining  with 
the  chlorine  to  form  phosphorous  chloride  (PC13).  A tall  glass  shade  may  be 
placed  over  the  bottle,  which  should  stand  in  a plate  containing  water,  so  that 
the  fumes  may  not  escape  into  the  air. 

If  phosphorus  be  placed  in  a bottle  of  oxygen  to  which  a small  quantity  of 
chlorine  has  been  added,  it  will  burst  out  after  a minute  or  two  into  most  brilliant 
combustion. 

Powdered  antimony  (the  metal,  not  the  sulphide),  sprinkled  into  a bottle  of 
chlorine  (fig.  163),  descends  in  a brilliant  shower  of  white  sparks,  the  antimony 
burning  in  the  chlorine  to  form  antimonious  chloride  (SbCl3).  A little  water 
should  be  placed  at  the  bottom  of  the  bottle  to  prevent  it  from  being  cracked, 
and  the  fumes  should  be  restrained  by  a shade  standing  in  water. 

If  a flask,  provided  with  a stopcock  (fig.  164),  be  filled  with  leaves  of  Dutch 
metal  (an  alloy  of  copper  and  zinc  resembling  gold  leaf),  exhausted  of  air,  and 
screwed  on  to  a capped  jar  of  chlorine  standing  over  wTater,  it  will  be  found,  on 
opening  the  stopcocks  so  that  the  chlorine  may  enter  the  flask,  that  the  metal 
burns  with  a red  light,  forming  thick  yellow  fumes  containing  cupric  chloride 
(CuCL)  and  zinc  chloride  (ZnCL).  If  a gold  leaf  be  suspended  in  chlorine,  it  will 
not  be  immediately  attacked,  but  will  gradually  become  converted  into  auric 
chloride  (AuC13). 

102.  The  most  important  useful  applications  of  chlorine  depend  upon 
its  powerful  chemical  attraction  for  hydrogen.  The  two  gases  may  be 
mixed  without  combining,  if  kept  in  the  dark ; hut  when  the  mixture 
is  exposed  to  light,  they  combine  to  form  hydrochloric  acid  gas  (HC1), 
with  a rapidity  proportionate  to  the  intensity  of  the  actinic  rays  (or 
rays  capable  of  inducing  chemical  change)  in  the  light  employed.  Ex- 
posed to  gas-light  or  ordinary  diffused  daylight,  the  hydrogen  and 
chlorine  combine  slowly ; but  direct  sunlight  causes  sudden  combina- 
tion, attended  with  explosion,  resulting  from  the  expansion  which  the 
hydrochloric  acid  formed  suffers  by  the  heat  evolved  in  the  act  of  com- 
bination. The  light  of  magnesium  burning  in  air,  and  some  other 
artificial  lights,  also  cause  sudden  combination. 

Two  pint  gas-bottles  should  be  ground  so  that  their  mouths  may  be  fitted 
accurately  to  each  other,  and  filled  respectively  with  dry  hydrogen  and  dry 
chlorine,  both  gases  having  been  dried  by  passing  through  oil  of  vitriol,  and 
collected,  the  hydrogen  by  upward,  and  the  chlorine  by  downward,  displacement 
of  air.  The  mouths  should  be  slightly  greased  before  the  bottles  are  filled  w ith 
gas,  and  afterwards  closed  with  glass  plates.  On  placing  the  bottles  together, 
and  removing  the  plates  so  that  the  gases  may  come  in  contact  (see  fig.  146),  the 
yellow  colour  of  the  chlorine  will  be  permanent  as  long  as  the  mixture  is  kept  m 
the  dark,  but  on  exposure  to  daylight  the  colour  will  gradually  disappear,  the 
hydrochloric  acid  gas  being  colourless.  If  the  bottles  be  now  closed  with  glass 


tinged  with  blue  litmus,  it  will  be  strongly  reddened  as  it  enters  the  bottles. 

The  sudden  union  of  the  gases  with  explosion  may  be  safely  exhibited  111  a 
Florence  flask.  The  flask  is  filled  with  water,  which  is  then  poured  out  into  a 


plates,  the  small  quantity  of  gas 
which  escapes  during  the  operation 
will  be  seen  to  fume  strongly  in  ah, 
a property  not  possessed  either  by 
hydrogen  or  chlorine ; and  when 
the  necks  of  the  bottles  are  im- 
mersed in  water,  and  the  glass 
plates  withdrawn,  the  w-ater  will 
gradually  absorb  the  gas,  and  be 
forced  into  the  bottles  so  as  to  fill 
them,  with  the  exception  of  a small 
space  occupied  by  the  air  acci- 
dentally admitted,  showing  that 
the  hydrochloric  acid  gas  possesses 
the  joint  volumes  of  the  hydrogen 
and  chlorine.  If  the  water  be 
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measure.  Exactly  half  the  water  is  returned  to  the  flask,  and  its  level  in  the  latter 
carefully  marked  with  a diamond  or  file.-  The  flask,  having  been  again  filled  with 
water,  is  closed  with  the  thumb  and  inverted  in  the  pneumatic  trough,  so  that 
hydrogen  may  be  passed  up  into  it  to  displace  one-half  of  the  water.  A short- 
necked funnel  is  then  inserted,  under  the  water,  into  the  neck  of  the  flask,  and 
chlorine  rapidly  decanted  up  from  a gas-bottle  (fig.  165)  until  the  rest  of  the 
water  has  been  displaced.  The  flask  is  now  raised  from  the  water  and  quickly 
closed  with  a cork  (fig.  166),  through  which  pass  two  gutta-percha-covered  copper 
wires,  the  ends  of  which  have  been  stripped  and  brought  sufficiently  near  to  each 
other  to  allow  of  the  passage  of 
the  electric  spark  within  the 
flask.  The  ends  external  to  the 
flask  are  also  stripped  and  bent 
into  hooks,  for  convenient  con- 
nexion with  the  conducting 
wires.  The  flask  is  placed  upon 
the  ground,  and  covered  with  a 
wooden  box  to  prevent  the  pieces 
from  flying  about.  On  connect- 
ing the  copper  wires  with  the 
conducting  wires  from  an  induc- 
tion-coil or  an  electrical  machine, 
it  will  be  heard,  on  passing  the 
spark,  that  the  mixture  has  vio-  Eig.  166. 

lently  exploded;  on  raising  the 

box,  it  will  be  found  filled  with  strong  fumes  of  hydrochloric  acid,  and  a heap  of 
small  fragments  of  glass  will  represent  the  flask. 

A flask  filled  in  the  same  way  with  the  mixture  of  hydrogen  and  chlorine  may 
be  attached  to  the  end  of  a long  stick,  and  thrust  out  into  the  sunlight,  when  it 
explodes  with  great  violence. 

To  illustrate  the  direct  combination  of  hydrogen  and  chlorine  under  the  in- 
fluence of  artificial  light,  a strong  half-pint  gas  cylinder  is  half  filled  with 
hydrogen,  over  water,  then  filled  up  quickly  with  chlorine,  also  over  water,  closed 
with  a thin  plate  of  mica,  placed  mouth  upwards  on  the  table,  and  a piece  Of 
burning  magnesium  tape  held  close  to  the  side  of  the  cylinder ; the  lightness  of 
the  mica  plate  obviates  any  danger. 

Tlie  attraction  of  chlorine  for  hydrogen  enables  it  to  effect  the  de- 
composition of  water.  The  solution  of  chlorine  in  water  may  be  pre- 


Fig.  167. — Steam  decomposed  by  chlorine. 


served  in  the  dark  without  change ; but  when  exposed  to  light,  it  loses 
the  smell  of  chlorine  and  becomes  converted  into  weak  liydi'ochloric 
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acid,  the  oxygen  being  liberated ; H20  + Cl2  = 2HCI  + 0.*  The  decom- 
position takes  place  much  more  quickly  at  a red  heat,  so  that  oxygen  is 
obtained  in  abundance  by  passing  a mixture  of. chlorine  and  steam 
through  a red-hot  tube. 

For  this  experiment  a porcelain  tube  is  employed,  which  is  loosely  filled  with 
fragments  of  broken  porcelain,  to  expose  a large  heated  surface.  This  tube  is 
gradually  heated  to  redness  in  a charcoal  furnace  (fig.  167).  One  end  of  it  re- 
ceives the  mixture  of  chlorine  with  steam,  obtained  by  passing  the  chlorine 
evolved  from  hydrochloric  acid  and  manganese  dioxide  in  A,  through  a flask  (B) 
of  boiling  water.  The  other  end  of  the  tube  is  connected  with  a bottle  (C)  con- 
taining solution  of  potash,  to  absorb  any  excess  of  chlorine  and  the  hydrochloric 
acid  formed;  from  this  bottle  the  oxygen  is  collected  over  the  pneumatic 
trough. 

Since  water  is  decomposed  by  chlorine,  it  is  not  surprising  that  most 
other  hydrogen  compounds  are  attacked  by  it.  Ammonia  (IN  H3)  is  acted 
on  with  great  violence.  If  a stream  of  ammonia  gas  issuing  from  a tube 
connected  with  a flask  in  which  solution  of  ammonia  is  heated  (see  fig. 
144)  be  passed  into  a bottle  of  chlorine,  it  takes  fire  immediately,  burn- 
ing with  a peculiar  flame,  and  yielding  thick  white  clouds  of  ammonium 
chloride;  4NH;j  + Cla  = 3K IT(C1  + N.  A piece  of  folded  filter-paper 
dipped  in  strong  ammonia,  and  immersed  in  a bottle  of  chlorine,  will 
exhibit  the  same  effect.  When  the  chlorine  is  allowed  to  act  upon 
ammonium  chloride,  its  operation  is  less  violent,  and  one  of  the  most 
explosive  substances  is  produced,  which  was  formerly  believed  to  be  a 
chloride  of  nitrogen , but  is  probably  a compound  formed  by  the  removal 
of  a part  of  the  hydrogen  from  ammonia,  and  the  introduction  of  chlorine 
in  its  stead. 

Many  of  the  compounds  of  hydrogen  with  carbon  are  also  decomposed 
with  violence  by  chlorine.  When  a piece  of  folded  filter-paper  is  dipped 
into  oil  of  turpentine  (C10H1G),  and  afterwards  into  a bottle  of  chlorine, 
it  bursts  into  a red  flame,  liberating  voluminous  clouds  of  carbon  and 
hydrochloric  acid.  Acetylene  (02IT2)  was  found  to  explode  spontaneously 
with  chlorine  when  exposed  to  light  (page  94).  The  striking  decom- 
position of  olefiant  gas  (C2H4)  by  chlorine  on  the  approach  of  a flame 
has  already  been  noticed  (page  97).  When  a lighted  taper  is  immersed 
in  pure  chlorine,  it  is  extinguished ; but  if  a little  air  be  present,  it 
continues  to  burn  with  a small  red  flame,  the  hydrogen  only  of  the  wax 
combining  with  the  chlorine,  whilst  the  carbon  separates  in  black  smoke, 
mixed  with  the  hydrochloric  fumes.  A mixture  of  chlorine  with  an 
equal  volume  of  oxygen  burns  up  much  of  the  carbon,  with  a very 
pretty  effect.  When  chlorine  is  brought  in  contact  with  the  flame  of  a 
spirit-lamp,  it  renders  the  flame  luminous  by  causing  the  separation  of 
solid  particles  of  carbon  (page  104).  It  has  been  seen,  in  the  case  of 
olefiant  gas,  that  chlorine  sometimes  combines  directly  with  the  hydro- 
carbons. 

When  marsh  gas  (CH4)  is  diluted  with  an  equal  bulk  of  carbon  dioxide 
to  prevent  violent  action,  and  4 volumes  of  chlorine  are  added  for  each 
volume  of  marsh  gas,  an  oily  mixture  is  gradually  formed  under  the 
influence  of  daylight.  This  oily  liquid  is  a mixture  of  chloroform  and 
carbon  tetrachloride,  the  production  of  which  is  explained  by  the  follow- 
ing equations : — 

* A portion  of  this  oxyaren  becomes  hypoclilorotis  acid,  HC10,  and  perchloric  acid, 
IICICL. 
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CII4  + Cl6  = 3HCI  + CHClj  (Chloroform). 

CH,  + Cl8  = 4HCI  + CC14  ( Carbon  tetrachloride). 

It  is  evident  from  these  equations  that  chlorine  is  capable,  not  only  of 
removing  hydrogen  from  a compound,  but  also  of  taking  its  place,  atom 
for  atom — a mode  of  action  which  gives  rise  to  a very  large  number  of 
chlorinated  products  from  organic  substances. 

The  attraction  of  chlorine  for  hydrogen  enables  the  moist  gas  to  act 
as  an  oxidising  agent.  Thus,  if  marsh  gas  and  chlorine  be  mixed  in  the 
presence  of  water,  and  exposed  to  daylight,  the  water  is  decomposed,  its 
hydrogen  combining  with  the  chlorine,  and  its  oxygen  with  the  carbon 
of  the  marsh  gas ; CH4  + 2H„0  + Clg  = CO,  + 8HC1. 

103.  The  powerful  bleaching  effect  of  chlorine  upon  organic  colouring 
matters  is  now  easily  understood.  If  a solution  of  chlorine  in  water  be 
poured  into  solution  of  indigo  ( sulphindigotic  acid),  the  blue  colour  of 
the  indigo  is  discharged,  and  gives  place  to  a comparatively  light  yellow 
colour.  The  presence  of  water  is  essential  to  the  bleaching  of  indigo 
by  chlorine,  the  dry  gas  not  affecting  the  colour  of  dry  indigo.  The 
indigo  is  first  oxidised  at  the  expense  of  the  water  and  converted  into 
isatine,  which  is  then  acted  upon  by  the  chlorine  and  converted  into 
cMorisatine,  having  a brownish-yellow  colour — 

C,(.HlnN.,0.,  (Indigo)  + 2ILO  + Cl4  = 2C8H5NO„  {Isatine)  + 4HCI 

CsH5NO,  {Isatine)  + CL'  = CSH4C1NCL  {Chlorisatine)  + HC1. 

Hearly  all  vegetable  and  animal  colouring  mattei'S  contain  carbon, 
hydrogen,  nitrogen,  and  oxygen,  and  are  converted  by  moist  chlorine 
into  products  of  oxidation  or  chlorination  which  happen  to  be  colour- 
less, or  nearly  so. 


That  dry  chlorine  will  not  bleach  may  be  shown  by  shaking  some  oil  of  vitriol 
in  a bottle  of  the  gas  and  allowing  it  to  stand  for  an 
hour  or  two,  so  that  the  acid  may  remove  the  whole  of 
the  moisture.  If  a piece  of  crimson  paper  be  dried  at  a 
moderate  heat  and  suspended  in  the  bottle  while  warm, 
it  will  remain  unbleached  for  hours  ; but  a similar  piece 
of  paper  suspended  in  a bottle  of  moist  chlorine  will 
be  bleached  almost  immediately.  If  characters  be 
written  on  crimson  paper  with  a wet  brush,  and  the 
paper  placed  in  a jar  beside  a bottle  of  chlorine  (fig. 

168),  it  will  be  found  on  removing  the  stopper  that 
white  characters  soon  make  their  appearance  on  the 
red  ground. 

If  a collection  of  coloured  linen  or  cotton  fabrics,  or 
of  artificial  flowers,  be  exposed  to  the  action  of  moist 
chlorine  gas  or  of  chlorine  water,  those  which  are  dyed 
with  organic  colouring  matters  will  be  bleached  at  once, 
whilst  the  mineral  colours  will  for  the  most  part  remain 
unaltered.  Green  leaves  immersed  in  chlorine  acquire 
a rich  autumnal  brown  tint,  and  are  eventually  bleached.  All  flowers  are  very 
readily  bleached  by  this  gas. 

Chlorine  is  very  extensively  employed  for  bleaching  linen  and  cotton, 
the  gas  acting  upon  the  colouring  matter  without  affecting  the  fibre; 
but  silk  and  wool  present  much  less  resistance  to  chemical  action,  and 
would  be  much  injured  by  chlorine,  so  that  they  are  always  bleached  by 
sulphurous  acid  gas. 

Neither  chlorine  itself  nor  its  solution  in  water  can  be  very  con- 
veniently employed  for  bleaching  on  the  large  scale,  on  account  of  the 
irritating  effect  of  the  gas,  so  that  it  is  usual  to  employ  it  in  the  form 
of  chloride  oj  lime,  from  which  it  can  be  easily  liberated  as  it  is  wanted. 
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DISINFECTING  BY  CHLORINE. 


104.  The  explanation  above  given  of  the  bleaching  effect  of  chlorine 
may  probably  be  applied  also  to  its  so-called  disinfecting  properties. 
The  atmosphere,  in  particular  localities,  is  occasionally  contaminated 
with  poisonous  substances,  some  of  which  are  known  only  by  their 
injurious  effects  upon  the  health,  their  quantity  being  so  small  that  they 
do  not  appear  in  the  results  of  the  analysis  of  such  air.  Since,  however, 
these  substances  appear  to  be  acted  upon  by  the  same  agents  which  are 
usually  found  to  decompose  organic  compounds,  they  are  commonly 
believed  to  be  bodies  of  this  class,  and  chlorine  has  been  very  commonly 
employed  to  combat  these  insidious  enemies  to  health,  since  Guyton  de 
Morveau,  in  the  latter  part  of  the  last  century,  made  use  of  it  to  destroy 
the  odour  arising  from  the  bodies  interred  in  the  vaults  beneath  the 
cathedral  of  Dijon. 

Among  the  offensive  and  unhealthy  products  of  putrefaction  of 
animal  and  vegetable  matter,  sulphuretted  hydrogen,  ammonia,  and 
bodies  similarly  constituted  are  found.  That  chlorine  breaks  up  these 
hydrogen  compounds  is  well  known,  and  hence  its  great  value  for 
removing  the  unwholesome  properties  of  the  air  in  badly  drained 
houses,  &c. 

105.  The  discovery  of  chlorine,  and  the  discussions  which  ensued  with 
respect  to  its  real  nature,  contributed  very  largely  to  the  advancement 
of  chemical  science.  About  the  year  1770,  the  Swedish  chemist  Scheele 
(who  afterwards  discovered  oxygen)  first  obtained  chlorine  by  heating 
manganese  ore  with  muriatic  acid. 

The  construction  which  Scheele  put  upon  the  result  of  this  experiment 
was  one  which  was  consistent  with  the  chemistry  of  that  date.  He  sup- 
posed the  muriatic  acid  to  have  been  deprived  of  phlogiston,  and  hence 
chlorine  was  termed  by  him  deplilogisticated  muriatic  acid.  This  phlo- 
giston had  long  been  a subject  of  contention  among  philosophers,  having 
been  originally  assumed  to  exist  in  combination  with  all  combustible 
bodies,  and  to  be  separated  from  them  during  their  combustion.  To- 
wards the  decline  of  the  phlogistic  theory,  attempts  were  made  to  prove 
the  identity  of  this  imaginary  substance  with  hydrogen,  which  shows 
how  very  nearly  Scheele’s  reasoning  approached  to  the  truth,  even  with 
the  very  imperfect  light  which  he  then  possessed.  Berthollet’s  move- 
ment was  retrograde  when,  ten  years  afterwards,  he  styled  chlorine  oxy- 
genised  muriatic  or  oxymuriatic  acid  ; but  the  experiments  of  Gay-Lussac 
and  Thenard,  and  more  particularly  those  of  Davy  in  18 11,  proved  de- 
cisively that  hydrochloric  acid  was  composed  of  chlorine  and  hydrogen, 
and  that  the  effect  of  the  black  oxide  of  manganese  in  Scheele’s  experi- 
ment was  to  remove  the  hydrogen  in  the  form  of  water,  thus  setting  the 
chlorine  at  liberty. 

Hydrochloric  Acid,  or  Hydric  Chloride. 

1101  = 36.5  parts  by  weight  = 2 volumes. 

106.  This  acid  is  found  in  nature  among  the  gases  emanating  from 
active  volcanoes,  and  occasionally  in  the  spring  and  river  waters  of 
volcanic  districts.  For  use  it  is  always  prepared  artificially  by  the 
action  of  sulphuric  acid  upon  common  salt — 

NaCl  + Ii2S04  = HC1  + NaHS04 

Common  salt  Hydro-sodium  sulphate 
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— the  sodium  of  the  common  salt  changing  places  with  the  hydrogen  of 
the  sulphuric  acid. 


300  grains  (or  20  grms.)  of  common  salt  (previously  dried  in  an  oven)  are  intro- 
duced into  a dry  Florence  flask  (fig.  169),  to  which  has  been  fitted,  by  means  of 
a perforated  cork,  a tube  bent 
twice  at  right  angles,  to  allow 
the  gas  to  be  collected  by  down- 
ward displacement.  Six  fluid 
drachms  (or  30  c.c.)  of  strong 
sulphuric  acid  are  poured  upon 
the  salt,  and,  the  cork  having  been 
inserted,  the  flask  is  very  gently 
heated,  in  order  to  promote  the 
disengagement  of  the  hydrochloric 
acid  gas,  which  is  collected  in  a 
perfectly  dry  bottle,  the  mouth  of 
which,  when  full,  may  be  covered 
with  a glass  plate  smeared  with  a 
little  grease.  While  being  filled, 
the  bottle  may  be  closed  with  a 
perforated  card. 

Common  salt  in  powder  some- 
times froths  to  a very  incou-  Fig  169. — Preparation  of  hydrochloric  acid  gas. 
venient  extent  with  sulphuric 

acid ; it  is  therefore  often  preferable  to  employ  fragments  of  rock  salt  oy  of 
fused  salt,  prepared  by  fusing  the  common  salt  in  a clay  crucible,  and  pouring 


on  to  a clean  dry  stone. 

A very  regular  supply  of  hydrochloric  acid  gas  is  obtained  from  r£  oz.  of  sal 
ammoniac  in  lumps,  and  ij  oz.  (measured)  of  sulphuric  acid. 


The  bottle  will  be  known  to  be  filled  with  gas  by  the  abundant  escape 
of  the  dense  fumes  which  hydrochloric  acid  gas,  itself  transparent,  pro- 
duces by  condensing  the  moisture  of  the  air ; for  since  the  gas  is  much 
heavier  than  air  (sp.  gr.  1.278),  it  will  not  escape  in  any  quantity  from 
the  bottle  until  the  latter  is  full.  The  odour  of  the  gas  is  very  suffo- 
cating, but  not  nearly  so  irritating  as  that  of  chlorine.  The  powerful 
attraction  for  water  is  one  of  the  most  important  properties  of  hydro- 
chloric acid  gas. 


If  a jar  of  hydrochloric  acid  gas  be  closed  with  a glass  plate  and  inverted  under 
water,  it  will  be  found  on  removing  the  plate  that  the  gas  is  absorbed  with  great 
rapidity,  the  water  being  forced  up  into  the  bottle 
by  the  pressure  of  the  external  air  in  proportion 
as  the  gas  is  absorbed. 

A Florence  flask  is  more  convenient  than  a gas- 
bottle  for  this  experiment.  It  must  be  perfectly 
dry,  and  thoroughly  well  filled  with  the  gas,  which 
may  be  allowed  to  escape  abundantly  from  the 
mouth.  The  tube  delivering  the  hydrochloric  acid 
gas  must  be  slowly  withdrawn,  so  that  the  vacancy 
may  be  filled  by  gas,  and  not  by  air.  The  flask 
is  then  closed  with  the  thumb,  and  opened  under 
water,  which  will  enter  it  with  great  violence. 

The  experiment  may  also  be  made  as  in  the  case  of 
ammonia  (fig.  170,  see  page  125). 

Hydrochloric  acid  liquefies  at  - 102°  C.  and 
solidifies  at  - 1160  C. 


The  liquid  hydrochloric,  or  muriatic  acid  of  commerce,  is  a solution 
of  the  gas  in  water,  and  may  be  recognised  by  the  grey  fumes,  with  the 
peculiar  odour  of  the  acid,  which  it  evolves  when  exposed  to  the  air. 
One  pint  of  water  at  a temperature  of  40 0 F.  is  capable  of  absorbing 
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480  pints  of  hydrochloric  acid  gas,  forming  ii  pint  of  the  solution, 
having  the  specific  gravity  1 . 2 1 . The  strength  of  the  acid  purchased 
in  commerce  is  usually  inferred  from  the  specific  gravity,  by  reference 
to  tables  indicating  the  weight  of  hydrochloric  acid  contained  in  solu- 
tions of  different  specific  gravities.  The  strongest  hydrochloric  acid 
(sp.  gr.  1.2 1 ) contains  43  per  cent,  by  weight  of  the  gas.  At  - 18°  C. 
it  deposits  crystals  of  TICl^Aq.  The  common  acid  has  usually  a bright 
yellow  colour,  due  to  the  accidental  presence  of  a little  ferric  chloride 
(Fe„ClG). 

This  acid  is  produced  in  enormous  quantities  in  the  alkali  works, 
where  common  salt  is  decomposed  by  sulphuric  acid  in  order  to  convert 
it  into  sodium  sulphate,  as  a preliminary  step  to  the  production  of 
sodium  carbonate.  The  alkali  manufacturer  is  compelled  to  condense 
the  gas,  for  it  is  found  to  wither  up  the  vegetation  in  the  neighbour- 
hood. For  this  purpose  the  hydrochloric  acid  gas  is  drawn  up  from  the 
furnace  through  vertical  cylinders  filled  with  coke,  over  which  streams 
of  water  are  made  to  trickle.  The  water  absorbs  the  acid,  and  is  drawn 
off  from  below. 

In  preparing  a pure  solution  of  the  acid  for  chemical  use  on  a small  scale,  the 
gas  prepared  as  above  may  be  passed  into  a small  bottle  containing  a very  little 

water,  to  wash  the  gas,  or  remove 
any  sodium  sulphate  which  may 
splash  over,  and  then  into  a bottle 
about  two-thirds  filled  with  distilled 
water,  the  tube  delivering  the  gas 
passing  only  about  T\r  inch  below  the 
surface,  so  that  the  heavy  solution  of 
hydrochloric  acid  may  fall  to  the 
bottom,  and  fresh  water  may  be 
presented  to  the  gas  (fig.  171).  For 
ordinary  use,  an  acid  of  suitable 
strength  is  obtained  by  passing  the 
gas  from  6 ounces  (170  grins.)  of  com- 
mon salt  and  10  ounces  (or  280  c.c.) 
of  sulphuric  acid  into  7 (measured) 
ounces  (or  200  c.c.)  of  water  until  its 
bulk  has  increased  to  8 ounces.  The 
bottle  containing  the  water  should 
be  surrounded  with  cold  water,  since 
the  absorption  of  hydrochloric  acid 
by  water  is  attended  with  evolution  of  heat. 

Pure  solution  of  hydrochloric  acid  is  sometimes  prepared  on  the  large  scale  by 
allowing  concentrated  sulphuric  acid  to  run  into  the  common  hydrochloric  acid, 
when  the  gas  is  evolved,  which  is  washed  and  passed  into  water. 

When  the  concentrated  solution  of  hydrochloric  acid  is  heated  in  a 
retort  it  evolves  abundance  of  hydrochloric  acid  gas,  rendering  it  pro- 
bable that  it  is  not  a true  chemical  compound  of  water  with  the  acid. 
The  evolution  of  gas  ceases  when  the  remaining  liquid  contains  20  per 
cent,  of  acid  (and  has  a sp.  gr.  of  1.10).  If  a weaker  acid  than  this  be 
heated,  it  loses  water  until  it  has  attained  this  strength,  when  it  distils 
unchanged  at  no°  C.* 

The  concentrated  solution  forms  a very  convenient  source  from  which  to  pro- 
cure the  gas.  It  may  be  heated  in  a flask,  and  the  gas  dried  by  passing  through 
a bottle  filled  with  fragments  of  pumice-stone  wetted  with  concentrated  sulphuric 
acid,  being  collected  over  the  mercurial  trough  (fig.  172). 

* The  proportion  of  acid  thus  retained  by  the  water  varies  directly  with  the  atmo- 
spheric pressure  to  which  it  is  exposed  during  the  distillation. 


Fig.  171. — Preparation  of  solution  of 
hydrochloric  acid. 
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The  avidity  with  which  water  absorbs  hydrochloric  acid  is  the  more 
remarkable,  because  this  gas  can.  be  liquefied  only  under  a very  high 


Pig.  172. 

pressure,  amounting  at  the  ordinary  temperature  to  about  40  atmo- 
spheres. 

The  liquefied  hydrochloric  acid  has  comparatively  little  action  even 
upon  those  metals  which  decompose  its  aqueous  solution  with  great 
violence ; quicklime  is  unaffected  by  it,  and  solid  litmus  dissolves  in  it 
with  a faint  purple  colour,  instead  of  the  bright  red  imparted  by  the 
aqueous  hydrochloric  acid.  Dry  hydrochloric  acid  gas  is  not  absorbed 
by  calcium  carbonate. 

The  injurious  action  of  hydrochloric  acid  gas  upon  growing  plants  is 
probably  connected  with  its  attraction  for  water.  If  a spray  of  fresh 
leaves  is  placed  in  a bottle ' of  hydrochloric  acid,  it  becomes  at  once 
brown  and  shrivelled. 

107.  Action  of  hydrochloric  acid  upon  metals. — Those  metals  which 
have  the  strongest  attraction  for  oxygen  will  also  generally  have  the 
strongest  attraction  for  chlorine,  so  that  in  respect  to  their  capability  of 
decomposing  hydrochloric  acid,  they  may  be  ranked  in  pretty  nearly  the 
same  order  as  in  their  action  upon  water  (p.  13).  Since,  however,  the 
attraction  of  chlorine  for  the  metals  is  generally  superior  to  that  of 
oxygen,  the  metals  are  more  easily  acted  upon  by  hydrochloric  acid  than 
by  water,  the  metal  taking  the  place  of  the  hydrogen,  and  a chloride  of 
the  metal  being  formed. 

Even  silver,  which  does  not  decompose  water  at  any  temperature,  is 
dissolved,  though  very  slowly,  by  boiling  concentrated  hydrochloric  acid, 
the  chloride  of  silver  formed  being  soluble  in  the  strong  acid,  though  it 
may  be  precipitated  by  adding  water. 

Gold  and  platinum,  however,  are  not  attacked  by  hydrochloric 
acid ; but  if  a little  free  chlorine  be  present,  it  converts  them  into 
chlorides. 

Iron  and  zinc  decompose  the  acid  very  rapidly  in  the  cold,  forming  fer- 
rous chloride  and  zinc  chloride,  and  liberating  hydrogen  : Fe  + 2HCI  = 
FeCl2  + H2. 

When  potassium  or  sodium  is  exposed  to  hydrochloric  acid  gas,  it 
immediately  becomes  coated  with  a white  crust  of  chloride,  which  partly 
protects  the  metal  from  the  action  of  the  gas ; but  when  these  metals 
are  heated  to  fusion  in  hydrochloric  acid  gas,  they  burn  vividly ; 
Na  + IICl  = NaCl  + H. 
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The  composition  of  hydrochloric  acid  may  he  exhibited  by  confining  a 
measured  volume  of  the  gas  over  mercury  (see  fig.  82,  p.  86),  and  pass- 
ing up  a freshly  cut  pellet  of  sodium.  On  gently 
agitating  the  tube,  the  gas  diminishes  in  volume, 
and  after  a time  will  have  contracted  to  one-half, 
and  will  be  found  to  have  all  the  properties  of 
hydrogen.  This  result  confirms  that  obtained  by 
synthesis,  as  described  above,  that  2 volumes  of 
hydrochloric  acid  contain  1 volume  of  hydrogen  and 
1 volume  of  chlorine. 

The  electrolysis  of  hydrochloric  acid  is  exhibited  in  the 
V-tube  represented  in  fig.  173,  where  the  platinum  plate  p 
in  the  closed  limb  o is  connected  with  a platinum  wire 
sealed  into  the  glass ; the  other  limb  h is  open.  If  the 
closed  limb  be  entirely  filled  with  strong  hydrochloric  acid, 
and  connected  with  the  negative  pole  of  a battery  composed 
of  five  or  six  Grove’s  or  Bunsen’s  cells,  the  positive  pole 
being  connected  with  h,  hydrogen  will  rapidly  collect  in 
the  closed  limb,  whilst  the  odour  of  chlorine  will  be  per- 
ceived in  the  open  limb.  As  soon  as  the  liquid  fills  the 
Fig.  173.  open  limb,  the  wire  h is  withdrawn,  this  limb  closed  with 

the  thumb,  and  the  hydrogen  transferred  to  it  by  inclining 
the  tube.  After  testing  the  hydrogen  with  a match,  the  poles  of  the  battery  may 
be  reversed,  when  the  chlorine  will  collect  as  gas  in  the  closed  limb,  as  soon  as 
the  hydrochloric  acid  has  become  saturated  with  it. 

108.  Action  of  hydrochloric  acicl  upon  metallic  oxides. — As  a general 
rule,  it  may  be  stated  that,  when  hydrochloric  acid  acts  upon  the 
oxide  of  a metal,  the  results  are  water  and  a chloride  of  the  metal,  in 
which  each  atom  of  oxygen  in  the  oxide  has  been  displaced  by  2 atoms 
of  chlorine. 

Thus,  silver  oxide  acted  on  by  hydrochloric  acid  gas  gives  water  and 
silver  chloride ; Ag20  + 2ITCI  = TI20  + 2 AgCl. 

Suboxide  of  copper  (cuprous  oxide)  yields  water  and  subchloride  of 
copper  (cuprous  chloride);  Cu20  + 2HCI  = H„0  + Cu2Cl2. 

Ferric  oxide  gives  water  and  ferric  chloride;  Feo03+6HCl  = 
3H.p  + Fe,Cl6. 

With  stannic  oxide,  water  and  stannic  chloride  are  obtained; 
Sn02  + 4HCI  = 2H20  + SnCl4. 

Antimonious  oxide  is  converted  into  water  and  antimonious  chloride  ; 
Sb203  + 6HC1  = 3H20  + 2SbCl3. 

109.  In  cases  where  the  corresponding  chloride  does  not  exist,  or  is 
not  stable  under  the  conditions  of  the  experiment,  a chloride  is  formed 
containing  less  chlorine  than  is  equivalent  to  the  oxygen  in  the  oxide, 
and  the  balance  is  evolved  in  the  free  state.  Thus,  when  manganese 
sesquioxide  and  dioxide  are  heated  with  hydrochloric  acid — 

Mn,Oa  + 6IIC1  ;=  3H..0  + 2MuC12  + Cl.,; 

MnOa  + 4HCI  = 2H20  + MnCL,  + CL. 

Chromic  anhydride,  a chloride  corresponding  to  which  is  not  known 
to  exist,  when  heated  with  hydrochloric  acid,  yields  chromic  chloride 
and  chlorine ; 2Cr03  + 1 2HCI  = 6IT20  + Cr2ClG  + Cl6. 

Most  metallic  oxides  containing  x atom  of  oxygen  have  a correspond- 
ing chloride  of  a stable  character,  but  the  higher  oxides  less  frequently 
form  corresponding  chlorides  endowed  with  any  stability.  Basic  oxides 
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rarely  evolve  chlorine  from  hydrochloric  acid.  When  an  oxide  gives  off 
chlorine  on  boiling  with  hydrochloric  acid  it  is  probably  a peroxide  or 
an  acid  oxide. 


Compounds  of  Chlorine  with  Oxygen. 

no.  It  is  worthy  of  notice,  that  whilst  chlorine  and  hydrogen  so 
readily  unite,  there  is  no  method  by  which  chlorine  can  be  made  to 
combine  in  a direct  manner  with  oxygen,  the  compounds  of  these 
elements  having  been  hitherto  obtained  only  by  indirect  processes.  An 
excellent  illustration  is  thus  afforded  of  the  fact,  that  the  more  closely 
substances  resemble  each  other  in  their  chemical  relations,  the  less  will 
be  their  tendency  to  combine ; for  chlorine  and  oxygen  are  both  highly 
electro-negative  bodies,  and  therefore,  having  both  a powerful  attrac- 
tion for  the  electro-positive  hydrogen,  their  attraction  for  each  other  is 
of  a very  low  order. 

Two  oxides  of  chlorine  are  known,  C1,0  and  CIO,. 
hi.  Hypochlorous  anhydride , or  chlorous  oxide  (01,0),  is  of  some 
practical  interest  in  connexion  with  chloride  of  lime,  chloride  of  soda, 
and  other  bleaching  compounds.  It  is  prepared  by  passing  thy  chlorine 
gas  over  dry  precipitated  mercuric  oxide,  and  condensing  the  product 
in  a tube  surrounded  with  a mixture  of  ice  and  salt : IIo-O  + Cl  = 
HgCl,  + C1„0.  & 

The  hypochlorous  anhydride  is  thus  obtained  as  a deep  red  liquid, 
which  boils  at  19  C.  (66°  F.),  evolving  a yellow  vapour  twice  as  heavy 
as  air,  and  having  a very  powerful  and  peculiar  odour.  This  vapour  is 
remarkably  explosive,  the  heat  of  the  hand  having  been  known  to 
cause  its  separation  into  its  constituents,  when  2 volumes  of  the  vapour 
yield  2 volumes  of  chlorine  and  1 volume  of  oxygen.  As  might  be 
expected,  most  substances  which  have  any  attraction  for  oxygen  or 
chloiine  will  decompose  the  gas,  sometimes  with  explosive  violence. 
Even  hy di  ochloric  acid  decomposes  it : 1 volume  of  chlorous  oxide  is 
entiiely  decomposed  by  2 volumes  of  hydrochloric  acid,  yielding  water 
and  chlorine ; Glfi  + 2 HC1  = H20  + Cl4.  Chlorous  oxide  is  a powerful 
eaching  agent,  both  its  chlorine  and  oxygen  acting  upon  the  colouring 
matter  in  the  manner  explained  at  page  153. 

Hypochlorous  anhydride  is  absorbed  in  large  quantity  by  water  ; the 
solution  is  supposed  to  contain  hypochlorous  acid,  HC10,  for  H„0  + Cl.,0 
-HC10;  but  HC10  has  not  been  obtained  in  the  separate  state. 
Ihe  solution  may  be  very  readily  prepared  by  shaking  mercuric  oxide 
with  water  m a bottle  of  chlorine  as  long  as  the  gas  is  absorbed. 

le  greatei  part  of  the  mercuric  chloride  which  is  produced  combines 
wit  1 the  excess  of  oxide  to  form  a brown  insoluble  oxychloride,  whilst 
m}6-  hyPochlorous  acid  ancl  ^ little  mercuric  chloride  remain  in  solution. 
This  solution  is  a most  powerful  oxidising  and  bleaching  agent ; it 
eiases  writing  ink  immediately,  and  does  not  corrode  the  paper  if  it 
>e  carefully  washed.  Printing  ink,  which  contains  lamp  black  and 
giease,  is  not  bleached  by  hypochlorous  acid,  so  that  this  solution  is 
very  useful  for  removing  ink  stains  from  books,  engravings,  &c. 

Ihe  action  of  some  metals  and  their  oxides  upon  solution  of  hypo- 
chlorous acid  is  instructive.  Iron  seizes  upon  the  oxygen,  whilst  the 
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chlorine  is  liberated ; copper  takes  both  the  oxygen  and  chlorine ; 
whilst  silver  combines  with  the  chlorine,  and  liberates  oxygen.  Mer- 
cury yields,  on  shaking,  the  brown  mercuric  oxychloride.  This  dis- 
tinguishes solution  of  PICK)  from  chlorine  water.  Oxide  of  lead 
(PbO)  removes  the  oxygen,  becoming  peroxide  of  lead  (Pb02),  and 
liberating  chlorine,  but  oxide  of  silver  converts  the  chlorine  into 
chloride  of  silver,  and  liberates  the  oxygen  ; Ag20  + C120  = 2AgCl  + 02. 

PTypochlorous  acid  is  formed  when  a weak  solution  of  hydric  per- 
oxide is  added  to  a large  excess  of  chlorine  water  ; Cl2  + PI202  = 2HCIO. 
With  an  excess  of  the  peroxide,  PICIO  + PIo0„  = HC1  + IP.,0  + 0.,. 

The  salts  of  hypochlorous  acid,  or  hypochlorites,  are  not  known  in  a 
pure  state,  but  are  obtained  in  solution  by  neutralising  hypochlorous 
acid  with  bases.*  They  are  decomposed  even  by  carbonic  acid,  with 
liberation  of  hypochlorous  acid. 

When  the  solution  of  a hypochlorite  is  boiled,  it  becomes  converted 
into  a mixture  of  chloride  and  chlorate ; 3KCIO  — KC103  + 2KCI.  This 
change  is  turned  to  practical  account  in  the  manufacture  of  potassium 
chlorate.  It  is  much  hindered  by  the  presence  of  an  excess  of  alkali. 
The  solution  of  hypochlorous  acid  itself,  when  exposed  to  light,  is  decom- 
posed into  chloric  acid  and  free  chlorine ; 5HCIO  = HC103  4-  2pf20  + Cl4. 

A solution  of  hypochlorous  acid  may  be  obtained  by  adding  boric  acid 
in  excess  to  a solution  of  chloride  of  lime. 

1 12.  Chloride  of  lime,  or  bleaching  powder , or  calx  chlorcita,  is  prepared 
by  passing  chlorine  gas  into  boxes  of  lead  or  stone  in  which  a quantity 
of  moist  slaked  lime  is  spread  out  upon  shelves.  The  temperature  is 
not  allowed  to  rise  above  250  C.  (770  F.),  which  is  ensured  by  acting 
upon  the  fresh  lime  with  chlorine  diluted  by  air.  The  lime  absorbs 
nearly  half  its  weight  of  chlorine,  and  forms  a white  powder,  which  has 
a very  peculiar  smell,  somewhat  different  from  that  of  chlorine. 

The  formula  of  chloride  of  lime  is  generally  written  CaCl.OCl. 

The  constitution  of  chloride  of  lime  appears  doubtful.  When  the  calcium 
hydrate,  Ca(HO).,,  is  acted  on  by  chlorine,  the  simplest  reaction  would  be 
Ca(H0)2+  Cl2=  CaCl(ClO)  + Ha0,  according  to  which  the  chloride  of  lime  would 
result  from  the  replacement  of  one  • of  the  HO  groups  by  Cl,  and  the  removal  of 
the  H of  the  other  as  H20,  this  atom  of  H being  then  replaced  by  Cl ; but  this 
would  require  the  calcium  hydrate  to  absorb  nearly  an  equal  weight  of  chlorine, 
whereas  the  amount  never  exceeds  half  this  quantity. 

According  to  another  view,  the  chloride  of  lime  is  a mixture  of  calcium  hypo- 
chlorite, Ca(C10).„  with  calcium  oxychloride,  Ca302Cl„  produced  by  the  reaction 
4Ca(H0)2  + Cl4  = Ca(C10)2+Ca302Cl2  + 4H,0,  which  would  require  the  absorption  of 
nearly  half  its  weight  of  chlorine  by  the  calcium  hydrate.  A more  recent  theory 
regards  the  chloride  of  lime  as  containing  calcium  chloride,  together  with  the 
compound  CaHC102,  resulting  from  the  substitution  of  Cl  for  H in  CaH„02 ; but 
since  calcium  chloride  absorbs  water  and  becomes  wet  on  exposure  to  air,  whilst 
o-ood  chloride  of  lime  remains  dry,  it  is  difficult  to  admit  the  correctness  of  this 
view.  The  analyses  which  support  this  theory  would  also  agree  equally  well  with 
the  formula  Ca3(OH)2(OCl)„Cl,,  which  would  explain  the  tendency  of  chloride  of 
lime  to  yield,  among  the  products  of  its  decomposition,  calcium  chloride,  OaCL, 
calcium  hypochlorite,  Ca(0Cl)2  and  calcium  hydrate,  Ca(0H)„. 

Practically,  the  constitution  of  chloride  of  lime  itself  is  of  less  importance  than 
that  of  the  solution  obtained  by  treating  it  with  water,  which  is  generally 
admitted  to  contain  calcium  hypochlorite,  Ca(C10)2,  and  calcium  chloride,  OaOI2, 
with  some  calcium  hydrate,  Ca(H0)2,  of  which  a large  quantity  is  left  m the 
undissolved  residue. 

* Calcium  hypochlorite  has  been  obtained  in  crystals  of  the  formula  Ca(C10)2.4lI20  by 
evaporating  solution  of  chloride  of  lime  in  vncuo  over  sulphuric  acid  and  potash.  itu> 
hypochlorites  of  lanthaniura  and  didyraiuni  have  also  been  ciystallised. 
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Taking  each  of  the  three  views  above  mentioned,  the  action  of  water  upon 
chloride  of  lime  would  be  represented  by  one  of  the  following  equations : 

( 1 ) 2CaCl(C10)  = CaCl2  + Ca(ClO)., ; 

(2)  Ca(C10b  + Ca/LCL  + 2H„0  = Ca(ClO).,  + CaCL,  + 2Ca(H0)„ ; 

(3)  2CaHC10.,  + CaCL,  = Ca(C10 ).,  + CaCL  + Ca(HO),. 

If  tlie  solution  of  chloride  of  lime  be  added  to  blue  litmus,  it  will  be 
found  to  exert  little  bleaching  action ; but  on  adding  a little  acid  (sul- 
phuric, for  example),  the  blue  colour  will  be  discharged,  the  acid  setting 
free  the  chlorine,  which  acts  upon  the  colouring  matter — 

Ca(ClO),  + CaCL  + 2H2S04  = 2CaS04  + 2H..0  + Cl4. 

Solution  of  chloride  of  lime. 

Even  carbonic  acid  will  develop  the  bleaching  property  of  chloride  of 
lime,  so  that  the  above  mixture  may  be  decolorised  by  breathing  into  it 
through  a glass  tube. 

When  chloride  of  lime  is  used  for  bleaching  on  the  large  scale,  the 
stuff  to  be  bleached  is  first  thoroughly  cleansed  from  any  grease  or 
weaver's  dressing,  by  boiling  it  in  lime-water  and  in  a weak  solution  of 
soda,  and  is  then  immersed  in  a weak  solution  of  the  chloride  of  lime. 
This,  by  itself,  however,  exerts  very  little  action  upon  the  natural 
colouring  matter  of  the  fibre,  and  the  stuff  is  therefore  next  immersed 
in  very  dilute  sulphuric  acid,  when  the  colouring  matter  is  so  far  altered 
as  to  become  soluble  in  the  alkaline  solution  in  which  it  is  next  immersed, 
and  a repetition  of  these  processes,  followed  up  by  a thorough  rinsing, 
generally  perfects  the  bleaching. 

The  property  possessed  by  acids  of  liberating  chlorine  from  the  chloride 
of  lime  is  applied,  in  calico-printing,  to  the  production  of  white  patterns 
upon  a red  ground.  The  stuff  having  been  dyed  with  Turkey  red,  the 
pattern  is  imprinted  upon  it  with  a discharge  consisting  of  an  acid 
(tartaric,  phosphoric,  or  arsenic)  thickened  with  gum.  On  passing  the 
fabric  through  a bath  of  weak  chloride  of  lime,  the  colour  is  discharged 
only  at  those  parts  to  which  the  acid  has  been  applied,  and  where, 
consequently,  chlorine  is  liberated. 

Chloride  of  lime  is  one  of  the  most  convenient  forms  in  which  to 
apply  chlorine  for  the  purposes  of  fumigating  and  disinfecting.  If  a 
cloth  saturated  with  the  solution  be  suspended  in  the  air,  the  carbonic 
acid  gas  in  the  latter  causes  a slow  evolution  of  hypoclilorous  acid,  which 
is  even  a more  powerful  disinfectant  than  chlorine  itself.  In  extreme 
cases,  where  a rapid  evolution  of  chlorine  is  required,  the  bleaching 
powder  is  placed  in  a plate,  and  diluted  sulphuric  acid  is  poured  over  it, 
or  the  powder  may  be  mixed  with  half  its  weight  of  powdered  alum  in 
a plate,  when  a pretty  rapid  and  regular  escape  of  chlorine  will  ensue. 

When  chloride  of  lime  is  distilled  with  a small  quantity  of  diluted 
sulphuric  acid,  a solution  of  hypoclilorous  acid  is  obtained ; but  if  an 
excess  of  acid  be  used,  free  chlorine  is  the  result. 

Bleaching  powder  is  liable  to  decomposition  when  kept,  evolving 
oxygen,  and  becoming  converted  into  calcium  chloride,  which  attracts 
moisture  greedily,  and  renders  the  bleaching  powder  deliquescent.  It 
has  been  known  to  shatter  the  glass  bottle  in  which  it  was  preserved,  in 
consequence  of  the  accumulation  of  oxygen  ; * CaOCl„  = OaCl2  + 0. 

When  a solution  of  a salt  of  manganese  or  cobalt  is  added  to  solution 
of  chloride  of  lime,  a black  precipitate  of  MnO,  or  Co,03  is  obtained.  If 

a When  rapidly  made  and  hastily  packed,  it  has  been  known  to  become  so  hot  as  to  set 
fire  to  the  c.isks. 
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this  precipitate  be  boiled  with  an  excess  of  solution  of  chloride  of  lime, 
it  causes  a rapid  disengagement  of  oxygen,  in  some  manner  that  has 
not  yet  been  clearly  explained.  Large  quantities  of  oxygen  are  easily 
obtained  by  adding  a few  drops  of  solution  of  cobalt  nitrate  to  solution 
of  chloride  of  lime,  and  applying  a gentle  heat. 

Old  chloride  of  lime  always  contains  calcium  chlorate ; 6CaOCl2  = 
5CaCl„  + Ca(C103),. 

Sodium  hypochlorite,  which  is  very  useful  for  removing  ink,  is  pre- 
pared in  solution  by  decomposing  solution  of  chloride  of  lime  with 
solution  of  sodium  carbonate,  and  separating  the  calcium  carbonate  by 
filtration.  The  solution  is  generally  called  “chloride  of  soda ” {liquor 
soclce  chloratce). 

113.  Chloric  acid  (HC103). — This  acid  is  appropriately  studied  here, 
since  its  salts  are  usually  obtained  by  the  decomposition  of  the  hypo- 
chlorites. The  only  chlorate  which  possesses  any  great  practical  im- 
portance is  potassium  chlorate  (KC103),  which  is  largely  employed  as  a 
source  of  oxygen,  as  an  ingredient  of  several  explosive  compositions,  and 
in  the  manufacture  of  lueifer  matches. 

Potassium  chlorate,  or  chlorate  of  potash. — 

The  simplest  method  of  obtaining  this  salt 
consists  in  passing  an  excess  of  chlorine 
rapidly  into  a strong  solution  of  potash  (fig. 

174),  when  the  liquid  becomes  hot  enough  to 
decompose  the  hypochlorite  first  formed  into 
potassium  chloride,  which  remains  in  solu- 
tion, and  potassium  chlorate,  which  is  deposited 
in  tabular  crystals,  the  ultimate  result  being 
expressed  by  the  equation — 

6KHO  + Cle=  KC103  + 5KCI  + 3H..O. 

If  potassium  carbonate  or  a weak  solution  of 
potash  be  employed,  the  liquid  will  require 
boiling  after  saturation  with  chlorine,  in  order 
to  convert  the  hypochlorite  into  chlorate. 

The  following  proportions  will  be  found  convenient  for  the  preparation  of 
potassium  chlorate  on  the  small  scale  as  a laboratory  experiment.  300  grains 
(or  20  grms.)  of  potassium  carbonate  are  dissolved,  in  a beaker,  with  2 measured 
ounces  (or  60  c.c.)  of  water.  600  grains  (or  40  grms.)  of  common  salt  are  mixed 
with  450  grains  (or  30  grms.)  of  biuoxide  of  manganese,  and  very  gently  heated  in 
a flask  (fig.  174)  with  a mixture  of  ii  ounce  (measured)  (or  40  c.c.)  of  strong  j 
sulphuric  acid  and  4 ounces  (measured)  (or  'no  c.c.)  of  water,  the  evolved  chlorine 
being  passed  through  a rather  wide  bent  tube  into  the  solution  of  potassium 
carbonate. 

At  first  no  action  will  appear  to  take  place,  although  the  solution  absorbs  the 
chlorine ; because  the  first  portion  of  that  gas  converts  the  potassium  carbonate 
into  a mixture  of  potassium  hypochlorite,  potassium  chloride,  and  hydropotassium 
carbonate,  some  crystals  of  which  will  probably  be  deposited ; 2K,C03  + CL,  + H.,0 
= KC1  + KCIO  + 2KHCO3.  On  continuing  to  pass  chlorine,  these  crystals  will 

redissolve,  and  brisk  effervescence  will  be  caused  by  the  expulsion  of  the  carbonic 
acid  gas;  2KHC03  + Cb=KCl  + KC10  + H20  + 2C0„.  When  this  effervescence 
has  ceased,  and  the  chlorine  is  no  longer  absorbed  by  the  liquid,  the  change  is 
complete,  the  ultimate  result  being  represented  by  the  equation  K2C03  + C12= 

KC1  + KCIO  + CO„.  The  solution  (which  often  has  a pink  colour,  due  to  a little 
potassium  ferrate)  is  now  poured  into  a dish,  boiled  for  two  or  three  minutes, 
filtered,  if  necessary,  from  any  impurities  (silica,  &c.)  derived  from  the  potassium 
carbonate,  and  set  aside  to  crystallise.  The  ebullition  has  converted  the  potassium 
hypochlorite  into  chlorate  and  chloride  of  potassium;  3KC10  = KC103  + 2KC1. 


CHLORIC  ACID. 


163 

The  latter,  being  soluble  in  about  three  times  its  weight  of  cold  water,  is  retained 
in  the  solution,  whilst  the  chlorate,  which  would  require  about  sixteen  times  its 
weight  of  cold  water  to  hold  it  dissolved,  is  deposited  in  brilliant  rhomboidal 
tables.  These  crystals  may  be  collected  on  a filter,  and  purified  from  the  adhering 
solution  of  potassium  chloride  by  pressure  between  successive  portions  of  filter- 
paper.  If  they  be  free  from  chloride,  their  solution  in  water  will  not  be  changed 
by  silver  nitrate,  which  would  yield  a milky  precipitate  of  silver  chloride  if  that 
impurity  were  present.  Should  this  be  the  case,  the  crystals  must  be  redissolved 
in  a small  quantity  of  boiling  water,  and  recrystallised. 

The  above  processes  for  preparing  potassium  chlorate  are  far  from 
economical,  since  five-sixths  of  the  potash  are  converted  into  chloride, 
being  employed  merely  to  furnish  oxygen  to  convert  the  chlorine  into 
chloric  acid.  I11  manufacturing  the  chlorate  upon  the  large  scale,  a 
much  cheaper  material,  lime,  is  used  to  furnish  the  oxygen,  one  molecule 
of  potassium  carbonate  being  mixed  with  six  molecules  of  slaked  lime 
and  the  damp  mixture  saturated  with  chlorine.  On  treating  the  mass 
with  boiling  water,  a solution  is  obtained  which  contains  potassium 
chlorate  and  calcium  chloride  : the  latter,  being  very  soluble,  remains  in 
the  liquor,  from  which  the  chlorate  crystallises  on  cooling.  The  ultimate 
result  of  the  action  of  chlorine  upon  the  mixture  of  potassium  carbonate 
and  lime  is  thus  expressed — 

K.,C03  + 6Ca(HO)2  + Cl,.,  = 2KCIO3  + 5CaCl2  + CaC03  + 6 H.,0. 

A still  cheaper  salt  of  potassium,  the  chloride,  has  recently  been 
employed  with  great  economy  as  a substitute  for  the  carbonate.  Lime 
is  mixed  with  water,  and  saturated  with  jchlorine  gas  in  close  leaden 
tanks  ; 2Ca(OH)2  (calcium  hydrate)  + Cl4  = Ca(OCl)2  (calcium  hypo- 
chlorite) + CaCl„  (calcium  chloride)  4-  2H,0.  The  liquid  is  boiled  down, 
when  the  calcium  hypochlorite  is  decomposed  into  calcium  chlorate  and 
chloride  ; 3Ca(OCl)2  = Ca(C103)„  + 2CaCl2.  The  calcium  chlorate  is  now 
decomposed  by  boiling  with  potassium  chloride,  when  it  yields  calcium 
chloride  which  remains  in  solution,  and  potassium  chlorate  which  sepa- 
rates in  crystals  as  the  solution  cools — 

Ca(C103)2  + 2KCI  = CaCl.,  + 2KCIO3. 

Chloric  acid  (HC103)  may  be  procured  by  decomposing  a solution  of 
potassium  chlorate  with  hydrofluosilicic  acid,  when  the  potassium  is 
deposited  as  an  insoluble  silico-fluoride,  and  chloric  acid  is  found  in  the 
solution ; * 2KC103  + IT,SiF?  = 2HC103  + K,SiF6. 

On  evaporating  the  solution  at  a temperature  not  exceeding  ioo°  F. 
(38°  C.),  the  chloric  acid  is  obtained  as  a yellow  liquid,  with  a peculiar 
pungent  smell,  having  the  composition  HC10r7Aq. 

In  its  chemical  characters,  chloric  acid  bears  a very  strong  resemblance 
to  nitric  acid,  but  is  far  more  easily  decomposed.  It  cannot  even  be 
kept  unchanged  for  any  length  of  time,  and  at  temperatures  above 
104°  F.  (40°  C.)  it  is  decomposed  into  perchloric  acid,  chlorine,  and 
oxygen ; 4HCIO3  = 2ITCJ104  + H20  + Cl2  + 03. 

Chloric  acid  is  one  of  the  most  powerful  oxidising  agents  : a drop  of 
it  will  set  fire  to  paper,  and  it  oxidises  phosphorus  (even  the  amorphous 
variety)  with  explosive  violence. 

114.  Chlorates. — Chloric  acid,  like  nitric,  is  monobasic,  containing 
only  one  atom  of  hydrogen  replaceable  by  a metal.  The  chlorates 
resemble  the  nitrates  in  their  oxidising  power,  but  generally  act  at 

- 440  grain  measures  of  hydrofluosilicic  acid  of  sp.  gr.  1078  will  decompose  100  grains 
of  the  chlorate. 
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lower  temperatures,  in  consequence  of  the  greater  facility  with  which 
the  chlorates  part  with  their  oxygen. 


A grain  or  two  of  potassium  chlorate,  rubbed  in  a mortar  with  a little  sulphur, 
for  example,  detonates  violently,  evolving  a powerful  odour  of  chloride  of 
sulphur.  Potassium  chlorate  and  sulphur  were  used  in  some  of 
the  first  percussion  caps,  but  being  found  to  corrode  the  nipple 
of  the  gun,  they  gave  place  to  the  anticorrosive  caps  containing 
mercuric  fulminate. 

If  a little  powdered  chlorate  be  mixed  on  a card  with  some 
black  antimony  sulphide,  and  wrapped  up  in  paper,  the  mixture 
will  detonate  when  struck  with  a hammer. 

A mixture  of  this  description  is  employed  in  the  friction  tubes 
used  for  firing  cannon.  These  are  small  tubes  (A,  fig.  175)  of 
sheet  copper  (for  military)  or  of  quill  (for  naval  use),  filled  with 
>f9  | !|  gunpowder : in  the  upper  part  of  the  tube  a small  copper  rasp  (B) 

is  tightly  fixed  across  it,  and  on  each  side  of  the  rasp  a pellet 
is  placed  containing  12  parts  of  potassium  chlorate,  12  of  anti- 
mony sulphide,  and  1 of  sulphur,  these  ingredients  being  worked 
up  into  a paste  with  a solution  of  an  ounce  of  shellac  in  a pint 
of  spirit  of  wine.  The  friction  tube  is  fixed  in  the  vent  of  the 
gun,  and  the  copper  rasp  quickly  withdrawn  by  a cord  in  the 
hands  of  the  gunner,  when  the  detonating  pellets  explode  and 
fire  the  powder.  The  earliest  lucifer  matches  were  tipped  with 
a mixture  of  potassium  chlorate,  antimony  sulphide,  and  starch, 
and  were  kindled  by  drawing  them  briskly  through  a doubled 
piece  of  sand-paper. 

A mixture  of  potassium  chlorate  and  lead  ferrocyanide  is  used 
in  toy  detonating  crackers. 


At  high  temperatures  the  chlorates  act  violently  upon  combustible 
bodies.  A little  potassium  chlorate  sprinkled  upon  red-hot  coals  causes 
a very  violent  deflagration.  If  a little  of  the  chlorate 
be  melted  in  a deflagrating  spoon,  and  plunged  into 
a bottle  or  flask  containing  coal  gas  (fig.  176),  the 
salt  burns  with  great  brilliancy,  its  oxygen  combin- 
ing with  the  carbon  and  hydrogen  in  the  gas,  which 
becomes  in  this  case  the  supporter  of  combustion. 
The  flask  may  be  conveniently  filled  with  coal  gas 
by  inverting  it,  and  passing  a flexible  tube  from 
the  gas  pipe  up  into  it. 

Potassium  chlorate  is  much  used  in  the  manu- 
facture of  fireworks,  especially  as  an  ingredient  of 
coloured  fire  compositions,  which  generally  consist 
of  potassium  chlorate  mixed  with  sulphur,  and  with 
some  metallic  compound,  to  produce  the  desired  colour 
in  the  flame.  They  are  not  generally  made  of  the  best  quality  on  the 
small  scale,  from  want  of  attention  to  the  very  finely  powdered  state  of  the 
ingredients,  the  absence  of  all  moisture,  and  the  most  intimate  mixture. 
If  these  precautions  be  attended  to,  the  following  prescriptions  will  give  very 

good  coloured  fires : — , . , 

Bed  fire. 40  grains  of  strontium  nitrate,  thoroughly  dried  over  a lamp,  are 

mixed  with  10  grains  of  potassium  chlorate,  and  reduced  to  the  finest  possible 
powder.  In  another  mortar  13  grains  of  sulphur  are  mixed  with  4 grains  of  black 
sulphide  of  antimony  (crude  antimony).  The  two  powders  are  then  placed  upon 
a sheet  of  paper,  and  very  intimately  mixed  with  a bone  knife,  avoiding  any  great 
pressure.  A little  heap  of  the  mixture  touched  with  a red-hot  iron  ought  to  burn 
with  a uniform  red  flame,  the  colour  being  due  to  the  strontium.* 


* The  red  fire  made  by  pyrotechnists  commonly  contains  charcoal  1 part,  she 
4 parts,  sulphur  8 parts,  potassium  chlorate  12  parts,  strontium  nitrate  40  parts. 
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Blue  fire. — 15  grains  of  potassium  chlorate  are  mixed  with  10  grains  of 
potassium  nitrate  and  30  grains  of  oxide  of  copper,  in  a mortar.  The  finely 
powdered  mixture  is  transferred  to  a sheet  of  paper,  and  mixed,  by  a bone  knife, 
with  15  grains  of  sulphur.  The  colour  of  the  fire  is  given  chiefly  by  the  copper.  ’ 

Green  fire. — 10  grains  of  barium  chlorate  are  mixed  with  10  grains  of  barium 
nitrate  in  a mortar,  and  afterwards  on  paper  with  12  grains  of  sulphur.  The 
barium  is  the  cause  of  the  bright  green  colour  of  the  flame. 

These  compositions  are  rather  dangerous  to  keep,  since  they  are  liable  to  spon- 
taneous combustion. 

White  gunpowder  is  a mixture  of  two  parts  of  potassium  chlorate  with  one  part 
of  dried  yellow  prussiate  of  potash,  and  one  part  of  sugar,  which  explodes  very 
easily  under  friction  or  percussion. 

The  decomposition  of  potassium  chlorate  by  heat  into  oxygen  and 
potassium  chloride  is  attended  with  evolution  of  heat,  unlike  most  cases 
of  chemical  decomposition,  in  which  heat  is  generally  absorbed.  If  the 
chlorate  be  heated  to  the  point  at  which  it  begins  to  decompose,  and  a 
little  ferric  oxide  be  thrown  into  it,  enough  heat  will  be  evolved  to 
bring  the  mass  to  a red  heat,  although  the  ferric  oxide  is  not  oxidised. 
Experiment  has  shown  that  one  part  of  chlorate  evolves,  during  decom- 
position, nearly  39  units  of  heat,  or  enough  heat  to  raise  39  parts  of 
water  through  i°  C.  This  anomalous  evolution  of  heat  must  of  course 
contribute  to  increase  the  energy  of  explosive  mixtures  containing  the 
chlorate,  and  may  be  accounted  for  on  the  supposition  that  the  heat 
evolved  by  the  combination  of  the  potassium  with  the  chlorine  to  form 
potassium  chloride  exceeds  that  which  is  absorbed  in  effecting  the 
chemical  decomposition  of  the  chlorate. 

1 15.  Perchloric  acid  (HG'IOJ  is  obtained  by  evaporating  down,  at  a 
boiling  heat,  the  solution  of  chloric  acid  obtained  by  decomposing 
potassium  chlorate  with  hydrofluosilicic  acid  (see  page  163),  when  the 
chloric  acid  is  decomposed  into  perchloric  acid,  chlorine,  and  oxygen ; 
4HCIO3  = 2HC104  + H20  + Cl2  + 03. 

When  the  greater  part  of  the  water  has  been  boiled  off,  the  liquid  may  be 
introduced  into  a retort  and  distilled.  After  the  remainder  of  the  water  has 
passed  over,  it  is  followed  by  a heavy  oily  liquid,  which  is  HC104. 211,0.  If  this 
be  mixed  with  four  times  its  volume  of  strong  sulphuric  acid  and  again  distilled, 
the  pure  perchloric  acid  (HC104)  first  passes  over  as  a yellow  watery  liquid.  If 
the  distillation  be  continued,  the  oily  HC104. 211.30  distils  over,  and  if  this  be 
mixed  with  the  former  and  cooled,  it  yields  silky  crystals  containing  HC104.H.,0, 
which  are  decomposed  at  230°  F.  (110°  C.)  into  HC104,  which  maybe  distilled  off, 
and  HC104.2H..0,  which  is  left  in  the  retort — 

2(HC104.Ha0)>  = HC104  + HC104.2H.,0. 

The  pure  perchloric  acid  is  a colourless,  very  heavy  liquid  (sp.  gr. 
1 .782),  which  soon  becomes  yellow  from  decomposition.  It  cannot  be 
kept  for  any  length  of  time.  When  heated,  it  undergoes  decomposition, 
often  with  explosion.  In  its  oxidising  properties  it  is  more  powerful 
than  chloric  acid.  It  burns  the  skin  in  a very  serious  manner,  and  sets 
fire  to  paper,  charcoal,  Ac.,  with  explosive  violence.  This  want  of 
stability,  however,  belongs  only  to  the  pure  acid.  If  water  be  added  to 
it,  heat  is  evolved,  and  a diluted  acid  of  far  greater  permanence  is 
obtained.  Diluted  perchloric  acid  does  not  even  bleach,  but  reddens 
litmus  in  the  ordinary  way. 

Perchloric  acid  is  monobasic.  The  perchlorates  are  decomposed  by  heat, 
evolving  hydrogen,  and  leaving  chlorides  ; thus — KC104  = KC1  + 04. 

The  potassium  perchlorate  is  always  formed  in  the  first  stage  of  the 
decomposition  of  potassium  chlorate  by  heat ; 

2KCIO.  = KCIO,  + KC1  + 0., 
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If  a few  crystals  of  potassium  chlorate  be  heated  in  a test-tube,  they  first  melt 
to  a perfectly  clear  liquid,  which  soon  evolves  bubbles  of  oxygen.  After  a time 
the  liquid  becomes  pasty,  and  if  the  contents  of  the  tube,  after  cooling,  be  dis- 
solved by  boiling  with  water,  the  latter  will  deposit,  as  it  cools,  crystals  of 
potassium  perchlorate.  These  are  readily  distinguished  from  chlorate  by  their 
not  yielding  a yellow  gas  (C102)  when  treated  with  strong  sulphuric  acid.  The 
perchlorate  is  remarkable  as  one  of  the  least  soluble  of  the  potassium  salts, 
requiring  150  times  its  weight  of  cold  water  to  dissolve  it.  Neither  perchloric 
acid  nor  any  of  its  salts  is  applied  to  any  useful  purpose. 

1 16.  Chloric  peroxide  or  peroxide  of  chlorine  (C102)  is  dangerous  to  prepare  and 
examine  on  account  of  its  great  instability  and'  violently  explosive  character.  It 
is  obtained  by  the  action  of  strong  sulphuric  acid  upon  potassium  chlorate — 
3KC103  + 2H.2S04  = KC104  + 2KHS04  + 2d0a  + h2o. 

It  is  a bright  yellow  gas,  with  a chlorous  and  somewhat  aromatic  smell,  and  sp.  gr. 
2.32  ; condensable  at  — 40  F.  to  a red,  very  explosive  liquid.  The  gas  is  gradually 
decomposed  into  its  elements  by  exposure  to  light,  and  a temperature  of  140°  F. 
(6o°  C.)  causes  it  to  decompose  with  violent  explosion  into  a mixture  of  chlorine 
and  oxygen,  the  volume  of  which  is  one-third  greater  than  that  of  the  com- 
pound. _ . 

On  a small  scale,  chloric  peroxide  may  be  prepared  with  safety  by  pouring  a little 
strong  sulphuric  acid  upon  one  or  two  crystals  of  potassium  chlorate,  in  a test- 
tube  supported  in  a holder.  The  crystals  at  once  acquire  a red  colour,  which 
gradually  diffuses  itself  through  the  liquid,  and  the  bright  yellow  gas  collects  in 
the  tube.  If  heat  be  applied,  the  gas  will  explode,  and  the  colour  and  odour  of 
chloric  peroxide  will  be  exchanged  for  those  of  chlorine.  If  the  chlorate  employed 
in  this  experiment  contains  potassium  chloride,  explosion  often  takes  place  in  the 
cold,  since  the  hydrochloric  acid  evolved  by  the  action  of  the  acid  upon  that  salt 
decomposes  a part  of  the  chloric  peroxide,  and  thus  provokes  the  decomposition 
of  the  remainder. 


Chloric  peroxide  is  easily  absorbed  by  water,  and  the  solution  has 
powerful  bleaching  properties.  Combustible  bodies,  such  as.  sulphui 
and  phosphorus,  deoompose  the  gas,  as  might  be  expected,  with  great 
violence.  This  powerful  oxidising  action  of  chloric  peroxide  upon  com- 
bustible substances  appears  to  be  the  cause  of  the  property  possessed 
by  mixtures  of  such  substances  with  potassium  chlorate,  to  inflame 
when  touched  with  strong  sulphuric  acid. 

If  a few  crystals  of  potassium  chlorate  be  thrown  into  a glass  of  water  (fig.  177), 
one  or  two  small  fragments  of  phosphorus  dropped  upon  them,  and  some  strong 
sulphuric  acid  poured  down  a funnel  tube  to  the  bottom  ot 
the  glass,  the  chloric  peroxide  will  inflame  the  phosphorus 
with  bright  flashes  of  light  and  slight  detonations. 

Powdered  sugar  mixed  with  potassium  chlorate  on  paper, 
will  burn  brilliantly  when  touched  with  a glass  rod  dipped  in 
strong  sulphuric  acid.  Matches  may  be  prepared, . which 
inflame  when  moistened  with  sulphuric  acid,  by  dipping  the 
ends  of  splinters  of  wood  in  melted  sulphur,  and,  when  cook 
tipping  them  with  a mixture  of  5 grains  of  sugar  and  15 
grains  of  potassium  chlorate  made  into  a paste  with  4 drops 
of  water.  When  dry,  they  may  be  fired  by  dipping  them  into 
a bottle  containing  asbestos  moistened  with  strong  sulphuric 
acid.  These  matches,  under  the  names  of  Eupyrion  and  V esta 
matches  were  used  before  the  introduction  of  phosplioius 
into  general  use.  The  Promethean  light  was  an  ornamental 
scented  paper  spill,  one  end  of  which  contained  a small  glass 
bulb  of  sulphuric  acid  surrounded  with  a mixture  of  chlorate 
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and  sugar  which  inflamed  when  the  end  of  the  spill  was 
struck  or  soueezed  ‘so  as  to  break  the  bulb  containing  the  sulphuric  acid.  The 
0Kta  to  make  it  intone  more  easily.  Percussion  fuses,  &c„ 
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have  been  often  constructed  upon  a similar  principle.  . ...  .,  . 

Chloric  peroxide  used  to  be  called  hypochlonc  acid;  but,  like  nitric 
peroxide,  it  appears  to  have  no  claim  to  be  considered  a true  acid,  since, 
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in  contact  with  the  alkalies,  it  yields  mixtures  of  chlorites  and  chlorates ; 
thus — 2 CIO,  + 2KHO  — KCIO,  + KCIO3  + 1 1,0: 

1 1 7.  Euchlorine  , the  deep  yellow,  dangerously  explosive  gas  evolved  by 
the  action  of  strong  hydrochloric  acid  upon  potassium  chlorate,  appears 
to  be  a mixture  of  chloric  peroxide  with  free  chlorine.  It  is  resolved  by 
explosion  into  2 vols.  Cl  and  1 vol.  0.  Mercurous  chloride  absorbs  Cl 
from  it,  leaving  CIO,.  Hence  its  production  may  be  explained  by  the 
equation,  4KCIO3  + 1 2HCI  = 4KCI  + 611,0  + 3CIO,  + Cl0. 

The  gas  known  as  chlorous  anhydride  has  been  proved  to  be  a mixture 
of  CIO,  and  Cl. 

Chlorides  of  Carbon. 

1 18.  It  lias  already  been  seen  that  chlorine  has  no  direct  attraction  for  carbon, 
the  two  elements  not  being  known  to  enter  into  direct  combination  ; but  several 
chlorides  of  carbon  may  be  obtained  by  the  action  of  chlorine  upon  other  com- 
pounds of  carbon.  Thus,  if  Dutch  liquid  (C,H,C1,),  produced  by  the  combination 
of  olefiant  gas  with  chlorine  (p.  96),  be  acted  upon  with  an  excess  of  chlorine  in 
sunlight,  the  whole  of  its  hydrogen  is  removed  in  the  form  of  hydrochloric  acid, 
and  an  equivalent  amount  of  chlorine  is  substituted  for  it,  yielding  the  trichloride, 
formerly  called  sesquicldoride  of  carbon  (C,C18) ; C„H,C1,  + C18  = C,C1B  + 4HC1. 

Carbon  trichloride  is  a white  crystalline  solid,  with  an  aromatic  odour,  rather 
like  that  of  camphor.  It  fuses  at  i6oJ  C.,  and  boils  at  182°  C.,  subliming  un- 
changed. It  is  not  dissolved  by  water,  but  is  soluble  in  alcohol  and  ether. 

When  the  vapour  of  carbon  trichloride  is  passed  through  a tube  containing  frag- 
ments of  glass  heated  to  redness,  it  is  decomposed  into  chlorine  and  a colourless 
liquid,  which  is  the  dichloride,  formerly  called  protochloride  of  carbon  (C,C14).  It 
has  an  aromatic  odour,  and  boils  at  120°  C.  ; is  heavier  than  water  (sp.  gr.  1.5), 
which  does  not  dissolve  it,  and  is  soluble  in  alcohol  aud  ether. 

By  passing  the  vapour  of  this  carbon  dichloride  through  tubes  heated  to  bright 
redness,  it  is  decomposed  into  chlorine  and  monochloride,  formerly  called  sub- 
ddorkle  of  carbon  (C,CJ,),  which  forms  silky  crystals  almost  free  from  odour, 
insoluble  in  water,  but  soluble  in  ether,  and  capable  of  being  sublimed  unchanged 
at  a high  temperaure.  It  burns  in  air  with  a red  smoky  flame. 
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Fig.  178. — Preparation  of  carbon  tetrachloride. 


Carbon  tetrachloride  (CC14)  has  been  mentioned  (p.  152)  as  the  final 
result  of  the  action  of  chlorine  upon  marsh  gas  (CH  j and  upon  chloro- 
form (CIIC13).  It  is  easily  obtained  in  large  quantity,  by  passing 
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chlorine  (dried  by  passing  through  a tube  containing  pumice  wetted 
with  strong  sulphuric  acid)  (fig.  178)  through  a bottle  containing 
carbon  disulphide,  and  afterwards  through  a porcelain  tube,  filled  with 
fragments  of  broken  porcelain,  maintained  at  a red  heat  by  a charcoal 
or  gas  furnace,  and  condensing  the  products  in  a bottle  surrounded  by 
ice.  A mixture  of  carbon  tetrachloride  and  sulphur  dichloride  is  thus 
obtained ; CS,  + C1G  = CC14  + S2C12.  By  shaking  this  mixture  with 
potash,  the  sulphur  di chloride  is  decomposed  and  dissolved,  whilst  the 
carbon  tetrachloride  separates  and  falls  to  the  bottom.  The  upper- 
layer  having  been  poured  off,  the  tetrachloride  may  be  purified  by 
distillation. 

Another  method  of  preparing  CC14  consists  in  distilling  carbon  disul- 
phide with  antimonic  chloride  in  a stream  of  chlorine. 

Carbon  tetrachloride  is  a colourless  liquid,  much  heavier  than  water 
(sp.  gr.  1.6),  having  a peculiar  odour,  and  boiling  at  1720  F.  (78°  C.). 
It  may  be  solidified  at  — 90  F.  The  tetrachloride  is  insoluble  in  water', 
but  dissolves  in  alcohol  and  ether. 

By  the  action  of  chlorine  on  naphthalene  (C10Hg),  Laurent  obtained, 
as  the  ultimate  result,  a crystalline  chloride  of  carbon  containing 
C10C18,  to  which  he  gave  the  name  chlonajihthalise. 

It  will  be  noticed  that  each  of  the  compounds  of  chlorine  with  carbon,  except  the 
trichloride,  has  its  parallel  in  the  compounds  of  hydrogen  with  carbon  ; * thus — 
Acetylene  C2H2  corresponds  to  the  monochloride  C2C12 
Olefiant  gas  C2H4  ,,  dichloride  C2C14 

Marsh  gas  CH4  ,,  tetrachloride  CC14 

The  history  of  carbon  trichloride  affords  an  instructive  instance  of  the  influence 
of  the  molecular  weight  of  a compound  upon  its  properties.  By  passing  the 
vapour  of  carbon  tetrachloride  through  a tube  heated  to  dull  redness,  a liquid  is 
obtained  which  is  found  by  analysis  to  contain  precisely  the  same  proportions  of 
carbon  and  chlorine  as  the  solid  trichloride  above  described,  but  the  specific 
gravity  of  its  vapour  (H  — 1)  is  only  59.25,  which  is  half  that  of  the  vapour  of 
solid  carbon  trichloride,  showing  that  in  the  liquid  compound  the  same  propor- 
tions of  carbon  vapour  and  chlorine  are  condensed  into  a volume  twice  as  large  as 
in  the  solid  trichloride,  and  it  must  be  represented  by  the  formula  CC13. 

1 19.  Oxychloride  of  carbon,  carbonyle  chloride,  or  phosgene  gas,  COCl2,  is  pro- 
duced by  the  direct  combination  of  .equal  volumes  of  carbonic  oxide  and  chlorine 
gases  under  the  influence  of  sunlight  (whence  its  last  name),  when  the  mixture 
condenses  to  half  its  volume  of  a colourless  gas,  condensable  by  cold,  having  a very 
peculiar  pungent  smell,  and  fuming  strongly  when  exposed  to  moist  air,  decom- 
posing the  moisture  and  producing  hydrochloric  acid ; CO.  Cl2  + H20  — C02  + 2HCL 
It  is  decomposed  by  alkalies,  producing  chlorides  and  carbonates. 

COCl2  may  also  be  prepared  by  passing  a mixture  of  equal  volumes  of  CO  and 
Cl  through  a long  tube  filled  with  granulated  animal  charcoal,  which  favours  the 
combination  of  the  gases  ; or  by  passing  dried  carbonic  oxide  through  antimony 
pentachloride ; SbClr>  + CO  = COCl2  + SbCl3. 

Phosgene  gas  has  also  been  obtained  by  heating  carbon  tetrachloride  with  phos- 
phoric anhydride,  in  a sealed  tube;  3CC1,,  + P,_,05  = 2l>OCl3  l-  3COC].,  ; and  by 
heating  chloroform  with  sulphuric  acid  and  potassium  di  chromate. 

120.  Silicon  tetrachloride,  unlike  the  chlorides  of  carbon,  may  be 
formed  by  the  direct  union  of  silicon  with  chlorine  at  a high  temperature  ; 
but  it  is  best  prepared  by  passing  dry  chlorine  over  a mixture  of  silica 
and  charcoal,  heated  to  redness  in  a porcelain  tube  connected  with  a 
receiver  kept  cool  by  a freezing  mixture.  Neither  carbon  nor  chlorine 
separately  will  act  upon  the  silica,  but  when  they  are  employed  together, 

* When  vapour  of  carbon  dichloride  is  mixed  with  hydrogen,  and  passed  through  a red- 
hot  tube,  olefiant  gas  and  hydrochloric  acid  are  produced.  The  tetrachloride,  under 
similar  circumstances,  yields  marsh  gas. 
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the  carbon  removes  the  oxygen  and  the  chlorine  combines  with  the 
silicon  ; Si02  + C2  + Cl4  = SiCl4  + 2 CO. 

The  tetrachloride  is  a colourless  heavy  liquid  (sp.  gr.  1.52),  which  is 
volatile  (boiling  point,  590  C.),  and  fumes  when  exposed  to  air,  the 
moisture  of  which  decomposes  it,  yielding  hydrochloric  acid  and  silica  ; 
SiCl4  + 2H20  — Si02  + 4HCI.  Although  it  has  received  no  practical 
application  on  a large  scale,  it  is  valuable  to  the  chemist  as  a convenient 
source  of  compounds  of  silicon,  which  could  not  easily  be  procured  from 
the  very  unchangeable  silica. 

Si2Cl6  is  formed  when  SiCl4  is  passed  over  silicon  at  a very  high  temperature. 
Its  vapour  is  said  to  be  stable  at  temperatures  below  350°  C.  and  above  iooo°  C., 
but  it  cannot  exist  between  those  limits,  being  decomposed  into  silicon  and 
SiCl4. 

By  passing  hydrochloric  acid  over  silicon  heated  to  redness,  a very  remarkable 
liquid  is  obtained,  which  is  much  more  volatile  than  the  chloride  of  silicon 
(boiling  point,  420  C.),  and,  unlike  most  chlorine  compounds,  is  inflammable, 
burning  with  a greenish  flame,  and  producing  silica  and  hydrochloric  acid.  This 
liquid  is  silico-cliloroform,  SiHCl.,,  produced  according  to  the  equation,  Si  + 3HC1  = 
SiHCl3  + H2.  The  corresponding  bromine  and  iodine  compounds  are  known.  It 
fumes  strongly  in  ah',  and  is  decomposed  by  water,  yielding  hydrochloric  acid, 
and  the  substance  termed  leucone. 

The  boron  trichloride  (BC13)  is  similar  in  its  general  character  to  the 
silicon  tetrachloride,  and  is  prepared  by  a similar  process,  but  it  is  a gas 
instead  of  a liquid  at  ordinary  temperatures. 

1 2 1 . Chloride  of  nitrogen  is  the  name  usually  given  to  the  very  explo- 
sive compound  before  referred  to  as  being  produced  by  the  action  of 
chlorine  on  sal  ammoniac.  Its  composition  is  somewhat  uncertain,  its 
explosive  character  rendering  its  exact  analysis  very  difficult.  Some 
chemists  regard  it  as  NC13,  that  is,  ammonia  in  which  all  the  hydrogen 
has  been  displaced  by  chlorine,  whilst  others  believe  it  to  contain 
hydrogen,  regarding  it  as  derived  from  two  molecules  of  ammonia 
(NH,NH3),  by  the  substitution  of  five  atoms  of  chlorine  for  five  of 
hydrogen  (NCis.NHCl2). 

It  is  a yellow,  heavy,  oily  liquid  (sp.  gr.  1.65),  which  volatilises  easily, 
yielding  a vapour  of  very  characteristic  odour,  which  affects  the  eyes. 
When  heated  to  about  200°  F.  it  explodes  with  great  violence,  emitting 
a loud  report  and  a flash  of  light.*  Its  instability  is,  of  course, 
attributable  to  the  feeble  attraction  which  holds  its  elements  together ; 
and  the  violence  of  the  explosion,  to  the  sudden  expansion  of  a small 
volume  of  the  liquid  into  a large  volume  of  nitrogen,  chlorine,  and 
perhaps  hydrochloric  acid.  As  might  be  expected,  its  explosion  is  at 
once  brought  about  by  contact  with  substances  which  have  an  attraction 
for  chlorine,  such  as  phosphorus  and  arsenic ; the  oils  and  fats  cause  its 
explosion,  probably  by  virtue  of  their  hydrogen ; oil  of  turpentine 
explodes  it  with  greater  certainty  than  the  fixed  oils.  Alkalies  also 
decompose  it  violently  • whilst  acids,  having  no  action  upon  the 
chlorine,  are  not  so  liable  to  explode  it.  At  160°  F.  this  substance  has 
actually  been  distilled  without  explosion. 

Although  practically  unimportant,  the  violent  explosive  properties  of 
this  substance  render  it  so  interesting  that  it  may  be  well  to  give  some 
directions  for  its  safe  preparation,  which  may  be  effected  by  the  action 
of  solution  of  hypochlorous  acid  upon  ammonium  chloride. 

I t is  said  to  absorb  38,478  gramme-degrees  of  beat  per  equivalent,  in  the  process  of 
formation,  and  would  therefore  disengage  that  amount  of  heat  in  the  act  of  decomposition. 
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-Fifty  grains  of  reel  oxide  of  mercury  are  very  finely  powdered,  and  thrown  into 
a pint  bottle  of  chlorine  together  with  i oz.  (measured)  of  water.  The  stopper  is 
replaced,  and  the  bottle  well  shaken,  loosening  the  stopper  occasionally,  as  long 
as  the  chlorine  is  absorbed.  The  solution  of  hypochlorous  acid  thus 
produced  is  filtered  from  the  residual  mercuric  oxychloride,  and 
poured  into  a clean  thumb-glass  (fig.  179).  A lump  of  sal  ammoniac 
weighing  20  grains  is  then  dropped  into  the  solution,  and  the  glass 
is  placed  under  a stout  wooden  box.  After  the  lapse  of  twenty 
minutes,  the  chloride  of  nitrogen  may  be  exploded  by  inserting, 
through  a hole  in  the  box,  a stick  dipped  in  turpentine,  fixed  at  right 
angles  to  a longer  stick.  The  glass  will  be  shattered  into  very 
small  fragments. 


122.  Aqua  regia. — This  name  has  been  bestowed  upon  the  mixture 
of  1 measure  of  nitric,  and  3 measures  of  hydrochloric  acid  ( nitro - 
muriatic  acid),  which  is  employed  for  dissolving  gold,  platinum,  and 
other  metals  which  are  not  soluble  in  the  separate  acids.  If  a little 
gold  leaf  be  placed  in  hydrochloric  and  nitric  acids  contained  in  separate 
glasses,  the  metal  will  remain  unaffected  even  on  warming  the  acids ; 
hut  if  the  contents  of  the  glasses  be  mixed,  the  gold  will  be  immediately 
dissolved  by  the  chlorine,  which  is  liberated  in  the  action  of  the  acids 
upon  each  other ; HN03  + 3HCI  = 2H,0  + N0C1  + Cl2. 


The  nitrosyle  chloride  (N0C1)  is  a red  gas,  condensable  in  a freezing  mixture  to 
a dark  red  liquid,  which  boils  at  18°  F.  It  has  a very  peculiar  odour,  and  is 
decomposed  by  contact  with  water.  Nitrosyle  chloride  is  also  produced  by 
mixing  2 volumes  of  nitric  oxide  with  1 volume  of  chlorine  ; it  condenses  to  a 
red  liquid  at  o°  F.  When  nitrosyle  chloride  is  passed  into  oil  of  vitriol  cooled  to 
320  F.,  crystals  of  the  acid  nitrosyle  sulphate  are  deposited;  N0C1  + HoS04  = 
HC1  + N0HS04. 

Nitrosyle  sulphate  is  also  obtained  by  passing  SO.,  into  nitric  acid,  or  N„0S 
into  sulphuric  acid,  or  by  burning  a mixture  of  1 part  of  sulphur  and  3 parts  of 
nitre  in  moist  air.  When  heated  with  KN03,  nitrosyle  sulphate  yields  nitrosyle 
nitrate,  NO. NO.,,  which  is  identical  .with  N204. 


BROMINE. 

Br  = 8o  parts  by  weight. 

123.  It  generally  happens  that  elements  between  which  any  strong 
family  likeness  exists  are  found  associated  in  nature.  This  remark  par- 
ticularly applies  to  the  three  elements — chlorine,  bromine,  and  iodine — 
all  of  which  are  found  in  sea  water,  though  the  first  predominates  to 
such  an  extent  that  the  others  for  a long  time  escaped  notice.  Bromine 
was  brought  to  light  in  the  year  1826  by  Balard  in  the  examination  of 
bittern,  which  is  the  liquid  remaining  after  the  sodium  chloride  and 
some  other  salts  have  been  made  to  crystallise  by  evaporating  sea  water, 
which  contains  bromine  in  the  forms  of  bromide  of  magnesium  and 
bromide  of  sodium.*  It  is  also  extracted  from  the  waters  of  certain 
mineral  springs,  as  those  of  Kreuznach  and  Ivissingen,  which  contain 
much  larger  quantities  of  bromine,  combined  with  potassium,  sodium, 
or  magnesium.  During  the  last  few  years  much  bromine  has  been 
obtained  from  the  mother-liquors  of  the  salt-works  at  Stassfurt,  and 
from  saline  springs  in  the  United  States. 

In  extracting  the  bromine  from  these  waters,  advantage  is  taken  of 
the  circumstance  that  chlorine  is  capable  of  displacing  bromine  from  its 
combinations  with  the  metals.  After  most  of  the  other  salts,  such  as 

* 4.9  grs.  per  gallon  of  magnesium  bromide  have  been  found  in  the  water  of  the  Irish 
Channel. 
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sodium  chloride,  sodium  sulphate,  and  magnesium  sulphate,  which  are 
less  soluble  than  the  bromides,  have  been  separated  from  the  water 
by  evaporation  and  crystallisation,  the  remaining  liquid  is  subjected  to 
the  action  of  chlorine  gas,  when  it  acquires  an  orange  colour,  due  to  the 
liberation  of  the  bromine;  KBr  + Cl  = KC1  + Br.  The  bromine  thus 
set  free  exists  now  diffused  through  a large  volume  of  water,  which 
cannot  be  separated  from  it  in  the  usual  way,  by  evaporation,  because 
bromine  is  itself  very  volatile.  An  ingenious  expedient  is  therefore 
resorted  to,  of  shaking  the  orange  liquid  briskly  with  ether,  which  has 
a greater  solvent  power  for  bromine  than  is  possessed  by  water,  and 
therefore  abstracts  it  from  the  aqueous  solution  : since  ether  does  not  mix 
to  any  great  extent  with  water,  it  now  rises  to  the  surface  of  the  liquid, 
forming  a layer  of  a beautiful  orange  colour,  due  to  the  bromine  which 
it  holds  in  solution.  This  orange  layer  is  carefully  separated,  and 
shaken  with  solution  of  potash,  which  immediately  destroys  the  colour 
by  removing  the  bromine,  leaving  the  ether  to  rise  to  the  surface  in  a 
pure  state,  and  fit  to  be  employed  for  abstracting  the  bromine  from  a 
fresh  portion  of  the  water.  The  action  of  the  bromine  upon  potash  is 
precisely  similar  to  that  of  chlorine — 

6KHO  + Br„  = 5KBr  + KBr03  + 3H20. 

After  the  solution  of  potash  has  been  several  times  shaken  with  the 
ethereal  solution  of  bromine,  and  has  become  highly  charged  with  this 
element,  it  is  evaporated  so  as  to  expel  the  water,  leaving  a solid  residue 
containing  the  potassium  bromide  and  bromate.  This  saline  mass  is 
strongly  heated  to  decompose  the  bromate,  and  convert  it  into  bromide ; 
KBrO.j  = KBr  + Os.  From  this  salt  the  bromine  is  extracted  by  dis- 
tilling it  with  manganese  dioxide  and  sulphuric  acid,  when  the  bromine 
is  liberated  and  condensed  in  a receiver  kept  cold  by  iced  water — 

2KBr  + MnO,,  + 2H,S04  = K2S04  + MnS04  + 2H..0  + Br... 

The  extraction  of  bromine  is  very  often  combined  with  that  of  iodine 
as  described  at  page  174. 

The  aspect  of  bromine  is  totally  different  from  that  of  any  other 
element,  for  it  distils  over  in  the  liquid  condition,  and  preserves  that 
form  at  ordinary  temperatures,  being  the  only  liquid  non-metallic 
element.  Its  dark  red-brown  colour,  and  the  peculiar  orange  colour  of 
the  vapour  which  it  exhales  continually,  are  also  characteristic;  but, 
above  all,  its  extraordinary  and  disagreeable  odour,  from  which  it 
derives  its  name  (/3jowjuoc,  a stench ),  leaves  no  doubt  of  its  identity.  The 
odour  has  some  slight  resemblance  to  that  of  chlorine,  but  is  far  more 
intolerable,  often  giving  rise  to  great  pain,  and  sometimes  even  to 
bleeding  at  the  nose. 

Liquid  bromine  is  thrice  as  heavy  as  water  (sp.  gr.  2.96),  and  boils  at 
5 8°. 7 0.,  yielding  a vapour  5T  times  as  heavy  as  air  (sp.  gr.  5-54)-  I* 
may  be  frozen  at  — 70  C.  to  a brown  crystalline  solid.  It  requires  33 
times  its  weight  of  cold  water  to  dissolve  it,  and  is  capable  of  forming  a 
crystalline  aquate  (Br.5ll„0)  corresponding  to  chlorine  aquate. 

In  its  bleaching  power,  its  aptitude  for  direct  combination,  and  its 
other  chemical  characters,  it  very  closely  resembles  chlorine,  so  closely, 
indeed,  that  it  is  difficult  to  distinguish,  in  many  cases,  between  the 
compounds  of  chlorine  and  bromine  with  other  substances,  unless  the 
elements  themselves  be  isolated.  A necessary  consequence  of  so  great  a 
similarity  is,  that  very  little  use  has  been  made  of  bromine,  since  the  far 
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more  abundant  chlorine  fulfils  nearly  all  the  purposes  to  which  bromine 
might  otherwise  be  applied.  In  the  daguerreotype  and  photographic 
arts,  however,  some  special  applications  of  bromine  have  been  discovered, 
and  for  some  chemical  operations,  such  as  the  determination  of  the 
illuminating  hydrocarbons  in  coal  gas,  bromine  is  sometimes  preferred 
to  chlorine.  It  has  also  been  used  in  America  as  a disinfectant.  The 
bromides  of  potassium  and  ammonium  are  frequently  employed  in 
medicine.  Bromide  of  cadmium  is  used  in  photography.  Commercial 
bromine  sometimes  contains  bromoform  and  cyanogen  bromide.  In  the 
composition  of  their  compounds  chlorine  and  bromine  exhibit  great 
analogy,  but  no  compound  of  bromine  with  oxygen  has  been  obtained. 

Hypobromous  acid  (HBrO)  has  been  obtained  in  solution  by  shaking 
mercuric  oxide  with  water  and  bromine.  The  solution  is  very  unstable, 
decomposing,  especially  when  heated,  with  liberation  of  bromine  and 
formation  of  bromic  acid.  The  action  of  bromine  upon  diluted  solutions 
of  the  alkalies,  and  upon  the  alkaline  earths,  produces  bleaching  liquids 
similar  to  those  formed  by  chlorine,  and  apparently  containing  the 
hypobromites  of  the  metals. 

Bromic  acid  (HBr03)  can  be  prepared  in  a similar  manner  to  chloric 
acid,  to  which  it  has  a great  general  resemblance,  the  bromates  being 
also  similar  to  the  chlorates. 

Perbromic  acid  (HBr04)  is  obtained  by  the  action  of  perchloric  acid 
upon  bromine. 

124.  Hydrobromic  acid  (HBr  = 81  parts  by  weight  = 2 volumes). — 
The  inferiority  of  bromine  to  chlorine  in  chemical  energy  is  well  exem- 
plified in  its  relations  to  hydrogen ; for  the  vapour  of  bromine  mixed 
with  hydrogen  will  not  combine  under  the  action  of  flame  or  of  the 
electric  spark,  like  the  mixture  of  chlorine  and  hydrogen.  Direct 
combination  may,  however,  be  slowly  induced  by  contact  with  heated 
platinum. 

When  it  is  attempted  to  prepare  this  acid  by  distilling  bromide  of 
sodium  or  potassium  with  sulphuric  acid  (as  in  the  preparation  of  hydro- 
chloric acid)  the  inferior  stability  of  hydrobromic  acid  is  shown  by  the 
decomposition  of  a part  of  it,  the  hydrogen  being  oxidised  by  the  sulphuric 
acid,  and  the  bromine  set  free ; 2 HBr  + H2S04  = 2H„0  + S02  + Br,. 

If  a strong  solution  of  phosphoric  acid  be  employed  instead  of  the 
sulphuric,  pure  hydrobromic  acid  may  be  obtained. 

But  the  most  instructive  method  of  obtain- 
ing hydrobromic  acid  consists  in  attacking 
water  with  bromine  and  phosphorus  simulta- 
neously, when  the  phosphorus  takes  the  oxygen 
of  the  water,  forming  phosphoric  acid,  and  the 
bromine  combines  with  the  hydrogen  to  form 
hydrobromic  acid — 


3H0O  + 


Br5  + P 


= HP03  + sHBr. 


Phosphoric  acid, 

The  experiment  maybe  made  in  a W-formedtube 
(fig.  180),  one  bend  of  which  contains  40  grains  of 
phosphorus  in  fragments  intermingled  with  glass 
moistened  with  water,  whilst  the  other  bend  contains 
240  grains  of  bromine  (about  1 drachm).  This  limb  of  the  tube  is  corked,  and 
the  other  furnished  with  a delivery  tube,  so  that  the  gas  may  be  collected  either 
by  downward  displacement  or  over  mercury.  The  bromine  is  slightly  heated. 


Pig.  180. — Preparation  of 
hydrobromic  acid. 
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when  it  distils  over  to  the  moist  phosphorus,  and  hydrobromic  acid  is  evolved. 
A moderate  heat  should  afterwards  be  applied  to  the  moist  glass,  to  expel  part 
of  the  hydrobromic  acid  from  the  water. 

Hydrobromic  acid  is  very  similar  to  hydrochloric  acid ; it  liquefies  at 
— 920  F.  Like  that  gas,  it  is  very  soluble  in  water,  and  the  solution 
acts  upon  metals  and  their  oxides  in  the  same  manner  as  hydrochloric 
acid.  Chlorine  removes  the  hydrogen  from  hydrobromic  acid,  liberating 
bromine,  which  it  converts  into  chloride  of  bromine  if  employed  in  excess. 

Bromide  of  nitrogen  has  been  obtained  by  the  action  of  bromide  of 
potassium  upon  chloride  of  nitrogen,  which  it  resembles  in  general 
character  and  explosive  properties. 

Carbon  tetrabromide,  CBr4,  is  obtained  by  heating  CC14  with  alu- 
minium bromide  in  a sealed  tube  to  ioo°  C.  Silicon  tetrabromide, 
SiBr4,  is  also  known.  Silicon  tribromochloride,  SiBiqCl,  has  been  ob- 
tained as  a liquid  boiling  at  140°  C. 

Chloride  of  bromine,  BrCl,  is  a very  volatile  red-brown  liquid  of 
pungent  odour.  It  is  decomposed  above  io°  C.  That  chlorine  should 
unite  directly  with  bromine,  which  it  so  much  resembles  in  chemical 
character,  illustrates  its  great  tendency  to  direct  chemical  combina- 
tion. 


IODINE. 

I = 127  parts  by  weight. 

125.  Iodine  is  contained  in  sea  water  in  even  smaller  quantity  than 
bromine,  and  appears  to  be  present  as  calcium  iodate,  Ca(I0s)o,  of  which 
4 parts  are  contained  in  a million  of  sea  water,*  but  the  iodine  appears 
to  constitute  a portion  of  the  necessary  food  of  certain  varieties  of  sea- 
weed, which  extract  it  from  the  sea  water,  and  concentrate  it  in  their 
tissues.  The  ash  remaining  after  sea-weed  has  been  burnt  was  long 
used,  under  the  name  of  kelp,  in  soap-making,  because  it  contains  a 
considerable  quantity  of  sodium  carbonate;  and  in  the  year  1811, 
Coui'tois,  a soap-boiler  of  Paris,  being  engaged  in  the  manufacture  of 
soda  from  kelp,  obtained  from  the  waste  liquors  a substance  which 
possessed  properties  different  from  those  of  any  form  of  matter  with 
which  he  was  acquainted.  He  transferred  it  to  a French  chemist, 
Clement,  who  satisfied  himself  that  it  was  really  a new  substance ; and 
Gay-Lussac  and  Davy  having  examined  it  still  more  closely,  it  took  its 
rank  among  the  non-metallic  elementary  substances,  under  the  name  of 
iodine  ( loeih'ic , violet-coloured),  conferred  upon  it  in  allusion  to  the 
magnificent  violet  colour  of  its  vapour. 

This  history  of  the  discovery  of  iodine  affords  a very  instructive 
example  of  the  advantage  of  training  persons  engaged  in  manufactures 
to  habits  of  accurate  observation,  and,  if  possible,  of  accurate  chemical 
observation ; for  had  Courtois  passed  over  this  new  substance  as  acci- 
dental, or  of  no  consequence,  the  community  would  have  lost,  at  least 
for  some  time,  the  benefits  derived  from  the  discovery  of  iodine. 

For  some  years  the  new  element  was  only  known  as  a chemical 
curiosity,  but  an  unexpected  demand  for  it  at  length  arose  on  the  part 
of  the  physician,  for  it  had  been  found  that  the  efficacy  of  the  ashes  of 

9 The  iodate  may  be  detected  in  sea  water  by  shaking  with  carbon  disulphide  and  a 
little  of  the  water  in  which  phosphorus  has  been  kept ; the  phosphorous  acid  reduces  the 
iodate,  liberating  iodine,  which  dissolves  in  the  OS2  with  a rose  colour. 
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sponge,  which  had  long  been  used  in  some  particular  maladies,  was  due 
to  the  small  quantity  of  iodine  which  they  contained,  and  it  was  of 
course  thought  desirable  to  place  this  remedy  in  the  hands  of  the  medical 
profession  in  a purer  form  than  the  ash  of  sponge,  where  it  is  associated 
with  very  large  quantities  of  various  saline  substances.  Much  more 
recently,  the  demand  for  this  element  has  greatly  increased  on  account 
of  its  employment  in  photography,  and  large  quantities  of  it  are  annually 
produced  from  kelp,  the  collection  and  burning  of  which  affords  occupa- 
tion to  the  very  poor  inhabitants  of  some  parts  of  the  coasts  of  Ireland 


and  Scotland,  who  would  otherwise  have  been  thrown  out  of  work  when 
soda  began  to  be  manufactured  from  common  salt,  and  the  demand  for 
kelp  as  the  source  of  that  alkali  had  ceased.  The  sea-weed  * is  spread 
out  to  dry,  and  burnt  in  shallow  pits  at  as  low  a temperature  as  pos- 
sible ; for  the  sodium  iodide  is  converted  into  vapour  and  lost  if  the 
temperature  be  very  high.  The  ash,  which  is  left  in  a half-fused  state, 
is  broken  into  fragments  and  treated  with  hot  water,  which  dissolves 
about  half  of  it,  leaving  a residue  consisting  of  calcium  carbonate  and 
sulphate,  sand,  Ac.  The  whole  of  the  sodium  iodide  is  contained  in  the 
portion  dissolved  by  the  water,  but  is  mixed  with  much  larger  quan- 
tities of  sulphate,  carbonate,  hyposulphite,  sulphide  and  bromide  of 
sodium,  together  with  sulphate  and  chloride  of  potassium.  A portion 
of  the  water  is  expelled  by  evaporation,  when  the  sulphate  and  car- 
bonate of  sodium  and  chloride  of  potassium,  being  far  less  soluble  than 
the  iodide  of  sodium,  crystallise  out.  In  order  to  decompose  the  hypo- 
sulphite and  sulphide  of 
sodium,  the  liquid  is  mixed 
with  an  eighth  of  its  bulk 
of  oil  of  vitriol,  which  de- 
composes these  salts,  evolv- 
ing sulphurous  and  hydro- 
sulphuric  acid  gases,  with 
deposition  of  sulphur,  and 
forming  sodium  sulphate, 
which  is  deposited  in  crys- 
tals. The  liquor  thus  pre- 
pared is  next  mixed  with 
manganese  dioxide,  and 
heated  in  an  iron  still  lined 
with  lead  (fig.  iBi),  when 
the  iodine  is  evolved  as  a 
magnificent  purple  vapour, 

Fig.  iSi.— Extraction  of  iodine.  which  condenses  in  the 

globular  glass  or  stoneware 

receivers  (aludels)  in  the  form  of  dark  grey  scales  with  metallic 
lustre,  and  having  considerable  resemblance  to  black  lead.  The 
liberation  of  the  iodine  is  explained  by  the  following  equation— 
2NaI  + Mn0J+2H,S04  = Na*S04  + MnS04  + 2H20  + Ir 

When  no  more  iodine  passes  over,  some  more  manganese  dioxide  is 
added  and  the  bromine  then  distils.  The  quantity  of  bromine  obtained 


* The  Laminaria  digitate,  or  deep  sea  tangle,  contains  most  iodine,  amounting  to  0.45 
per  cent,  of  the  dried  weed. 
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is  about  one-tenth  that  of  the  iodine.  A ton  of  kelp  yields  about 
10  lbs.  of  iodine. 

Several  processes  have  been  devised  to  render  the  extraction  of  the  iodine  from 
the  concentrated  solution  of  kelp  easier  and  more  economical.  The  most  promising- 
is  very  similar  to  that  employed  for  separating  bromine  (p.  170).  The  iodine  is 
liberated  by  chlorine,  and  extracted  from  the  liquid  by  shaking  it  with  benzene  ; 
by  treating  the  benzene  with  solution  of  potash,  the  iodine  is  converted  into  a 
mixture  of  potassium  iodide  and  iodate,  from  which  the  iodine  may  be  precipi- 
tated by  acidifying  with  hydrochloric  acid— 6KH0  + Ie=^5KI  + KI0:t  + 3H30  ; 
5KI  + KI03  + 6HCI  = 6KC1  + 3H30-|-I6.  A far  more  economical  process  for  the 
treatment  of  sea-weed  consists  in  distilling  it,  when  ammonia,  acetic  acid,  naphtha, 
tar,  and  illuminating  gas  are  obtained,  whilst  a porous  charcoal  remains  in  the 
retort,  which  is  treated  with  water  in  order  to  extract  the  iodides  and  other 
soluble  salts.  This  charcoal  somewhat  resembles  animal  charcoal  in  character, 
containing  much  phosphate  and  carbonate  of  calcium  and  magnesium ; it  is  useful 
as  a decolorising  and  deodorising  agent.  Iodine  is  now  extracted  from  the  deposits 
of  nitrate  of  soda  occurring  in  Chili,  which  contain  sodium  iodate  (NalOJ.  It 
has  also  been  found  in  France  in  some  kinds  of  apatite. 

The  features  of  this  element  are  extremely  well  marked  : its  metallic 
lustre  and  peculiar  odour  sufficiently  distinguish  it  from  all  others,  and 
the  effect  of  heat  upon  it  is  very  striking,  in  first  easily  fusing  it  (at 
1140  0.),  and  afterwards  converting  it  (boiling  point,  200°  C.)  into  the 
most  exquisitely  purple  vapour,  which  is  nearly  nine  times  as  heavy  as  air 
(sp.  gr.  8.72),  and  condenses  upon  a cool  surface  in  shining  scales.  Up 
to  700°  C.  the  sp.  gr.  of  iodine  vapour  is  127  (H=  1);  but,  at  1400° 
the  sp.  gr.  is  only  about  two-thirds  of  this,  indicating  a partial  decom- 
position of  the  molecule.  When  the  vapour  is  diluted  with  about  four- 
fifths  of  its  volume  of  air,  its  sp.  gr.  at  1400°  is  only  63.5  (after  allow- 
ing for  the  air),  showing  that,  at  this  temperature,  the  molecule  is  I and 
not  I2.  Iodine  stains  the  skin  intensely  brown.  The  specific  gravity  of 
solid  iodine  is  4.95. 

When  iodine  is  shaken  with  cold  water,  a very  small  quantity  is  dis- 
solved (about  .05  per  cent.),  forming  a light-brown  solution.  Hot 
water  dissolves  a larger  quantity,  but  alcohol  is  one  of  the  best  solvents 
for  iodine,  producing  a dark  red-brown  solution  from  which  part  of  the 
iodine  may  be  precipitated  by  adding  water.  A solution  of  potassium 
iodide  also  dissolves  iodine  freely  ( LuqoVs  solution  ; liquor  iodi ).  Tincture 
of  iodine  contains  iodine  with  half  its  weight  of  potassium  iodide 
dissolved  in  alcohol.  Benzene  and  carbon  disulphide  dissolve  it  abun- 
dantly, producing  fine  violet-red  solutions,  which  deposit  the  iodine,  if 
allowed  to  evaporate  spontaneously,  in  minute  rhombic  octahedral 
crystals  aggregated  into  very  beautiful  fern-like  forms.  If  an  extremely 
weak  aqueous  solution  of  iodine  be  shaken  with  a little  carbon  di- 
sulphide, the  latter  will  remove  the  iodine  from  the  solution,  and,  on 
standing,  will  fall  to  the  bottom  of  the  liquid,  having  a beautiful  red 
colour.  By  dissolving  a large  quantity  of  iodine  in  carbon  disulphide,  a 
solution  is  obtained  which  is  perfectly  opaque  to  rays  of  light,  though  it 
allows  heat-rays  to  pass  freely,  and  is  therefore  of  great  value  in  physical 
experiments.  A solution  of  iodine  in  carbon  tetrachloride  is  also  used 
for  the  same  purpose. 

Existing,  as  iodine  does,  in  very  minute  quantity  in  the  water  from 
various  natural  sources,  it  would  often  be  overlooked  if  the  chemical 
analyst  did  not  happen  to  possess  a test  of  the  most  delicate  description 
for  it.  Iodine,  in  the  uncombined  state,  dyes  starch  of  a beautiful  blue 
colour,  as  may  be  proved  by  heating  a grain  or  two  of  the  element  with 
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water,  and  adding  to  the  cold  solution  a little  thin  starch  (see  p.  57),  or 
by  placing  a minute  fragment  of  iodine  in  a stoppered  bottle,  and  sus- 
pending in  it  a piece  of  paper  dipped  in  thin  starch.  This  test,  however, 
though  sensitive  to  the  smallest  quantity  of  free  iodine,  gives  no  indica- 
tion whatever  with  iodine  in  combination,  as  it  always  exists  in  nature  ; 
in  order,  therefore,  to  test  for  iodine,  a little  starch-paste  is  added  to  the 
suspected  liquid,  and  then  a drop  of  a weak  solution  of  chlorine,  which 
will  set  free  the  iodine,  and  cause  the  production  of  the  blue  colour.  It 
is  necessary,  however,  carefully  to  avoid  adding  too  much  chlorine,  since 
it  would  immediately  destroy  the  colour  of  the  iodised  starch.  If,  then, 
a very  little  sulphurous  acid  be  added,  the  blue  tint  returns,  and  is  again 
bleached  by  more  sulphurous  acid.*  Alkalies  also  bleach  it,  and  the 
colour  of  a mixture  of  the  iodised  starch  with  water  is  removed  by  heat- 
ing, but  returns  in  great  measure  when  the  solution  cools.  The  starch 
appears  to  be  only  dyed  by  the  iodine,  and  not  combined  with  it ; on 
shaking  the  blue  iodised  starch  for  some  time  with  CS„,  the  blue  colour 
is  removed,  and  the  red  solution  of  iodine  in  CS„  is  obtained. 

Though  very  closely  connected  with  chlorine  and  bromine  in  its  general 
chemical  relations,  there  are  several  points  in  the  history  of  iodine  which 
cause  it  to  stand  out  in  marked  contrast  by  the  side  of  these  elements. 
The  attraction  which  binds  it  to  hydrogen  and  the  metals  is  certainly 
weaker  than  that  exerted  by  chlorine  and  bromine,  so  that  either  of  these 
is  capable  of  displacing  it  from  its  compounds,  and  its  bleaching  properties 
are  very  feeble.  Cl,  uniting  with  H,  produces  22,000  heat-units;  Br 
produces  13,500,  but  I absorbs  800.  Hence  HI  is  much  less  stable  than 
HBr  or  HC1.  On  the  other  hand,  iodine  exhibits  a more  powerful 
tendency  to  unite  with  oxygen ; for  boiling  nitric  acid  converts  it  into 
iodic  acid  (HIOa),  though  this  oxidising  agent  would  not  affect  chlorine 
or  bromine. 

Some  of  the  compounds  of  iodine  with  the  metals  are  remarkable  for  their 
beautiful  colours.  The  mercuric  iodide,  produced  by  mixing  solutions  of  potassium 
iodide  and  mercuric  chloride,  forms  a fine  scarlet  precipitate,  which  dissolves  in 
an  excess  of  potassium  iodide  to  a colourless  solution. 

Lead  iodide  has  a bright  yellow  colour,  as  may  be  seen  by  precipitating  potas- 
sium iodide  with  a solution  of  lead  acetate.  The  precipitate  is  dissolved  by 
boiling  with  water  (especially  on  adding  a little  hydrochloric  acid),  forming  a 
colourless  solution,  from  which  the  lead  iodide  crystallises  in  very  brilliant 
golden  scales  on  cooling.  Silver  iodide  is  produced  as  a yellow  precipitate  when 
silver  nitrate  is  added  to  potassium  iodide.  The  bromide  and  chloride  of  silver 
would  form  white  precipitates.  Silver  iodide  is  more  stable  than  the  chloride  or 
bromide ; when  exposed  to  light  it  appears  to  be  unchanged,  but  if  a reducing 
agent,  such  as  ferrous  sulphate  or  pyrogallin,  be  afterwards  poured  over  it,  that, 
portion  of  the  iodide  which  has  been  exposed  to  light  is  immediately  blackened, 
from  the  separation  of  silver  in  the  metallic  state.  This  is  the  principle  of  the 
process  for  developing  the  negative  photograph  taken  on  a collodion  film  rendered 
sensitive  by  silver  iodide.  The  iodides  of  potassium,  ammonium,  and  cadmium 
are  also  used  in  photography. 

Iodous  oxide,  I203,  and  iodic  oxide,  I205,  are  formed  when  ozone  acts  upon 
iodine.  Iodous  oxide  is  a yellow,  very  light  powder,  which  is  deliquescent,  and  is 
decomposed  by  water  into  iodic  acid  and  iodine.  It  is  decomposed  suddenly  into 
its  elements  at  130°  C. 

126.  Iodic  acid,  HI03,  is  most  easily  prepared  by  boiling  iodine  with 
the  strongest  nitric  acicl  in  a long-necked  flask,  when  it  is  dissolved 

* The  following  equations  explain  these  changes  : — 

(1)  KI  + (J1  = KOI  + I ; (2)  I + 3H2O  + Cl5  = HI03  + 5HCI ; 

(3)  2HIO3  + 5H2SO3  = 5H2SOi  + I2  + H20 ; (4)  B + HgO  + H08O3  = 2HI  + H2SO4. 
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n the  form  of  iodic  acid,  which  is  left,  on  evaporating  the  nitric  acid,  as 
a white  mass.  This  may  be  purified  by  dissolving  in  water  and  crystal- 
lising, when  the  iodic  acid  forms  white  hexagonal  tables,  which  have  the 
composition  HI03.Aq.  Heated  to  266°  F.  (130°  C.)  they  become  HI03, 
and  at  360°  F.  (182°  C.)  the  iodic  acid  is  decomposed  into  water  and 
iodic  anhydride,  2TII03  = H„0  + I305.  This  last  is  decomposed  at  about 
700°  F.  (37 1 ° C.)  into  iodine  and  oxygen.  The  iodic  anhydride  oxidises 
combustible  bodies,  but  not  with  any  great  violence.  The  acid  is  far 
more  stable  than  chloric  and  bromic  acids.  Its  solution  first  reddens 
litmus-paper,  and  afterwards  bleaches  it  by  oxidation.  Its  salts,  the 
iodates,  are  less  easily  soluble  in  water  than  the  chlorates  and  bromates, 
which  they  resemble  in  their  oxidising  action  upon  combustible  bodies. 
They  are  all  decomposed  by  heat,  evolving  oxygen,  and  sometimes  even 
iodine,  shoving  how  much  inferior  this  element  is  to  chlorine  and 
bromine  in  its  attraction  for  metals.  The  iodates  exhibit  some  re- 
markable irregularities  in  their  composition. 

Periodic  acid,  II 10,,  is  obtained  from  the  basic  sodium  periodate  formed  by 
passing  chlorine  through  a mixture  of  sodium  iodate  and  sodium  hydrate,  when 
the  latter  is  decomposed,  its  sodium  being  abstracted  by  the  chlorine,  whilst 
its  oxygen  converts  the  iodic  acid  into  periodic  acid;  NaI03  + 3NaH0  + CL,— 
2NaCl  + NaI04.NaH0.H.,0  (basic  sodium  periodate). 

This  periodate  is  deposited,  being  sparingly  soluble  in  water,  a most  unusual 
circumstance  with  sodium  salts.  By  dissolving  it  in  nitric  acid,  and  adding  silver 
nitrate,  a basic  silver  periodate  is  obtained,  which  is  yellow  when  precipitated 
from  cold,  and  red  from  hot  solutions.  When  the  silver  salt  is  dissolved  in  nitric 
acid,  it  is  decomposed  into  silver  nitrate,  which  remains  in  solution,  and  normal 
silver  periodate,  AgI04,  which  is  deposited  in  crystals.  When  this  is  boiled  with 
water,  it  again  yields  the  insoluble  basic  periodate,  and  periodic  acid  is  found  in 
the  solution.  On  evaporating  the  solution,  the  periodic  acid  is  deposited  in 
prismatic  crystals  having  the  composition  PII04.2Aq,  which  are  decomposed 
at  about  320°  F.  ; 2HI04.2Aq  = I207-f  3H20.  The  l20,is  decomposed  into  1,0 r>  and 
02  at  400 J F.  The  solution  of  periodic  acid,  of  course,  exhibits  oxidising  pro- 
perties. 

Periodic  acid  is  formed  when  perchloric  acid  acts  on  iodine;  HC104  + I = 
HI04  + C1.  Calcium  periodate  is  precipitated  when  iodine  or  potassium  iodide  is 
boiled  with  solution  of  chloride  of  lime. 

The  periodates  are  remarkable  for  their  sparing  solubility  in  water : they  are 
easily  decomposed  by  heat,  like  the  iodates.  It  will  Have  been  remarked  in  the 
above  account  of  the  preparation  of  periodic  acid,  that  this  acid  exhibits  a great 
tendency  to  the  formation  of  basic  salts,  whilst  iodic  acid  is  remarkable  for  its 
acid  salts. 

Ihere  are  some  reasons  for  regarding  the  crystallised  periodic  acid  as 
IO(HO)3(HO)2,  in  which  the  hydrogen  of  the  two  last  HO  groups  only  is  replace- 
able by  metals,  so  that  the  acid  is  dibasic. 


I27-  Hydriodic  acid  (HI  = 128  parts  by  weight  = 2 volumes). — Iodine 
vapour  combines  with  hydrogen,  under 
the  influence  of  heated  platinum,  to 
form  hydriodic  acid  gas.  The  gas  is  best 
prepared  by  decomposing  water  with 
iodine  in  the  presence  of  phosphorus  : 

6H,0  + IG  + P2  = 6III  + 2P(HO)3. 

100  grains  (or  6.5  grms.)  of  potassium  iodide 
are  dissolved  in  50  grains  (or  3 c.c.)  of  water 
in  a retort  (fig.  182),  and  200  grains  (or  13 
grms.)  of  iodine  are  added ; when  this  has  _ _ 

dissolved,  10  grains  (or  0.65  arm.)  of  amor-  Fig.  1S2  — Preparation  of 

phous  phosphorus  are  introduced,  and  the  hydriodic  acid, 

mixture  heated  very  gradually,  the  gas  being  collected  by  downward  displace- 


i;8 


HYDRIODIO  ACID. 


ment  in  stoppered  bottles,  which  must  be  placed  in  readiness,  as  the  gas  comes 
off  very  rapidly.  These  quantities  will  fill  four  pint  bottles  with  the  gas. 

Hydrioclic  acid  gas  is  very  similar  in  its  properties  to  hydrochloric 
and  hydrobroinic  acids,  fuming  strongly  in  moist  air,  very  readily 
absorbed  by  water,  liquefied  only  under  strong  pressure,  and  solidified 
by  extreme  cold.  It  is  much  heavier,  its  specific  gravity  being  4.44. 
If  a bottle  of  hydrioclic  acid  gas  be  placed  in  contact  with  a bottle 
containing  chlorine  or  bromine  vapour  diluted  with  air  (fig.  146)  it 
will  be  instantly  decomposed,  with  separation  of  the  beautiful  violet 
vapour  of  iodine. 

The  aqueous  solution  of  hydrioclic  acid  is  most  conveniently  prepared 
by  passing  hydrosulpliuric  acid  gas  through  water  in  which  iodine  i 
suspended,  IT.,S  + 12  = 2 IT  I + S,  the  separated  sulphur  being  filtered  oil, 
and  the  solution  boiled  to  expel  the  excess  of  hydrosulpliuric  acid. 
J3y  this  method,  it  is  not  possible  to  obtain  a solution  of  ITI  of 
greater  sp.  gr.  than  1.56  (whereas  the  strongest  is  1.99),  for  the  re- 
action stops  when  the  heat  produced  by  the  absorption  of  the  gas  by 
water  is  just  equal  to  the  heat  absorbed  in  the  formation  of  HI. 
Strong  solution  of  hydrioclic  acid  converts  sulphur  into  H,S.  Solu- 
tion of  hydrioclic  acid  differs  greatly  from  hydrochloric  and  hydro- 
bromic  acids,  in  being  decomposed  by  exposure  to  air,  its  hydrogen 
being  oxidised  and  iodine  separated,  which  dissolves  in  the  liquid,  and 
renders  it  brown. 

This  tendency  of  the  hydrogen  of  liydriodic  acid  to  combine  with 
oxygen  renders  that  acicl  a powerful  reducing  agent.  It  is  even  capable 
of  converting  sulphuric  acicl  into  hydrosulpliuric  acid — 

H2S04  + SHI  = H.,S  + 4H20  + Is, 
so  that  when  potassium  iodide  is  heated  with  concentrated  sulphuric 
acid,  hydrosulpliuric  acid  is  evolved  in  considerable  quantity. 

The  action  of  hydrioclic  acicl  upon  the  metals  and  their  oxides  is 
generally  similar  to  that  of  the  other  hydrogen  acids.  In  organic 
chemistry,  hydrioclic  acicl  is  often  employed  for  removing  oxygen  and 
replacing  it  by  hydrogen. 

When  potassium  is  heated  in  a measured  volume  of  gaseous  hydri- 
odic  acid,  the  iodine  is  removed,  and  the  hydrogen  occupies  half  the 
original  volume.  Hence  1 volume  of  hydrogen  is  combined  with 
1 volume  of  iodine  vapour  in  2 volumes  of  hydriodic  acid. 

Like  chlorine  and  bromine,  iodine  is  capable  of  displacing  hydrogen 
from  many  organic  compounds,  and  of  taking  its  place ; but  its  action 
in  this  respect  is  much  feebler.  The  circumstance  that  the  organic 
compounds  containing  iodine  are  generally  much  less  volatile,  and 
therefore  more  manageable,  than  those  of  chlorine  and  bromine,  leads 
to  the  extensive  employment  ’of  this  element  in  researches  upon  organic 

substances.  . . 

With  olefiant  gas,  iodine  forms  a crystalline  solid  compound  (C,H4I„) 

corresponding  to  Dutch  liquid  (p.  96). 

Carbon  tetra-iodide,  CI„  is  obtained  by  decomposing  carbon  tetra- 
chloride with  aluminium  iodide,  in  presence  of  carbon  disulphide.  It 
forms  octahedral  crystals  which  are  very  unstable. 

128.  Iodide  of  nitrogen. — The  action  of  chlorine,  bromine,  and  iodine 
upon  ammonia  exemplifies  the  difference  in  their  attraction  for  hydro- 
gen • for  -whilst  chlorine  and  bromine,  acting  upon  ammonia,  cause 
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the  liberation  of  a certain  amount  of  nitrogen,  iodine  simply  removes 
two-thirds  of  the  hydrogen,  and  itself  fills  up  the  vacancies  thus 
occasioned,  no  nitrogen  being  liberated,  NH,  + I,  = NHI„  4-  2 HI,  the 
hydriodic  acid  thus  formed  combining  with  more  ammonia  to  form 
ammonium  iodide. 

To  prepare  the  iodide  of  nitrogen,  20  grains  (or  1.3  grin.)  of  iodine  are  rubbed 
to  powder  in  a mortar  and  mixed  with  half  a fluid  ounce  (or  14  c.c.)  of  stron°- 
ammonia  : the  mortar  is  covered  with  a glass  plate,  and  after  about  half  an  hour 
the  iodide  of  nitrogen  is  collected  in  separate  portions  upon  four  filters,  which  are 
allowed  to  drain  and  spread  out  to  dry.  The  brown  solution  contains  iodine 
dissolved  in  ammonium  iodide. 

Another  method  consists  in  dissolving  iodine  in  a mixture  of  hydrochloric  with 
a little  nitric  acid,  with  the  aid  of  heat,  and  adding  ammonia,  which  decomposes 
the  IC1  in  solution,  and  gives  a black  precipitate  of  the  iodide  of  nitrogen. 

The  iodide  is  a black  powder,  which  explodes  with  a loud  report 
even  when  touched  with  a feather,  emitting  fumes  of  hydriodic  acid 
and  purple  vapour  of  iodine : its  explosion  is  probably  represented  by 
the  equation  XHI2  = X + HI  + I,  its  violence  being  accounted  for  by 
the  sudden  evolution  of  a large  volume  of  gas  and  vapour  from  a small 
vqlume  of  solid.  Even  when  allowed  to  fall  from  the  height  of  a few 
feet  upon  the  surface  of  water,  it  explodes  if  perfectly  dry.  In  the 
moist  state  it  slowly  undergoes  decomposition. 

TV  hen  dry  X H,  gas  is  passed  over  iodine  cooled  by  ice,  iodammonium 
iodide , (XH3I)I,  is  produced. 

129.  Iodine  forms  two  compounds  with  chlorine,  monochloride  (ICl) 
and  trichloride  (IC13).  The  former  is  obtained  by  distilling  1 part 
of  iodine  with  4 parts  of  potassium  chlorate,  as  a brown  liquid  which 
is  reluctant  to  solidify,  though  it  then  fuses  at  240  C.  and  boils  at 
101 0 C. 

The  trichloride  forms  fine  red  needle-like  crystals,  and  is  produced 
when  iodine  or  hydriodic  acid  gas  is  acted  upon  with  an  excess  of  chlo- 
rine. . ICl,  has  been  obtained  in  red  octahedra  by  the  spontaneous  decom- 
position of  ICl.  The  chlorides  of  iodine  are  decomposed  by  water,  yield- 
ing HI03,  HC1,  and  iodine.  From  the  aqueous  solution  of  ICl,  ether 
extracts  a yellow  volatile  compound  having  the  composition  IC1.HC1. 

Iodine  bromide,  IBr,  is  a crystalline  solid  resembling  iodine,  fusing 
at  36  C.  and  subliming  with  partial  decomposition.  (Water  decomposes 
it,  iodine  being  separated. 


FLUORIXE. 

F=  19  parts  by  weight. 

1 3°-  The  most  ornamental  mineral  substance  occurring  in  any  abund- 
ance in  this  country  is  known  as  jluor  spar  or  Derbyshire  spar  (fluoride 
of  calcium),  and  is  found  with  several  beautiful  shades  of  colour — blue, 
purple,  violet,  or  green,  and  sometimes  perfectly  colourless,  either  in  large 
masses  or  in  crystals,  which  have  the  form  of  a cube  or  of  some  solid 
derived  from  it.  The  use  of  this  mineral  as  a flux  in  smelting  ores  dates 
from  a very  remote  period,  and  from  this  use  the  name  fluor  appears  to 
have  been  originally  derived ; but  we  have  no  record  of  its  chemical 
examination  till  about  a century  since,  when  Margraf  found  his  glass 
retort  powerfully  corroded  in  distilling  this  mineral  with  sulphuric  acid, 
and  Scheele  soon  after  announced  that  it  contained  lime  send  fluoric  acid. 
But  though  this  chemist  had  fallen  into  the  error  to  which  analysts 
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so  great, 


are  continually  liable,  of  mistaking  products  for  educts,  his  experiments, 
as  they  were  afterwards  perfected  by  Gay-Lussac  and  Thenard,  deserve 
particular  consideration. 

13 1.  Hydrofluoric  acid  (HF  = 20  parts  by  weight  = 2 volumes).* — If 
powdered  fluor  spar  be  mixed  with  twice  its  weight  of  oil  of  vitriol,  and 
heated  in  a leaden  retort  (fig.  183),  the  neck  of  which  fits  tightly  into  a 
leaden  condensing-tube,  cooled  in  a mixture  of  ice  and  salt,  a colourless 
liquid  distils  over,  and  the  residue  in  the  retort  is  found  to  consist 
of  calcium  sulphate;!  CaF,  + H2S04  = CaS04  + 2HF.  The  colourless 

liquid  (hydrofluoric  acid)  possesses  most 
remarkable  properties  ; it  is  powerfully 
acid,  fumes  strongly  in  the  air,  and  has 
a most  pungent  irritating  odour.  If  the 
air  is  at  all  warm,  the  liquid  begins  to 
boil  when  taken  out  of  the  freezing  mix- 
ture. Should  the  operator  have  the  mis- 
fortune to  allow  a drop  to  fall  upon  his 
hand,  it  will  produce  a very  painful  sore, 
even  its  vapour  producing  pain  under  the 
finger  nails.  Its  attraction  for  water  is 
the  acid  hisses  like  red-hot  iron  when  brought  in 
contact  with  it.  But  its  most  surprising  property  is  that  of  rapidly 
corroding  glass,  which  has  already  been  alluded  to  as  noticed  by 
Margraf.  Experiment  soon  proved  that  great  analogy  existed 
between  the  properties  of  this  new  acid  and  those  of  hydrochloric 
acid ; and  Ampere  was  led  to  believe  that  the  acid  was  a hydrogen- 
acid,  containing  a new  salt  radical,  which  he  named  fluorine ; the  name 
of  the  acid  was  then  changed  from  fluoric  to  hydrofluoric  acid. 

This  liquid  has  since  been  proved  to  be  a solution  of  hydrofluoric  acid 
in  water ; for  if  it  be  distilled  with  phosphoric  anhydride,  which  retains 
the  water,  it  evolves  hydrofluoric  acid  gas,  which  resembles  hydrochloric 
acid  gas  in  fuming  strongly  on  contact  with  moist  air  and  being  eagerly 
absorbed  by  water,  but  has  a far  more  pungent  odour. 

Pure  hydrofluoric  acid  is  prepared  by  heating  dry  potassium  hydro- 
fluate  (KHF„)  to  redness  in  a platinum  still.  It  is  then  obtained  as  a 
colourless  liquid,  which  boils  at  67°  F.  (190  C.),  and  has  the  specific 
o-ravity  0.988  at  550  F.  It  solidifies  at  - 102°  0.  and  melts  again  at 
- 9 20.  The  pure  acid  scarcely  affects  metals,  excepting  potassium  and 
sodium.  It  corrodes  glass,  however,  rapidly,  though  its  vapour  has 
little  action  on  glass  unless  moisture  is  present.  It  combines  eagerly 
with  sulphuric  and  phosphoric  anhydrides,  with  great  evolution  of  heat, 
a circumstance  in  which  it  resembles  water,  and  differs  altogether  from 
its  more  obvious  analogue,  hydrochloric  acid.  It  is  also  found  that  it 
combines  energetically  with  the  fluorides  of  potassium  and  sodium, 
precisely  as  water  combines  with  the  oxides  of  those  metals. 

1 It  is  remarkable  that  the  solution  of  hydrofluoric  acid,  in  its  concen- 
trated form,  is  not  so  heavy  as  a somewhat  weaker  acid.  Thus  the  acid 
of  sp.  gr.  1.06  acquires  the  sp.  gr.  1.15  on  addition  of  a little  water;  but 

* From  some  determinations  of  tlie  specific  gravity  of  the  vapour  at  low  temperatures 
Mallet  considers  the  molecule  to  be  H2F*  = 40,  and  to  undergo  dissociation  into  aHFat 
temperatures  approaching  100°  0. 
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advantageously 


PT  e mineral  Wite  (fluoride  of  aluminium  and  sodium)  may  be  ac 
substituted  for  fluor  spar,  being  more  easily  obtained  in  a pure  state.  E or  preparing  the 
acid  on  a large  scale,  iron  retorts  are  employed. 
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on  adding  more  water,  its  sp.  gr.  is  again  reduced.  It  would  lienee 
appear  that  the  acid  of  i . 1 5 is  a definite  hydrate  of  hydrofluoric  acid ; 
its  composition  corresponds  to  HF.2H20.  It  distils  unchanged  at 
248°  F.  ( 1 200  C.).  The  solution  is  generally  kept  in  bottles  made  of 
gutta-percha. 

The  action  of  hydrofluoric  acid  upon  metals  and  their  oxides  resembles 
that  of  hydrochloric  acid.  It  dissolves  all  ordinary  metals  except  gold, 
platinum,  silver,  mercury,  and  lead.  Strange  to  say,  it  has  but  little 
action  on  magnesium. 

The  property  which  renders  this  acid  so  useful  to  the  chemist  is  its 
power  of  dissolving  silica  even  in  its  most  refractory  form.  When  sand 
or  flint  reduced  to  powder  is  digested  in  a leaden  or  platinum  vessel 
with  hydrofluoric  acid,  it  is  gradually  dissolved ; and  if  the  solution 
be  evaporated,  the  whole  of  the  silica  will  be  found  to  have  disappeared 
in  the  form  of  gaseous  silicon  tetrafluoride ; SiO.,  + 4ITF  = SiF,  -+-  211,0. 
If  the  silica  be  combined  with  a base,  the  metal  will  be  left  as  a fluoride, 
decomposable  by  sulphuric  or  hydrochloric  acid.  This  renders  hydro- 
fluoric acid  a most  valuable  agent  in  the  analysis  of  the  numerous 
mineral  silicates  which  resist  the  action  of  other  acids. 

The  corrosion  of  glass  by  hydrofluoric  acid  is  now  easily  explained. 
Ordinary  glass  consists  of  silicate  of  sodium  or  potassium  combined  with 
silicate  of  calcium  or  lead.  The  hydrofluoric  acid  attacks  and  removes 
the  silica,  and  thus  eats  its  way  into  the  glass. 

In  order  to  demonstrate  the  action  of  this  acid  upon  glass,  a glass  plate  is 
warmed  sufficiently  to  melt  wax,  a piece  of  which  is  then  rubbed  over  it,  until 
the  glass  is  covered  with  a thin  and  pretty  uniform  coating.  Upon  this  a word 
or  drawing  may  be  engraved  with  a sharp  point  so  that  the  lines  shall  expose  the 
glass.  A mixture  of  powdered  fluor  spar  with  concentrated  sulphuric  acid  is 
then  poured  over  it,  and  allowed  to  remain  for  a quarter  of  an  hour ; the  acid 
mixture  is  washed  off,  and  the  plate  gently  warmed  to  melt  the  wax,  which  may 
be  wiped  off  with  a little  tow,  when  it  will  be  found  that  the  hydrofluoric  acid 
evolved  from  the  mixture  has  corroded  those  portions  of  the  glass  from  which 
the  graver  had  removed  the  wax.  It  has  been  attempted  to  apply  this  process  to 
the  production  of  engravings,  but  the  brittleness  of  the  plate  has  formed  a very 
serious  obstacle. 

If  a leaden  or  platinum  dish  be  at  hand,  it  is  better  to  place  the  glass  to  be 
etched  over  the  dish  containing  the  mixture  of  fluor  spar  and  sulphuric  acid 
exposed  to  a very  gentle  heat. 

The  solution  of  hydrofluoric  acid  etches  glass  without  deadening  the 
surface,  as  is  the  case  with  the  vapour ; but  a solution  of  fluoride  of 
potassium  or  ammonium  mixed  with  sulphuric  acid  does  produce  a dead 
surface,  and  is  much  used  for  engraving  on  glass.  An  ink  sold  for 
writing  on  glass  with  a steel  pen  is  composed  of  barium  and  ammonium 
fluorides  and  sulphuric  acid. 

1 32-  Fluorine  isolated. — Many  ingenious  experiments  have  been  made 
in  order  to  obtain  fluorine  in  the  separate  state,  but  it  was  found  that 
it  invariably  combined  with  some  portion  of  the  material  of  the  vessel 
in  which  the  operation  was  conducted.  The  most  successful  of  the 
early  attempts  to  isolate  fluorine  appears  to  have  been  made,  at  the 
•suggestion  of  Davy,  in  a vessel  of  fluor  spar  itself,  which  could  not,  of 
course,  be  supposed  to  be  in  any  way  affected  by  it.  At  last,  fluorine 
has  been  obtained  in  the  pure  state  by  decomposing  hydrofluoric  acid 
by  the  galvanic  current.  The  acid  having  been  very  carefully  obtained 
pure,  a little  potassium  hydrofluoride  was  dissolved  in  it  to  improve  its 
conducting  power,  and  it  was  subjected  to  the  action  of  the  current  in 
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;i  U-tube  of  platinum,  down  the  limbs  of  which  the  electrodes  were 
inserted  ; the  negative  electrode  was  a rod  of  platinum,  and  the  positive 
was  made  of  an  alloy  of  platinum  with  io  per  cent,  of  iridium.  The 
U-tube  was  provided  with  stoppers  of  flu  or  spar  and  platinum  delivery 
tubes  for  the  gases,  and  was  cooled  to  — 230  C.  The  gaseous  fluorine 
which  was  extricated  at  the  positive  electrode  was  colourless,  and  pos- 
sessed the  properties  of  chlorine,  but  much  more  strongly  marked.  It 
decomposed  water  immediately,  seizing  upon  its  hydrogen,  and  liberating 
oxygen  in  the  ozonised  condition ; it  exploded  with  hydrogen,  even  in 
the  dark,  and  combined,  with  combustion,  with  most  metals  and  non- 
metals,  even  with  boron  and  silicon  in  their  crystallised  modifications. 
Carbon,  however,  was  not  attacked  by  it. 

Fluorides. — Solutions  of  the  fluorides  of  potassium  and  the  other 
alkali  metals  corrode  glass  slowly,  like  hydrofluoric  acid.  The  fluorides 
are  capable  of  combining  with  the  acid ; thus  potassium  fluoride  forms 
KF.HF,  which,  when  dry,  is  a convenient  source  of  hydrofluoric  acid 
gas  when  moderately  heated.  The  only  fluoride  possessed  of  much 
practical  interest  beside  the  fluoride  of  calcium,  is  the  mineral  Jcryolite 
( Kpvos , frost),  which  is  a double  fluoride  of  aluminium  and  sodium 
(Na3AlF6),  found  abundantly  in  Greenland,  and  valuable  as  a source  of 
aluminium  and  soda.  The  topaz  contains  fluorine,  but  in  what  form  of 
combination  is  not  certain  ; its  other  constituents  are  alumina  and 
silica.  Tourmaline  also  contains  fluorine,  together  with  alumina,  silica, 
and  FeO.  In  such  minerals  it  is  probable  that  the  fluorine  replaces 
part  of  the  oxygen. 

Magnesium  fluoride  (MgF,)  forms  the  mineral  Sellaite  which  is  found, 
crystallised,  in  Savoy.  Fluorides  are  also  found,  though  in  very  small 
quantity,  in  sea  water,  and  they  have  been  discovered  in  plants  and 
animals.  Human  bone  contains  about  2 per  cent,  of  calcium  fluoride. 

Ho  compound  of  fluorine  with  oxygen  is  known. 

133.  Silicon  tetrajluoride  (SiF4  = 104  parts  by  weights  2 volumes). — 
If  a mixture  of  powdered  fluor  spar  and  glass  be  heated,  in  a test-tube 
or  small  flask,  with  concentrated  sulphuric  acid,  a gas  is  evolved  which 
has  a very  pungent  odour,  and  produces  thick  white  fumes  in  contact 
with  the  air* : it  might  at  first  be  mistaken  for  hydrofluoric  acid,  but  if 
a glass  rod  or  tube  be  moistened  with  water  and  exposed  to  the  gas,  the 
wet  surface  becomes  coated  with  a white  film,  which  proves,  on  examina- 
tion, to  be  silica.  This  result  originated  the  belief  that  the  gas  consisted 
of  fluoric  (now  hydrofluoric)  acid  and  silica ; but  Davy  corrected  this 
view  by  showing  that  it  really  contained  no  oxygen,  and  consisted  solely 
of  silicon  and  fluorine.  The  gas  is  now  called  silicon  tetrafluoride,  and 
represents  silica  in  which  the  oxygen  has  been  displaced  by  fluorine  : 
the  change  of  places  between  these  two  elements  in  the  above  experiment 
is  represented  by  the  subjoined  equation — 

2CaF„  + SiO,,  + 2H,SO,  = 2CaS0.,  + SiF4  + 2H.O. 

Fluor  Silica".  Sulphuric  acid.  Calcium  Silicon 
Spar,  sulphate,  tetrafluoride. 

The  formation  of  the  crust  of  silica  upon  the  wetted  surface  of  the 
glass  is  due  to  a decomposition  which  takes  place  between  the  tetra- 
fluoride and  the  water,  in  which  the  oxygen  and  fluorine  again  change 
places;  SiF4  + 2lT.,0  = SiO„  + 4HF.  Since  this  latter  equation  shows 
that  hydrofluoric  acid  is  again  formed,  it  would  be  expected  that  the 

* SiF*  becomes  solid  at  - 1020  C.,  and,  at  a higher  temperature,  evaporates  without  fusing. 
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glass  beneath  the  deposit  of  silica  would  be  found  corroded  by  the  acid ; 
this,  however,  is  not  the  case,  and  when  the  experiment  is  repeated  upon 
a somewhat  larger  scale,  so  that  the  water  which  has  acted  upon  the 
gas  may  be  examined,  it  will  be  found  to  hold  in  solution,  not  hydro- 
fluoric acid,  but  an  acid  which  has  little  action  upon  glass,  and  is  com- 
posed of  hydrofluoric  acid  and  silicon  fluoride,  so  that  the  hydrofluoric 
acid  produced  when  water  acts  upon  the  fluoride,  combines  with  a portion 
of  the  latter  to  produce  the  new  acid  2HF.SiF4,  or  H2SiFc,  hydrofluo- 
silicic  acid. 

For  the  preparation  of  silicon  tetraflnoride,  1 oz.  (or  30  grms.)  of  fluor  spar 
and  an  equal  weight  of  powdered  glass  are  mixed  together,  and  heated  in  a 
Florence  flask,  with  7 oz.  (measured)  (or  200  c.c.)  of  oil  of  vitriol,  the  gas  being- 
collected  in  dry  bottles  by  downward  displacement  (see  fig.  169,  p.  155).  If  a 
little  of  the  gas  be  poured  from  one  of  the  bottles  into  a flask  filled  up  to  the 
neck  with  water,  the  surface  of  the  latter  will  become  covered  with  a layer  of 
silica,  so  that  if  the  flask  be  quickly  inverted,  the  water  will  not  pour  from  it, 
and  will  seem  to  have  been  frozen.  In  a similar  manner,  a small  tube  filled  with 
water  and  lowered  into  a bottle  of  the  gas,  will  appear  to  have  been  frozen  when 
withdrawn.  A stalactite  of  silica  some  inches  in  length  may  be  obtained  by 
allowing  water  to  drip  gently  from  a pointed  tube  into  a bottle  of  the  gas. 
Characters  written  on  glass  with  a wet  brush  are  rendered  opaque  by  pouring 
some  of  the  gas  upon  them. 

134.  ILydrofluo-silicic  acid , or  silico- fluoric  acid  (H2SiF(.  = 144  parts 
by  wreight). — This  acid  is  obtained  in  solution  by  passing  silicon  tetra- 
fluoride  into  water  ; 3&iF4  + 2H20  = 2lT2SiFG  + Si02. 

The  gas  must  not  be  passed  directly  into  the  water,  lest  the  separated 
silica  should  stop  the  orifice  of  the  tube,  to  prevent  which  the  latter 
should  dip  into  a little  mercury  at  the  bottom  of  the  water,  when  each 
bubble,  as  it  rises  through  the 
mercury  into  the  water,  will 
become  surrounded  with  an  en- 
velope of  gelatinous  silica,  and 
if  the  bubbles  be  very  regular, 
they  may  even  form  tubes  of 
silica  extending  through  the 
whole  height  of  the  water. 

Crystals  of  H„SiF(,.2 Aq  have 
been  obtained  by  passing  SiF4 
into  solution  of  HF. 

For  preparing  hydrofluo-silicic 
acid,  it  will  be  found  convenient  to 
employ  a gallon  stoneware  bottle 
(fig.  184),  furnished  with  a wide  tube 
dipping  into  a cup  of  mercury  placed 
at  the  bottom  of  the  water.  1 lb.  (or 
500  grms. ) of  finely  powdered  fluor 
spar,  1 lb.  of  fine  sand,  and  64 
measured  ounces  (or  2 litres)  of  oil 
of  vitriol  are  introduced  into  the 
bottle,  which  is  gently  heated  upon  a sand-bath,  the  gas  being  passed  into  about 
5 pints  (or  3 litres)  of  water.  After  six  or  seven  hours  the  water  will  have  become 
pasty,  from  the  separation  of  gelatinous  silica.  It  is  poured  upon  a filter,  and 
when  the  liquid  has  drained  through  as  far  as  possible,  the  filter  is  wrung  in  a 
cloth,  to  extract  the  remainder  of  the  acid  solution,  which  will  have  a sp.  gr.  of 
about  1.078. 

A dilute  solution  of  hydrofluo-silicic  acid  may  he  concentrated  by 
evaporation  up  to  a certain  point,  when  it  begins  to  decompose,  evolving 
fumes  of  silicon  tetrafluoride,  hydrofluoric  acid  remaining  in  solution 


Fig.  184. — Preparation  of  hydrofluo-silicic 
acid. 
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and  volatilising  in  its  turn  if  the  heat  be  continued.  Of  course  the 
solution  corrodes  glass  and  porcelain  when  evaporated  in  them.  If  the 
solution  of  hydrofluo-silicic  acid  be  neutralised  with  potash,  and  stirred, 
a.  very  characteristic  crystalline  precipitate  of  potassium  silico-fluoride 
is  formed — 

H2SiFB  4-  2KHO  = K2SiFc  ( Potassium  silico-fluoride ) + 2Ho0. 

But  if  an  excess  of  potash  be  employed,  a precipitate  of  gelatinous 

silica  will  be  separated,  potassium  fluoride  remaining  in  the  solution 

H.,SiF6  + 6KHO  = 6KF  + 4H.,0  + SiO„. 

One  of  the  chief  uses  of  hydrofluo-silicic  acid  is  to  separate  the  potas- 
sium from  its  combination  with  certain  acids,  in  order  to  obtain  these 
in  the  separate  state. 

SLF,.  is  a solid  obtained  by  passing  SiF4  gas  over  fused  silicon. 

1 35-  Boron  trifluoride  (BF3)  may  be  prepared  by  a process  similar  to  that  em- 
ployed for  silicon  fluoride,  but  it  is  also  obtained  by  strongly  heating  a mixture 
of  powdered  boric  anhydride  with  twice  its  weight  of  fluor  spar  in  an  iron  tube: 
3CaF2  + B20;i  = 3CaO  + 2BF3. 

The  boron  liuoride  is  a gas  which  fumes  strongly  in  moist  air,  like  the  silicon 
fluoride.  It  is  absorbed  eagerly  by  water,  with  evolution  of  heat.  One  volume 
of  water  at  o C.  is  capable  of  dissolving  1057  volumes  of  boron  fluoride,  produ- 
cing a corrosive  heavy  liquid  (sp.  gr.  1.77)1  which  fumes  in  air,  and  chars  organic 
substances  on  account  of  its  attraction  for  water.  This  solution  is  known  as 
fluoboric  or  borofluoric  acid,  and  its  formation  is  explained  by  the  equation — 

2BF3  + 3H20  = B.,03.6HF  (Fluoboric  acid). 

When  the  solution  is  heated,  it  evolves  boron  fluoride,  until  its  specific  gravity 
is  reduced  to  1.58,  when  it  distils  unchanged. 

Hydrofluoboric  acid  is  obtained  in  solution  by  adding  a large  quantity  of  water 
to  fluoboric  acid;  2(B203.6HF)  = H3B0S  + 3H20  + 3HBF4  ( Hydrofluoboric  acicl 

This  acid  resembles  the  hydrofluo-silicic ; its  hydrogen  may  be  exchanged  for 
metals  to  form  borofluoricles. 

136.  General  revieio  of  chlorine,  bromine,  iodine,  and  fluorine. — These 
four  elements  compose  a natural  group,  the  members  of  which  are  con- 
nected by  the  similarity  of  their  chemical  properties  far  more  closely 
than  those  of  any  other  group  of  elements.  They  are  usually  styled  the 
halogens,  from  their  tendency  to  produce  salts  resembling  sea  salt  in 
their-  composition  (SXs,  the  sea),  and  such  salts  are  called  haloid  salts . 
These  elements  are  also  called  salt-radicals,  from  then-  property  of 
forming  salts  by  direct  union  with  the  metals.  Each  of  these  elements 
is  monatomic,  and  combines  with  an  equal  volume  of  hydrogen  to  form 
an  acid  which  occupies  the  joint  volumes  of  its  constituents. 

The  halogens  also  supply  the  most  prominent  example  of  the  grada- 
tion in  properties  sometimes  observed  among  the  members  of  the  same 
natural  group  of  elements. 

In  the  order  of  their  chemical  energy,  that  is,  of  the  force  with  which 
they  hold  other  elements  in  chemical  combination  with  them,  fluorine 
should  stand  first,  its  combining  energy  being  so  great  as  to  cause  a 
serious  difficulty  in  isolating  it ; chlorine  would  rank  next,  then  bromine, 
and  iodine  last. 

The  atomic  weights  follow  the  inverse  order  of  their  chemical  energies : 
fluorine,  19;  chlorine,  35.5  ; bromine,  80;  iodine,  127 — numbers  which, 
of  course,  also  represent  their  relative  specific  gravities  in  the  state  of 
vapour. 

A similar  gradation  is  observed  in  their  physical  state  and  colour,, 
fluorine  being  a colourless  gas,  chlorine  a yellow  gas,  bromine  a red 
liquid  boiling  at  63°  C.,  and  iodine  a black  solid  boiling  at  200"  C. 
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Even  in  the  exceptions  which  occur  to  the  order  of  chemical  energy- 
above  alluded  to,  the  same  progression  is  noticed : thus  fluorine  has  so 
little  attraction  for  oxygen  that  no  oxide  is  known ; chlorine  has  less 
attraction  for  oxygen  than  bromine  (chloric  acid  being  less  stable  than 
bromic),  whilst  bromine  has  less  than  iodine,  which  is  capable  even  of 
uniting  directly  with  ozonised  oxygen. 

The  compounds  of  these  elements  with  hydrogen  are  all  gases  distin- 
guished by  a powerful  attraction  for  moisture  and  great  similarity  of 
odour. 

Their  potassium  salts  all  crystallise  in  the  same  (cubical)  form. 

The  silver  fluoride  is  deliquescent  and  soluble  in  water ; the  chloride 
is  insoluble  in  water,  but  dissolves  very  easily  in  ammonia  ; the  bromide 
dissolves  with  some  difficulty  in  ammonia ; and  the  iodide  is  insoluble. 
In  some  other  particulars,  fluorine  stands  apart  from  the  other  halogens  ; 
thus  the  fluoride  of  calcium  is  a very  insoluble  substance,  whilst  the 
chloride,  bromide,  and  iodide  are  very  soluble. 

Hydi’ofluoric  acid  forms  KHF.„  which  corresponds  in  composition  to 

KITO. 
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S = 32  parts  by  weight  = 1 volume  (at  iooo°  C.). 


137.  Sulphur  is  i-emarkable  for  its  abundant  occurrence  in  nature  in 
the  uncombined  state,  in  many  volcanic  districts.  It  is  also  found,  as 
sulphuretted  hydrogen,  in  many  mineral  waters,  and  very  abundantly 
in  combination  with  metals,  forming  the  numerous  ores  known  as  sul- 
phurets  or  sulphides , of  which  the  following  are  the  most  abundant : — 


Iron  pyrites,  Iron  disulphide,  FeS., 

Copper  pyrites,  Sulphide  of  iron  and  copper,  Cu.,S.Fe.,S.t 

Galena,  Sulphide  of  lead,  PbS 

Blende,  Sulphide  of  zinc,  ZnS 

Crude  antimony,  Sulphide  of  antimony,  Sb.,S.. 

Cinnabar,  Sulphide  of  mercury,  HgS. 


Sulphur  is  plentifully  distributed  also,  in  combination  with  oxygen 
and  a metal,  in  the  form  of  sulphates,  of  which  the  most  conspicuous 
are — 


Gypsum, 
Heavy  spar, 
Celestine, 
Epsom  salts, 
Glauber’s  salt, 


Sulphate  of  calcium, 
Sulphate  of  barium, 
Sulphate  of  strontium, 
Sulphate  of  magnesium, 
Sulphate  of  sodium, 


CaS04.2H.,0 

BaSO, 

SrS04 

MgS04.7H.,0 
Na.,S04.  ioH.,0. 


In  plants,  sulphur  is  also  found  in  the  form  of  sulphates,  and  as  a 
constituent  of  the  vegetable  albumen  (of  which  it  foiuns  about  1.5  per 
cent.)  present  in  the  sap.  It  is  also  contained  in  certain  of  the  essential 
oils  remai'kable  for  their  peculiar  pungent  odour,  such  as  those  of  garlic 
and  mustard. 

In  animals,  sulphur  occurs  as  sulphates,  as  a constituent  of  albumen, 
fibrin,  and  casein  (in  neither  of  which  does  it  exceed  2 per  cent.) ; and 
in  bile,  one  of  the  products  from  which,  taurine,  contains  25  per  cent, 
of  sulphur. 

For  our  supplies  of  sulphur  we  are  chiefly  indebted  to  Sicily,  where 
large  quantities  of  it  are  found  in  an  uncombined  state  in  beds  of  blue 
clay.  Magnificent  crystalline  masses  of  strontium  sulphate  are  often 
found  associated  with  it;  the  sulphur  itself  sometimes  cecui’s  in  the 
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action  of  heat.  When  the  ores  contain  more  than  12  per  cent,  of  sul- 
phur, the  bulk  of  it  is  melted  out,  the  ore  being  thrown  into  rough 
furnaces  or  cauldrons  with  a little  fuel,  and  smothered  up  with  earth, 
so  as  to  prevent  the  combustion  of  the  sulphur,  which  runs  down  in  the 
liquid  state  to  the  bottom  of  the  cauldron,  and  is  drawn  out  into  wooden 
moulds.*  But  when  the  proportion  of  sulphur  is  small,  the  ore  is 


Fig.  186. — Sulphur  refinery. 

heated  so  as  to  convert  the  sulphur  into  vapour,  which  is  condensed  in 
another  vessel.  The  operation  is  conducted  in  rows  of  earthen  jars 
(A,  fig.  185)  heated  in  a long  furnace,  and  provided  with  short  lateral 
pipes,  which  convey  tlie  sulphur  into  similar  jars  (Bj  standing  outside 
the  furnace,  in  which  the  vapour  of  sulphur  condenses  in  the  liquid 

* High  pressure  steam  has  been  applied  with  advantage  for  melting  the  sulphur  out  of 
the  ores,  which  are  enclosed  in  an  iron  vessel ; or  the  ores  are  heated  111  a boiler  with  a 
66  per  cent,  solution  of  calcium  chloride  at  1200  C.  The  sulphur  is  sometimes  extracted 
by  dissolving  it  with  carbon  disulphide.  When  sulphur  ores  containing  calcium  sulphate 
are  distilled,  part  of  the  sulphur  is  lost  as  sulphur  dioxide,  which  goes  off  as  gas 
’ 1 CaSOt  + S2  = CnS  + 2S02. 
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form  of  transparent  yellow  octahedra,  hut  more  frequently  in  opaque 
amorphous  masses.  The  districts  in  which  sulphur  is  found  are  usually 
volcanic,  and  those  which  border  the  Mediterranean  are  particularly 
rich  in  it.  Sulphur  has  also  been  found  in  Iceland  and  California. 

The  native  sulphur  being  commonly  distributed  in  veins  through 
masses  of  gypsum  and  celestine,  has  to  be  separated  from  these  by  the 
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state,  and  flows  out  into  pails  of  water.  The  sulphur  obtained  by  this 
process  is  imported  as  rough  sulphur , and  contains  3 or  4 per  cent,  of 
earthy  impurities.  In  order  to  separate  these,  it  is  redistilled,  in  this 
country,  in  an  iron  retort  (A,  fig.  186),  from  which  the  vapour  is  con- 
ducted into  a large  brick  chamber  (B),  upon  the  sides  of  which  it  is 
deposited  in  the  form  of  a pale  yellow  powder  {flowers  of  sulphur,  or 
sublimed  sulphur ).  When  the  operation  has  been  continued  for  some 
time,  the  walls  of  the  chamber  become  sufficiently  hot  to  melt  the 
sulphur,  which  is  allowed  to  collect,  and  afterwards  cast  in  wooden 
moulds,  forming  roll  sulphur  or  brimstone.  Distilled  sulphur  is  obtained 
by  allowing  the  vapour  to  pass  from  the  retort  into  a small  receiving- 
vessel  (C)  cooled  by  water,  where  it  condenses  in  the  liquid  state : this 
variety  of  sulphur  is  preferred  for  the  manufacture  of  gunpowder,  for 
reasons  which  will  be  stated  hereafter. 


Fig.  187.— Distillation  of 
sulphur. 


Sulphur  is  readily  distilled  on  a small  scale  in  aFlorence  flask  (fig.  187),  another 
flask  cut  off  at  the  neck  being  employed  as  a re- 
ceiver. The  flask  containing  the  sulphur  should  be 
supported  upon  a thin  iron  wire  triangle,  and  heated 
by  a gauze  burner,  at  first  gently,  and  afterwards 
to  the  full  heat.  Flowers  of  sulphur  will  at  first 
condense  in  the  receiver,  and  will  be  followed  by 
distilled  sulphur  when  the  temperature  increases. 

A slight  explosion  of  the  mixture  of  sulphur  vapour 
and  air  may  take  place  at  the  commencement  of 
the  distillation.  An  ounce  of  sulphur  may  be  dis- 
tilled in  a few  minutes. 

We  are  by  no  means  entirely  dependent 
upon  Sicily  for  sulphur,  for  this  element  can 
be  easily  extracted  from  iron  and  copper 
pyrites,  both  of  which  are  found  abundantly  in  this  country. 

Iron  pyrites  forms  the  yellow  metallic-looking  substance  which  is 
often  met  with  in  masses  of  coal,  sometimes  in  distinct  cubical  crystals, 
and  which  is  to  be  picked  up  in  large  quantities  on  some  sea-beaches, 
where  it  occurs  in 
rounded  nodules,  rusty 
outside,  but  having  a 
line  radiated  metallic 
fracture.  When  this 
mineral  is  strongly 
heated,  it  gives  up  part 
of  its  sulphur ; at  a very 
high  temperature  one- 
half  of  the  sulphur  may 
be  separated,  FeS.,  = 

FeS  + S,  but  * by  an 
ordinary  furnace  heat 
only  about  one-fourtli 
can  be  obtained.  The 
distillation  of  iron  pyrites 
is  sometimes  effected  in 
conical  fireclay  vessels  (fig.  188)  closed  at  the  wider  end,  and  stopped 
towards  the  other  with  a perforated  plate,  to  allow  the  passage  of  the 
sulphur  vapour.  Each  vessel  contains  100  lbs.  of  pyrites,  and  yields 
J4  lbs.  of  sulphur. 


Fig.  188. — Furnace  for  distillation  of  sulphur 
from  pyrites. 
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Hie  sulphur  obtained  in  this  way  lias  a green  colour,  due  to  the 
presence  of  a little  sulphide  of  iron  carried  over  mechanically  during 
the  distillation  : in  order  to  purify  it,  it  is  melted  and  allowed  to  cool 
slowly,  when  the  sulphide  of  iron  subsides  : the  upper  portion  of  the 
mass  is  then  further  purified  by  distillation. 

Sulphur  may  also  be  obtained  from  copper  pyrites  (Cu„S.Fe2S3)  in  the 
process  of  roasting  the  ore,  previously  to  the  extraction  of  the  copper. 
The  ore  is  heaped  up  into  a pyramid,  the  base  of  which  is  about  30  feet 
square  : a layer  of  powdered  ore  is  placed  at  the  bottom,  to  prevent  too 
rapid  access  of  air : above  this  there  is  a layer  of  brushwood  : a wooden 
chimney  is  placed  in  the  centre,  and  is  made  to  communicate  with  air- 
passages  left  between  the  faggots : around  this  chimney  the  large  frag- 
ments of  the  ore  are  piled  to  a height  of  about  8 feet,  and  a layer  of 
powdered  ore,  about  1 2 inches  deep,  is  strewn  over  the  whole.  The  heap 
contains  about  2000  tons  of  pyrites,  and  will  yield  20  tons  of  sulphur. 
The  fire,  being  kindled  by  dropping  lighted  faggots  down  the  chimney, 
burns  very  slowly,  because  of  the  limited  access  of  air,  and  after  a few 
days  sulphur  is  seen  to  exude  from  the  surface,  and  is  received  in  cavities 
made  for  the  purpose  in  different  parts  of  the  heap.  The  roasting 
requires  five  or  six  months  for  its  completion.  In  this  operation  a part 
of  the  sulphur  has  been  separated  by  the  mere  action  of  heat,  and 
another  part  has  been  displaced  by  the  oxygen  of  the  air,  which  has 
converted  a portion  of  the  iron  into  an  oxide.  A part  of  the  separated 
sulphur  has  been  burnt,  the  rest  having  escaped  combustion  on  account 
of  the  limited  access  of  air. 

The  sulphur  extracted  from  pyrites  is  generally  found  to  contain  a little 
arsenic,  which  is  frequently  associated  with  those  minerals.  Immense 
quantities  of  sulphur  are  consumed  in  this  country  for  the  manufacture 
of  sulphuric  acid,  gunpowder,  lucifer  matches,  vulcanised  caoutchouc,  and 
for  making  the  sulphurous  acid  gas  employed  in  bleaching  processes. 

Much  sulphur  has  recently  been  extracted  from  the  tank-waste  of  the 
alkali  works,  by  a process  which  will  be  described  in  the  manufacture  of 
carbonate  of  soda. 

138.  Properties  of  sulphur. — In  its  ordinary  forms  sulphur  has  a 
characteristic  yellow  colour,  though  milk  of  sulphur,  or  precipitated  sul- 
phur (obtained  by  adding  an  acid  to  the  solution  of  sulphur  in  an  alkali), 
is  white.  It  suffers  electrical  disturbance  with  remarkable  facility,  so 
that  when  powdered  in  a dry  mortar  it  clings  to  it  with  great  pertinacity. 

Finely  divided  sulphur,  especially  sublimed  sulphur,  is  gradually 
oxidised  and  converted  into  sulphuric  acid  when  exposed  to  moist  air. 

One  of  the  most  remarkable  features  of  sulphur  is  its  inflammability, 
due  to  its  tendency  to  combine  with  oxygen  at  a moderately  elevated 
temperature.  It  melts  at  115°  C.  (239°  F.),  and  inflames  at  about  260°  C. 
(500°  F.),  burning  with  a pale  blue  flame,  and  emitting  the  well-known 
suffocating  odour  of  sulphurous  acid  gas  (S02).  The  changes  in  the 
physical  condition  of  this  element  under  the  influence  of  heat  are  very 
extraordinary.  If  a quantity  of  sulphur  be  introduced  into  a Florence 
flask  and  subjected  to  a gradually  increasing  heat  (fig.  189),  it  is  soon 
converted  into  a pale  yellow  limpid  liquid  (120°  C.),  the  colour  of  which 
becomes  gradually  brown  as  the  temperature  rises,  until,  at  about  1 80°  C., 
it  is  nearly  black  and  opaque,  and  is  so  viscid  that  the  flask  may  be 
inverted  without  spilling  it : at  this  point  the  temperature  of  the  sulphur 
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remains  stationary  for  a time,  notwithstanding  that  it  is  still  over  the 
flame,  showing  that  heat  is  becoming  latent  in  converting  the  sulphur 
into  the  new  modification.  On  continuing  the  heat  the  sulphur  once 
more  becomes  liquid  at  260°  C.,  though  not  so 
mobile  as  at  first,  and  at  a much  higher  tempera- 
ture, 4440  C.  (836°  F.),  it  boils,  and  is  converted 
into  a brownish  red,  very  heavy  vapour : at  this 
point  of  the  experiment  an  explosion  of  the  nrix- 
tui'e  of  sulphur  vapour  with  air  often  takes  place. 

The  flask  may  now  be  removed  from  the  flame, 
and  a little  of  the  sulphur  poured  into  a vessel  of 
water,  through  which  it  will  descend  in  a con- 
tinuous stream,  forming  a soft  elastic  string  like 
india-rubber : the  portion  remaining  in  the  flask 
will  be  observed,  as  it  cools,  to  pass  again  through 
the  same  states,  becoming  viscid  at  1808  C.,  and 
very  liquid  at  120°  C. ; another  portion  may  now  be 
poured  into  water,  through  which  it  will  fall  in  isolated  drops,  solidify- 
ing into  yellow  brittle  crystalline  buttons  of  ordinary  sulphur.  As  the 
portion  of  sulphur  left  in  the  flask  cools,  it  will  be  found  to  deposit 
small  tufts  of  crystals,  and  ultimately  to  solidify  altogether  to  a yellow 
crystalline  mass. 

The  brown  ductile  sulphur,  when  kept  for  a few  hours,  will  become 
yellow  and  brittle,  passing,  in  great  measure,  spontaneously  into  the 
crystalline  sulphur.  The  change  is  accelerated  by  a gentle  heat,  and  is 
attended  with  evolution  of  the  heat  which  the  sulphur  was  found  to 
absorb  at  180°  C.  Both  these  varieties  of  sulphur  are  of  course  insoluble 
in  water,  and  they  are  not  dissolved  to  any  great  extent  by  alcohol  and 
ether ; but  these,  when  heated,  will  dissolve  enough  to  be  deposited  in 
white  silvery  needles  on  cooling.  Glacial  acetic  acid  also  dissolves 
sulphur,  and  deposits  it  in  needles.  If  the  crystalline  variety  be  shaken 
with  a little  carbon  disulphide,  it  rapidly  dissolves,  and  on  allowing  the 
solution  to  evaporate  spontaneously,  it  deposits  beautiful  octahedral 
crystals,  resembling  those  of  native  sulphur  (fig.  190).  Ductile  sulphur, 
however,  is  insoluble  in  carbon  disulphide. 

When  flowers  of  sulphur  are  shaken  with  carbon  disulphide,  a con- 
siderable quantity  passes  into  solution,  the  remainder  consisting  of  the 
amorphous,  or  insoluble  sulphur.  Roll  sulphur  dissolves  to  a greater 
extent,  and  sometimes  entirely,  in  the  disulphide,  and  distilled  sulphur 
is  always  easily  soluble. 

The  soluble  and  insoluble  forms  of  sulphur  appear  to  represent  distinct 
chemical  varieties  of  the  element.  When  a solution  of  liydric  sulphide 
(H2S)  is  decomposed  by  the  galvanic  battery,  the  hydrogen,  as  would  be 
expected,  is  separated  at  the  negative  pole,  and  the  sulphur  at  the  positive 
pole  (p.  1 x ).  The  sulphur,  therefore,  was  the  electro-negative  element  of 
the  compound.  This  sulphur  is  soluble  in  carbon  disulphide.  When 
an  acid  is  added  to  a solution  of  an  alkaline  sulphide  containing 
more  than  one  atom  of  sulphur,  the  excess  of  the  latter  is  precipi- 
tated, and  is  then  also  found  to  be  soluble  in  carbon  disulphide ; for  it 
played  an  electro-negative  part  towards  the  metal  with  which  it  was  in 
combination. 

When  sulphurous  acid  is  decomposed  by  the  battery,  the  sulphur  is 
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separated  at  the  negative  pole,  showing  that  it  played  an  electro-positive 
part  in  the  sulphurous  acid.  This  electro-positive  sulphur  is  insoluble  in 
carbon  disulphide.  The  sulphur  in  the  chloride  of  sulphur  (>S,C1.,)  also 
plays  an  electro-positive  part,  and  accordingly  when  this  compound  is 
decomposed  by  water,  the  sulphur  which  separates  is  insoluble  in  carbon 
disulphide.  The  existence  of  these  two  forms  of  sulphur  affords  some 
support  to  the  theory  of  the  dual  constitution  of  the  elements  noticed  at 
p.  56.  When  a beam  of  solar  light  is  thrown  by  a lens  through  a solu- 
tion of  sulphur  in  carbon  disulphide,  a precipitation  of  insoluble  sulphur 
takes  place  in  the  track  of  the  beam. 

The  electro-positive  sulphur  would  be  expected  to  manifest  a greater 
attraction  for  oxygen  than  the  electro-negative  variety,  and  accordingly 
it  is  found  to  be  far  more  easily  oxidised  by  nitric  acid.  Electro-positive 
or  insoluble  sulphur  is  converted  into  electro-negative  or  soluble  sulphur 
by  the  action  of  a moderate  heat,  itself  evolving  heat  during  the  process 
of  conversion  : when  melted  in  contact  with  sulphurous  acid  gas,  the 
soluble  sulphur  is  converted  externally  into  the  insoluble  form. 

Crystalline  or  soluble  sulphur  is  capable  of  existing  in  two  distinct 
forms.  The  natural  form  of  crystallised  sulphur  is  derived  from  the 

octahedron  with  a rhombic  base  (fig.  190), 
and  it  is  a modification  of  this  form  which 
sulphur  assumes  when  crystallised  from  its 
solutions.  But  if  sulphur  be  melted  in  a 
covered  crucible,  allowed  to  cool  until  the 
surface  has  congealed,  and  the  remaining 
liquid  portion  poured  out  after  piercing  the 
crust  (with  two  holes,  one  for  admission 
of  air),  the  crucible  will  be  lined  with 
beautiful  needles,  which  are  derived  from 
an  oblique  prism  (fig.  191).  These  crystals 
are  brownish-yellow  and  transparent,  when  freshly  made,  but  they 
soon  become  opaque  yellow  ; and  although  they  retain  their  prismatic 
appearance,  they  have  now  changed  into  minute  rhombic  octahedra,  the 
change  being  attended  with  evolution  of  lieat.#  On  the  other  hand,  if 
a crystal  of  octahedral  sulphur  be  exposed  for  a short  time  to  a tem- 
perature of  about  230°  E.  (no°  C.),  in  a boiling  saturated  solution  of 
common  salt,  for  example,  it  becomes  opaque,  in  consequence  of  the 
formation  of  a number  of  minute  prismatic  crystals  in  the  mass. 

Both  crystalline  forms  of  sulphur  may  be  obtained  at  the  same 
temperature  from  superfused  sulphur,  or  from  a supersaturated  solution 
of  sulphur  in  benzene,  by  dropping  in  a crystal  of  the  form  required. 

The  difference  between  these  two  forms  of  crystalline  sulphur  extends 
to  their  fusing  points  and  specific  gravities,  the  prismatic  sulphur  fusing 
at  248°  F.  ( 1 20°  C.),  and  the  octahedral  sulphur  at  2390  F.  (115°  C.), 
the  specific  gravity  of  the  prisms  being  1.98,  and  that  of  the  octahedra. 
2.05. 

Boll  sulphur,  when  freshly  made,  consists  of  a mass  of  oblique  pris- 
matic crystals,  but  after  being  kept  for  some  time,  it  consists  of  octa- 
hedra, although  the  mass  generally  retains  the  specific  gravity  proper  to 
the  prismatic  form.  This  change  in  the  structure  of  the  mass,  taking 

« Spring  bas  shown  that  a pressure  of  6000  atmospheres  converts  prismatic  sulphur 
and  plastic  sulphur  into  the  octahedral  variety. 


Fig.  190.  Fig.  191. 
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place  when  its  solid  condition  prevented  the  free  movement  of  the 
particles,  gives  rise  to  a state  of  tension  which  may  account  for  the 
extreme  brittleness  of  roll  sulphur.  If  a stick  of  sulphur  be  held  in  the 
warm  hand,  it  often  splits,  from  unequal  expansion.  These  peculiarities 
of  sulphur  deserve  careful  study,  as  helping  to  elucidate  the  spontaneous 
alterations  in  the  structure  of  glass,  iron,  Ac.,  under  certain  conditions. 

Flowers  of  sulphur  do  not  present  a crystalline  structure,  but  consist 
of  spherical  granules  composed  of  insoluble  sulphur  enclosing  soluble 
sulphur.  Hot  oil  of  turpentine  dissolves  sulphur  freely,  and  when  the 
solution  is  allowed  to  stand,  the  crystals  which  are  deposited  whilst  the 
solution  is  hot  have  the  prismatic  form,  but  as  it  cools,  octahedra  are 
separated. 

The  following  table  exhibits  the  chief  cdlotropic  forms  of  sulphur : — 


Sp.  gr. 

Fusing  point. 

In  Carbon  Disulphide. 

Octahedral  . . ) 

Electro-negative  . J 

2.05 

115“  c. 

Soluble. 

Prismatic 

Ductile  . . . j 

1.98 

1 20° 

Soluble. 

Amorphous  . . - 

Electro -positive  . j 

1.96 

Becomes  octahedral.  Insoluble. 

The  octahedral  is  by  far 

the 

most  stable  of 

the  three,  and  is 

the 

ultimate  condition  which  the  others  assume. 

Other  varieties  of  sulphur,  such  as  a black  and  a red  modification, 
have  been  described,  but  they  are  of  minor  importance. 

Sulphur  is  capable  of  entering  into  direct  combination  with  several 
other  elements.  It  unites  with  chlorine  and  with  some  of  the  metals, 
if  finely  divided,  even  at  the  ordinary  temperature,  and  it  is  capable  of 
combining  at  a high  temperature  with  all  the  non-metals  except  nitrogen, 
and  with  nearly  all  the  metals. 

A mixture  of  5 parts  of  iron-powder  ( ferrum  redaction ) and  3 parts  of  flowers 
of  sulphur  will  burn  when  kindled  by  a match,  leaving  a black  mass  of  ferrous 
sulphide.  Zinc- dust  mixed  with  half  its  weight  of  sul- 
phur also  burns  freely,  leaving  white  zinc  sulphide. 

The  so-called  Lemery’s  volcano  was  made  by  mixing 
iron  filings  with  two-thirds  of  their  weight  of  powdered 
sulphur,  and  burying  several  pounds  of  the  moist  mix- 
ture in  the  earth,  when  the  heat  evolved  by  the  rusting 
of  part  of  the  iron  provoked  the  energetic  combination 
of  the  remainder  with  the  sulphur,  and  the  consequent 
development  of  much  steam.*  Firework  compositions 
containing  iron  filings  and  sulphur  may  cause  ignition 
if  damp. 

Several  metals  may  be  made  to  burn  in  sulphur 
vapour,  as  in  oxygen,  by  heating  the  sulphur  in  a 
Florence  flask,  with  a gauze  burner,  so  as  to  keep  the 
flask  constantly  filled  with  the  brown  vapour.  Potas- 
sium and  sodium,  introduced  in  deflagrating  spoons, 
take  fire  spontaneously  in  the  vapour  (fig.  192).  A 
coil  of  copper  wire  glows  vividly  in  sulphur  vapour,  and 
becomes  converted  into  a brittle  mass  of  sulphide  of  copper.  When  sulphur  is  ex- 
posed to  sunshine  in  an  atmosphere  of  hydride  of  antimony  or  arsenic,  it  becomes 
converted  into  hydrosulphuric  acid  gas  and  sulphide  of  antimony  or  arsenic. 

Sulphur  dissolves,  though  slowly,  in  boiling  concentrated  nitric  and 
sulphuric  acids,  being  oxidised  by  the  former  into  sulphuric  acid,  and  by 


Fi° 


192. 


9 Jiust-joint  cement  is  a mixture  of  80  parts  irou  filings,  1 of  sal  ammoniac,  and  2 of  sul- 
phur, made  into  a paste  with  water  ; it  is  very  useful  for  making  the  joints  of  iron  tubes 
air-tight,  for  it  sets  into  a hard  cement,  tho  iron  combining  with  the  sulphur. 
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the  latter  into  sulphur  dioxide.  It  is  far  more  rapidly  converted  into 
sulphuric  acid  by  a mixture  of  nitric  acid  and  potassium  chlorate.  The 
alkalies  dissolve  sulphur  when  heated,  yielding  yellow  or  red  solutions 
which  contain  hyposulphites  and  sulphides  of  the  alkali  metals. 

There  is  a very  general  resemblance  in  composition  between  the  com- 
pounds of  sulphur  and  those  of  oxygen  with  the  same  elements. 

139.  Influence  of  temperature  upon  the  specific  gravity  of  gases  and 
vapours. — The  specific  gravity  of  a gas  or  vapour  being  defined  as  its 
weight  compared  with  that  of  an  equal  volume  of  dry  and  pure  air  at 
the  same  temperature  and  pressure,  it  might  be  supposed  that  so  long 
as  the  temperatures  were  equal,  their  actual  thermometric  value  would 
not  influence  the  specific  gravity.  Indeed,  with  those  gases  and  vapours 
which  are  condensible  with  difficulty,  this  is  actually  the  case.  Thus,  if 
equal  volumes  of  oxygen  and  air  be  weighed,  either  at  a low  or  a high 
temperature,  provided  their  temperatures  are  the  same,  their  weights 
will  always  stand  to  each  other  nearly  in  the  ratio  of  1.1057  : 1. 

But  with  many  vapours  it  is  found  that  if  they  be  weighed  at  tempera- 
tures too  nearly  approaching  to  their  condensing  points,  their  specific 
gravities  are  much  higher  than  they  are  found  to  be  at  higher  tempera- 
tures. Sulphur  affords  a very  well  marked  instance  of  this.  It  boils  at 
4440  C.,  and  if  its  vapour  be  weighed  at  a temperature  of  480°  C.,  it  is 
found  to  weigh  6.617  times  as  much  as  an  equal  volume  of  air  at  480°  C., 
so  that  it  is  96  times  as  heavy  as  hydrogen,  or  1 atom  of  sulphur  would 
occupy  ] volume.  But  if  the  vapour  of  sulphur  be  weighed  at  iooo°  C., 
it  is  found  to  weigh  only  2.23  times  as  much  as  an  equal  volume  of  ah' 
at  the  same  temperature  and  pressure,  so  that  it  is  only  32  times  as 
heavy  as  hydrogen,  and  1 atom  of  sulphur  occupies  1 volume. 

According  to  Troost,  the  sulphur  vapour  at  480°  C.  is  really  a con- 
densed molecule,  like  ozone,  since  its  specific  gravity  remains  unaltered 
under  diminished  pressure.  Ozone  = 0.,  = 2 vols.  Sulphur  at  480°  = 
S6  = 2 vols. 


Hydrosulphuric  Acid,  or  ITydric  Sulphide. 

IBS  = 34  parts  by  weight  = 2 volumes. 

140.  Sulphuretted  hydrogen , or  hydrin  sulphide , or  hydrosulphuric  acid, 
has  been  already  mentioned  as  occurring  in  some  mineral  waters,  as  at 
Harrogate.  It  is  also  found  in  the  gases  emanating  from  volcanoes, 
sometimes  amounting  to  one-fourth  of  their  volume.  It  is  a product  of 
the  putrefaction  of  organic  substances  containing  sulphur,  and  is  one  of 
the  causes  of  the  sickening  smell  of  drains,  &c.  Eggs,  which  contain  a 
considerable  proportion  of  sulphur,  evolve  sulphuretted  hydrogen  as  soon 
as  they  begin  to  change,  and  hence  the  association  between  this  gas  and 
the  “ smell  of  rotten  eggs.”  The  same  smell  is  observed  when  a kettle 
boils  over  upon  a coke  or  coal  fire,  the  hydrogen  liberated  from  the 
water  combining  with  the  sulphur  present  in  the  fuel. 

Hydrosulphuric  acid  is  also  found  among  the  products  of  destructive 
distillation  of  organic  substances  containing  sulphur;  it  was  mentioned 
among  the  products  from  coal,  in  which  it  is  for  the  most  part  combined 
with  the  ammonia  formed  at  the  same  time,  producing  ammonium 
sulphide. 

It  may  be  produced,  though  not  in  large  quantity,  by  the  direct  union 
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of  hydrogen  with  sulphur  vapour  at  a high  temperature,  or  by  passing 
a mixture  of  sulphur  vapour  and  steam  through  a tube  filled  with  red- 
hot  pumice  stone  (the  latter  encouraging  the  action  by  its  porosity). 
Hydrosulphuric  acid  is  more  readily  formed  by  heating  a damp 
mixture  of  sulphur  and  wood  charcoal,  and  may  be  obtained  in  large 
quantity  by  heating  a mixture 
of  equal  weights  of  sulphur  d 
and  tallow  or  paraffin  wax,  'Q 
the  latter  furnishing  the 
hydrogen. 

Preparation  of  hydrosul- 
pliuric  acicl. — For  use  in  the 
laboratory,  where  it  is  very 
largely  employed  in  testing 
for  and  separating  metals, 
hydrosulphuric  acid  is  gene- 
rally prepared  by  decompos- 
ing ferrous  sulphide  with 
diluted  sulphuric  acid — 

FeS  + H,SO.t  = H.,S  + FeSO.,. 

To  obtain  ferrous  sulphide,  a 
mixture  of  3 parts  of  iron  filings 
with  2 parts  of  flowers  of  sulphur 

is  thrown,  by  small  portions  at  a time,  into  an  earthen  crucible  (A,  fig.  193) 
heated  to  redness  in  a charcoal  fire,  the  crucible  being  covered  after  each  portion 
has  been  added.  The  iron  and  sulphur  combine,  with  combustion,  and  when 
the  whole  of  the  mixture  has  been  introduced,  the  crucible  is  allowed  to  cool, 
the  mass  of  ferrous  sulphide  broken  out,  and  a few  fragments  of  it  are  intro- 
duced into  a bottle  (fig.  194)  provided  with  a funnel 
tube  for  the  addition  of  the  acid,  and  a bent  tube 
for  conducting  the  gas  through  a small  quantity 
of  water,  to  remove  any  splashes  of  ferrous  sul- 
phate. From  the  second  bottle  the  gas  is  con- 
ducted by  a glass  tube  with  a caoutchouc  joint, 
either  down  into  a gas-bottle,  or  into  water,  or  any 
other  liquid  upon  which  the  gas  is  intended  to  act. 

The  fragments  of  ferrous  sulphide  should  be  covered 
with  enough  water  to  fill  the  gas-bottle  to  about 
one-third,  and  strong  sulphuric  acid  added  by 
degrees  through  the  funnel,  the  bottle  being  shaken 
until  effervescence  is  observed.  An  excess  of  strong 
sulphuric  acid  stops  the  evolution  of  gas  by  precipi- 
tating a quantity  of  white  anhydrous  ferrous  sulphate,  which  coats  the  sulphide 
and  defends  it  from  the  action  of  the  acid.  When  no  more  gas  is  required,  the 
acid  liquid  should  be  at  once  poured  away,  leaving  the  fragments  of  ferrous  sul- 
phide at  the  bottom  of  the  bottle  for  a fresh  operation.  The  liquid,  if  set  aside, 
will  deposit  beautiful  green  crystals  of  copperas  or  ferrous  sulphate  (FeS04.7H20). 

Since  the  ferrous  sulphide  prepared  as  above  generally  contains  a little  metallic 
iron,  the  sulphuretted  hydrogen  is  mixed  with  free  hydrogen,  which  does  not 
generally  interfere  with  its  uses.  The  pure  gas  may  be  prepared  by  heating 
antimony  sulphide  (crude  antimony)  in  a flask  with  hydrochloric  acid — 

Sb„S3  + 6HC1  = 3H2S  + 2SbCls. 

If  hydrochloric  acid  be  diluted  with  more  than  6 molecules  of  water,  it  is  not 
capable  of  decomposing  the  antimony  sulphide ; hence,  when  the  sulphide  is 
heated  with  an  acid  somewhat  stronger  than  this,  the  subsequent,  addition  of 
water  rcprecipitates  the  antimony  sulphide  with  the  orange  colour  which  it  always 
presents  when  precipitated. 

Properties  of  hydrosulphuric  acid. — This  gas  is  at  once  distinguished 

o 


Fig.  194. — Preparation  of 
hydrosulphuric  acid. 


Fig.  193. 
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from  all  others  by  its  disgusting  odour.  It  is  one-fifth  heavier  than 
air  (sp.  gr.  1.1912).  Its  gaseous  state  is  not  permanent,  but  a pressure 
of  1 7 atmospheres  is  required  to  reduce  it  to  a colourless  liquid,  which 
congeals  to  a transparent  solid  at  — 1220  F.  Water  absorbs  about  three 
times  its  volume  of  sulphuretted  hydrogen  at  the  ordinary  temperature ; 
both  the  gas  and  its  solution  are  feebly  acid  to  blue  litmus-paper.  The 
gas  is  very  combustible,  burning  with  a blue  flame  like  that  of  sul- 
phur, and  yielding,  as  the  chief  products,  water  and  sulphurous  acid 
gas,  H„S  + 03  = H20  + SO„ ; a little  sulphuric  acid  (HaS04)  is  also 
formed,  and  unless  the  supply  of  air  is  very  good,  some  of  the  sulphur 
will  be  separated ; thus,  if  a taper  be  applied  to  a bottle  filled  with 
sulphuretted  hydrogen,  a good  deal  of  sulphur  will  be  deposited  upon 
the  sides.  This  combustibility  of  sulphuretted  hydrogen  is  of  the 
greatest  importance  in  those  processes  of  chemical  manufacture  in 
which  this  gas  is  evolved  (as  in  the  preparation  of  ammoniacal  salts 
from  gas  liquors),  enabling  it  to  be  disposed  of  in  the  furnace  instead 
of  becoming  a nuisance  to  the  neighbourhood.  The  gas  causes  fainting 
when  inhaled  in  large  quantity,  and  appears  much  to  depress  the  vital 
energy  when  breathed  for  any  length  of  time  even  in  a diluted  state. 

When  dissolved  in  water,  hydrosulphuric  acid  is  slowly  acted  upon 
by  the  oxygen  of  the  air,  which  converts  its  hydrogen  into  water,  and 
causes  a white  deposit  of  (electro-negative  or  soluble)  sulphur. 

This  is  a great  drawback  to  the  use  of  this  indispensable  chemical  in  the  labora- 
tory, since  the  solution  of  hydrosulphuric  acid  is  so  soon  rendered  useless.  To 
obviate  it  as  far  as  possible,  the  solution  should  be  made  either  with  boiled  water 
(free  from  dissolved  air),  or  with  water  which  has  already  been  once  charged  with 
the  gas  and  spoilt  by  keeping,  for  all  the  oxygen  dissolved  in  this  water  will  have 
been  consumed  by  the  former  portion  of  gas.  The  gas  should  be  passed  through 
the  water  until,  on  closing  the  bottle  with  the  hand  and  shaking  violently,  the 
pressure  is  found  to  act  outwards,  showing  the  water  to-be  saturated  with  the 
gas.  By  closing  the  bottle  with  a greased  stopper,  and  inverting  it,  the  solution 
may  be  preserved  for  some  weeks,  even  though  occasionally  opened  for  use.  The 
solution  in  glycerin  keeps  better,  and  is  sold  as  a reagent. 

In  preparing -the  solution  of  hydrosulphuric  acid,  a certain  quantity  of  the  gas 
always  escapes  absorption.  To  prevent  this  from  becoming  a nuisance,  the  bottle 
containing  the  water  to  be  charged  with  gas  may  be  covered  with  an  air-tight 
caoutchouc  cap  having  two  tubes,  through  one  of  which  passes  the  glass  tube  con- 
veying the  gas  down  into  the  water,  and  through  the  other,  a tube  conducting  the 
excess  of  gas  either  into  a gas-burner,  where  it  may  be  consumed,  or  into  a solution 
of  ammonia  which  will  absorb  it,  forming  the  very  useful  ammonium  sulphide. 

A solution  of  magnesium  hydrosulphide,  Mg(HS)2,  is  sold  for  preparing  hydric 
sulphide  by  gently  heating  it. 

Concentrated  nitric  acid  acts  upon  hydric  sulphide,  oxidising  the 
hydrogen  and  a part  of  the  sulphur,  ammonium  sulphate  being  found 
in  the  solution,  and  a pasty  mass  of  sulphur  separated.  Chlorine, 
bromine,  and  iodine  at  once  appropriate  its  hydrogen  and  separate 
the  sulphur. 

Nitrous  acid  acts  very  readily  upon  hydric  sulphide,  yielding  much 
ammonia ; HO.NO  + 3H„S  - NH3  + 2H20  + S3. 

In  its  action  upon  the  metals  and  their  oxides,  hydrosulphuric  acid 
resembles  hydrochloric  and  the  other  hydrogen  acids.  Many  of  the 
metals  displace  the  hydrogen  and  form  metallic  sulphides.  This  usually 
requires  the  assistance  of  heat,  but  mercury  and  silver  act  upon  the 
gas  at  the  ordinary  temperature.  Thus,  if  hydric  sulphide  be  collected 
over  mercury,  the  surface  of  the  latter  becomes  coated  with  a black 
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film  of  mercurous  sulphide ; H2S  + Hg3  = II,  + IIg,S.  In  a similar  way 
the  surface  of  silver  is  slowly  tarnished  when  exposed  to  air  containing 
sulphuretted  hydrogen,  its  surface  being  covered  with  a black  film  of 
silver  sulphide.  It  is  on  this  account  that  silver  plate  is  so  easily 
blackened  by  the  air  of  towns.  An  egg  spoon  is  always  blackened  by 
the  sulphur  from  the  egg.  Silver  coins  kept  in  the  pocket  with  lucifer 
matches  are  blackened,  from  the  formation  of  a little  silver  sulphide. 
The  original  brightness  of  the  coin  may  be  restored  by  rubbing  it 
with  a solution  of  potassium  cyanide,  which  dissolves  the  silver  sul- 
phide. Friction  with  strong  ammonia  will  also  remove  the  tarnish,  and 
its  application  is  safer  than  that  of  the  poisonous  cyanide. 

When  heated  in  the  gas,  several  metals  displace  the  hydrogen 
from  it.  Thus,  potassium  acts  upon  it  in  a corresponding  manner 
to  that  in  which  it  acts  upon  water,  forming  potassium  hyclrosulphide 
(KHS). 

Tin  removes  the  whole  of  the  sulphur  from  hydrosulphuric  acid  at 
a moderate  heat  • Sn  + H2S  = H.,  + SnS. 

When  hydrosulphuric  acid  acts  upon  a metallic  oxide,  it  generally 
converts  it  into  a sulphide  corresponding  to  the  oxide,  whilst  the 
hydrogen  and  oxygen  unite  to  form  water.  Lead  oxide  in  contact 
with  the  gas  yields  black  lead  sulphide  and  water  ; PbO  + H2S  — 
PbS  + H„0.  Paper  impregnated  with  a salt  of  lead  is  used  as  a test 
for  the  presence  of  this  gas.  Thus,  if  paper  be  spotted  with  a solution 
of  lead  nitrate  (or  acetate)  it  will  indicate  the  presence  of  even  minute 
quantities  of  liydric  sulphide  (in  impure  coal  gas,  for  example)  by  the 
brown  colour  imparted  to  the  spots  ■ Pb(N03)2  + H2S  = 2HNO3  + PbS. 

It  is  in  this  manner  that  paints  containing  white  lead  (lead  carbonate) 
are  darkened  by  exposure  to  the  air  of  towns.  Cards  glazed  with  white 
lead,  and  engravings  on  paper  whitened  with  that  substance,  suffer  a 
similar  change.  Paintings,  whether  in  oil  or  water-colours,  in  which 
lead  is  an  ingredient,  are  also  injured  by  air  containing  sulphuretted 
hydrogen.  It  has  been  found  that  such  colours,  damaged  by  the  forma- 
tion of  lead  sulphide,  are  restored  by  the  continued  action  of  light  and 
air,  the  black  sulphide  becoming  oxidised  and  converted  into  the  white 
sulphate,  PbS  + 04  = PbS04.  In  the  dark  this  restoration  does  not  take 
place,  so  that  it  is  often  a mistake  to  screen  pictures  from  the  light  by 
a curtain. 

The  action  of  hydrosulphuric  acid  upon  the  chlorides  and  other  haloid 
salts  of  the  metals  generally  resembles  its  action  upon  the  oxides  of  the 
same  metals. 

Most  of  the  sulphides  of  the  metals,  like  the  corresponding  oxides, 
are  insoluble  in  water,  but  many  of  the  sulphides  are  also  insoluble  in 
diluted  acids  and  in  alkalies,  so  that  when  hydrosulphuric  acid  is 
brought  into  contact  with  the  solutions  of  metals,  it  will  often  precipi- 
tate the  metal  in  the  form  of  a sulphide  having  some  characteristic 
colour  or  other  property  by  which  the  metal  may  be  identified. 

Any  solution  of  lead  will  give  a blade  precipitate  with  solution  of  hydrosulphuric 
acid,  the  lead  sulphide  being  insoluble  in  diluted  acids  and  in  alkalies. 

A solution  of  antimony  (tartar-emetic,  for  example,  the  tartrate  of  antimony 
and  potassium),  mixed  with  an  excess  of  hydrochloric  acid,  gives  an  oranc/e- 
coloured  precipitate  (Sb2S3)  on  adding  hydrosulphuric  acid ; but  if  another  portion 
be  mixed  with  an  excess  of  potash  before  adding  the  hydrosulphuric  acid,  there 
will  be  no  precipitate,  for  the  antimony  sulphide  is  soluble  in  alkalies. 
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Cadmium  chloride  gives  a brilliant  yellow  precipitate  of  cadmium  sulphide  on 
adding  hydrosulphuric  acid. 

Zinc  sulphate  yields  a white  precipitate  of  zinc  sulphide  (ZnS),  but  if  a little 
hydrochloric  acid  be  previously  added,  no  precipitate  is  formed,  the  zinc  sulphide 
being  soluble  in  acids.  On  neutralising  the  hydrochloric  acid  with  ammonia,  the 
zinc  sulphide  is  at  once  precipitated. 

It  is  evident  that,  in  a solution  containing  cadmium  and  zinc,  the  metals  may 
be  separated  by  acidifying  the  liquid  with  hydrochloric  acid,  and  adding  excess 
of  hydrosulphuric  acid,  which  precipitates  the  cadmium  sulphide  only.  On 
filtering  the  solution,  and  adding  ammonia,  the  zinc  sulphide  is  precipitated. 

Sulphur-acids  and  sulphur- -bases. — Those  sulphides  which  ai’e  soluble 
in  the  alkalies  are  often  designated  sulphur-acids,  whilst  the  sulphides 
of  the  alkali  metals  are  sulphur-bases.  These  two  classes  of  sulphides 
combine  to  form  sulphur-salts  analogous  in  composition  to  the  oxygen- 
salts  of  the  same  metals.  Thus,  there  have  been  crystallised,  the  salts — 

Sodium  sulphostannate Na4SnS4 

,,  sulphantimoniate  ....  NaSbS3 

,,  sulpharseniate Na3AsS4 

The  action  of  air  upon  the  sulphides  of  the  metals  is  often  turned  to 
account  in  chemical  manufactures.  At  the  ordinary  temperature,  the 
sulphides  of  those  metals  which  form  alkaline  oxides  (such  as  sodium 
and  calcium),  when  exposed  to  the  air  in  the  presence  of  water,  yield 
first,  mixtures  of  the  hydrate  and  bisulphide,  2bla„S  + 0 + H,0  = 
Na2S2  + 2fSTaHO ; and  afterwards  the  hyposulphite,  Na,S2  4-  03  = Na,S,03. 
This  change  is  sometimes  turned  to  account  for  the  manufacture  of 
sodium  hyposulphite. 

When  the  metal  forms  a less  powerful  base  with  oxygen,  the  sul- 
phide is  often  converted  into  sulphate  by  exposure  to  moist  air ; thus, 
CuS  + 04  = CuS04,  which  is  taken  advantage  of  for  the  separation  of 
copper  from  tin  ores. 

The  black  ferrous  sulphide  (FeS),  when  exposed  to  moist  air,  becomes 
converted  into  red  ferric  oxide,  with  separation  of  sulphur,  2FeS  + 03  = 
p1e)(3  _ 4-  a change  which  enables  the  gas  manufacturer  to  revive,  by 

the  action  of  air,  the  ferric  oxide  employed  for  removing  the  sulphuretted 
hydrogen  from  coal  gas. 

When  roasted  in  air  at  a high  temperature,  the  sulphides  correspond- 
ing to  the  more  powerful  bases  are  converted  into  sulphates;  thus, 
ZnS  + 04  — ZnS04,  which  explains  the  production  of  zinc  sulphate  by 
roasting  blende.  But  in  most  cases  part  of  the  sulphur  is  converted  into 
sulphurous  acid  gas  at  the  same  time.  Cuprous  sulphide,  for  instance,  is 
partly  converted  into  cupric  oxide  by  roasting,  Cu„S  4 04  = 2C11O  + SO,, 
a change  of  great  importance  in  the  extraction  of  copper  from  its  ores. 

141.  Iiydric  persulphide. — The  composition  of  this  substance  is  not  yet  satis- 
factorily ascertained.  The  similarity  of  it’s  chemical  properties  to  those  of  hydric 
peroxide  prompts  the  wish  that  its  formula  may  be  H2S2.  Some  analyses,  how- 
ever, seem  to  lead  to  the  formula  H,Ss,  but  since  the  persulphide  is  a liquid 
capable  of  dissolving  free  sulphur,  which  is  not  easily  separated  from  it,  there  is 
much  difficulty  in  determining  the  exact  proportion  of  this  element  with  which 
the  hydrogen  is  combined. 

When  equal  weights  of  slaked  lime  and  sulphur  are  boiled  with  water,  an  orange- 
coloured  liquid  is  formed,  which  contains  calcium  hyposulphite,  calcium  disul- 
phide, and  calcium  pentasulphide  (CaS5) , 3Ua0  + S6  = CaS„0.|  + 2CaS2. 

When  hydrochloric  acid  is  added  to  the  filtered  solution,  an  abundant  precipita- 
tion of  sulphur  occurs,  and  much  hydrosulphuric  acid  is  evolved;  CaS,4  2HCl  = 
CaCl.  4-  H.  S 4-  S.  But  if  the  solution  be  poured  by  degrees  into  a slightly  warm 
mixture  of  hydrochloric  acid  with  twice  its  bulk  of  water,  and  constantly  stirred, 
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a yellow  heavy  oily  liquid  collects  at  the  bottom,  which  is  the  hydric  persulphide ; 
CaS,  -f  2IICI  = H2S,  (?)  + CaCl,.  The  acid  having  been  kept  in  excess,  the  per- 
sulphide has  been  preserved  from  the  decomposition  which  it  suffered  in  the 
presence  of  the  alkaline  solution  in  the  former  experiment.  For  the  hydric  per- 
sulphide very  closely  resembles  the  peroxide  in  the  facility  with  which  it  may  be 
decomposed  into  hydrosulphuric  acid  and  sulphur ; it  undergoes  spontaneous 
decomposition  even  in  sealed  tubfes,  and  the  hydrosulphuric  acid  then  becomes 
liquefied  by  its  own  pressure.  Most  of  the  substances,  the  contact  of  which 
promotes  the  decomposition  of  the  hydric  peroxide,  have  the  same  effect  upon 
the  persulphide.  This  compound  has  a peculiar  odour,  which  affects  the  eyes ; 
of  course,  its  vapour  is  mixed  with  that  of  hydrosulphuric  acid  resulting  from 
its  decomposition.  Its  specific  gravity  is  1.73. 

Oxides  of  Sulphur. 

142.  Only  two  important  compounds  of  sulphur  with  oxygen  have 
been  obtained  in  the  separate  state,  viz.,  sulphurous  anhydride  (SO,) 
and  sulphuric  anhydride  (S03).  Sulphur  sesquioxide  (S„03)  and  per- 
sulphuric  oxide  (8,0.)  have  also  been  obtained. 

Sulphur  Dioxide,  or  Sulphurous  Anhydride. 

SO,  = 64  parts  by  weight  — 2 volumes. 

143.  In  nature,  sulphurous  acid  gas  is  but  rarely  met  with  ; it  exists 
in  the  gases  issuing  from  volcanoes.  Although  constantly  discharged 
into  the  air  of  towns  by  the  combustion  of  coal  (containing  sulphur),  it 
is  so  easily  oxidised  and  converted  into  sulphuric  acid  that  no  con- 
siderable quantity  is  ever  found  in  the  atmosphere.  Sulphurous  acid 
gas  has  been  already  mentioned  as  the  sole  product  of  the  combustion 
of  sulphur  in  dry  air  and  oxygen,*  but  it  is  generally  prepared  for 
chemical  purposes  from  sulphuric  acid,  by  heating  it  with  metallic 
copper — 

2H,S04  (sulphuric  acid)  + Cu  = CuS04  (copper  sulphate)  + 2H,0  + SO,. 

300  grains  (or  20  grins.)  of  copper  clippings  are  heated  in  a Florence  flask  with 
4 oz.  (measured)  (or  noc.c.)  of  strong  sulphuric  acid,  the  gas  being  conducted  by 
a bent  tube  down  to  the  bottom  of  a dry  bottle  closed  with  a perforated  card 
(see  fig.  169,  p.  155).  Some  time  will  elapse  before  the  gas  is  evolved;  for  sul- 
phuric acid  acts  upon  copper  only  at  a high  temperature  ; but  when  the  evolution 
of  gas  fairly  commences,  it  will  proceed  very  rapidly,  so  that  it  is  necessary  to 
remove  the  flame  from  under  the  flask.  The  gas  will  contain  a little  suspended 
vapour  of  sulphuric  acid,  which  renders  it  turbid. 

When  the  operation  is  finished,  and  the  flask  has  been  allowed  to  cool,  it  will 
be  found  to  contain  a grey  crystalline  powder  at  the  bottom  of  a brown  liquid. 
The  latter  is  the  excess  of  sulphuric  acid  employed,  and  retains  very  little  copper, 
since  cupric  sulphate  is  insoluble  in  strong  sulphuric  acid.  If  the  liquid  be  poured 
off,  and  the  flask  filled  up  with  water,  and  set  aside  for  some  time,  the  crystalline 
powder  will  dissolve,  forming  a blue  solution  of  sulphate  of  copper,'  yielding  that 
salt  in  fine  prismatic  crystals  by  evaporation  and  cooling.  The  dark  powder 
remaining  undissolved  after  extracting  the  whole  of  the  sulphate,  consists  chiefly 
of  cuprous  sulphide  (Cu2S),  the  production  of  which  is  interesting,  as  showing  how 
far  the  de-oxidising  effect  of  the  copper  may  be  carried  in  this  experiment. 

Sulphur  dioxide  is  a very  heavy  (sp.  gr.  2.25)  colourless  gas,  charac- 
terised by  its  odour  of  burning  brimstone.  It  condenses  to  a clear  liquid 
at  o°  F.  (the  temperature  of  a mixture  of  ice  and  salt)  even  at  the 
ordinary  pressure  of  the  air,  and  has  been  frozen  to  a colourless  crystal- 
line solid  at  — 105°  F. 

The  liquefaction  of  the  gas  is  easily  exhibited  by  passing  it  down  to  the  bottom 

* According  to  Berthelot,  a uotable  quantity  of  SO3  is  produced  at  the  same  time. 
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of  a tube  (A,  fig.  195)  closed  at  one  end,  and  surrounded  with  a mixture  of 
pounded  ice  with  half  its  weight  of  salt.  The  tube  should  have  been  previously 
drawn  out  to  a narrow  neck  at  B,  which  may  afterwards  be  sealed  by  the  blow- 
pipe, the  lower  part  of  the  tube  being  still  surrounded  by  the  freezing  mixture, 
since  the  liquid  sulphur  dioxide  boils  at  - 8°  C.  The  tube  need  not  be  very  strong, 

for  at  the  ordinary  temperature  the  vapour  exerts  a 
pressure  of  only  2.5  atmospheres.  Liquid  sulphur 
dioxide  is  a convenient  agent  for  producing  (by  its 
rapid  evaporation)  the  low  temperature  ( — 39°  F.) 
required  to  effect  the  solidification  of  mercury.  A 
small  globule  of  this  metal  may  readily  be  frozen  by 
dropping  some  liquid  sulphur  dioxide  upon  it  in  a 
watch-glass  placed  in  a strong  draught  of  air.  The 
tube  containing  the  sulphur  dioxide  should  be  held  in 
a woollen  cloth  or  glove.  The  attractive  experiment 
of  freezing  water  in  a red-hot  crucible  may  also  be 
made  with  the  liquid.  A platinum  crucible  being 
heated  to  redness,  and  some  liquid  sulphur  dioxide 
poured  into  it,  from  a tube  which  has  been  cooled  for 
half  an  hour  in  ice  and  salt,  the  liquid  becomes  sur- 
rounded with  an  atmosphere  of  sulphurous  acid  gas, 
which  prevents  its  contact  with  the  metal  (assumes 
the  spheroidal  state),  and  its  temperature  is  reduced 
by  its  own  evaporation  to  so  low  a degree  that  a little  water  allowed  to  flow  into 
it  will  at  once  become  converted  into  opaque  ice.  Liquid  S02  is  employed  in 
freezing  machines.  The  temperature  -220°  F.  ( — 140°  C.)  is  obtained  by  the 
evaporation  of  a solution  of  solid  C02  in  liquid  S02.  This  mixture  was  employed 
in  liquefying  oxygen,  hydrogen,  and  nitrogen  under  very  high  pressure. 

Sulphurous  acid  gas  is  very  easily  absorbed  by  water,  as  may  be  shown 
by  pouring  a little  water  into  a bottle  of  the  gas,  closing  the  bottle  with 
the  palm  of  the  band,  and  shaking  it  violently  (see  fig.  161,  p.  148), 
when  the  diminished  pressure  due  to  the  absorption  of  the  gas  will 
cause  the  bottle  to  be  sustained  against  the  band  by  the  pressure  of  the 
atmosphere.  Water  absorbs  43.5  times  its  bulk  of  the  gas  at  the  ordi- 
nary temperature.  The  solutionis  believed  to  contain  sulphurous  acid, 
H„S03,  formed  by  the  reaction  H20  + S02  = H2S03,  but  this  body  has 
not  been  obtained  in  the  separate  state.  If  the  solution  be  exposed,  to 
a low  temperature,  a crystallised  hydrate  is  obtained,  the  composition 
of  which  does  not  appear  to  be  accurately  settled.  When  the  solution 
of  sulphurous  acid  is  kept  for  some  time  in  a bottle  containing  air,,  its 
smell  gradually  disappears,  the  acid  absorbing  oxygen  and  becoming 
•converted  into  sulphuric  acid. 

Sulphur  dioxide,  like  carbon  dioxide,  possesses  in  a high  degree,  the 
power  of  extinguishing  flame.  A taper  is  at  once  extinguished  in  a 
bottle  of  the  gas,  even  when  containing  a considerable  proportion  of 
air.  One  of*  the  best  methods  of  extinguishing  burning  soot  in  a chimney 
consists  in  passing  up  sulphurous  acid  gas  by  burning  a few  ounces  of 
sulphur  in  a pan  placed  over  the  fire. 

The  principal  uses  of  sulphurous  acid  gas  depend  upon  its  property  of 
bleaching  many  animal  and  vegetable  colouring  matters.  Although  a far 
less  powerful  bleaching  agent  than  chlorine,  it  is  preferred  for  bleaching 
silk,  straw,  wool,  sponge,  isinglass,  baskets,  &c.,  which  would  be  injured 
by  the  great  chemical  energy  of  chlorine.  The  articles  to  be  bleached 
are  moistened  with  water  and  suspended  in  a chamber  in  which  sulphur- 
ous acid  gas  is  produced  by  the  combustion  of  sulphur.  The  colouring 
matters  do  not  appear  in  general  to  be  decomposed  by  the  acrd,  but 
rather  to  form  colourless  combinations  with  it,  for  in  course  of  trnre  the 
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original  colour  often  reappears,  as  is  seen  in  straw,  flannel,  &c.,  which 
become  yellow  from  age,  the  sulphurous  acid  probably  being  oxidised 
into  sulphuric  acid.  Stains  of  fruit  and  port  wine  on  linen  are  con- 
veniently removed  by  solution  of  sulphurous  acid. 

The  red  solution  obtained  by  boiling  a few  chips  of  logwood  with  river  water 
(distilled  water  does  not  give  so  fine  a colour)  serves  to  illustrate  the  bleaching 
properties  of  sulphurous  acid.  A few  drops  of  the  solu- 
tion of  the  acid  will  at  once  change  the  red  colour  of  the 
solution  to  a light  yellow ; but  that  the  colouring  power 
is  suspended,  and  not  destroyed,  may  be  shown  by  clivid- 
ins;  the  yellow  liquid  into  two  parts,  and  adding  to  them, 
respectively,  potash  and  diluted  sulphuric  acid,  which 
will  restore  the  colour  in  a modified  form.  To  contrast 
this  with  the  complete  decomposition  of  the  colouring 
matter,  a little  sulphurous  acid  may  be  added  to  a weak 
solution  of  the  potassium  permanganate,  when  the 
splendid  red  solution  at  once  becomes  perfectly  colour- 
less, and  neither  acid  nor  alkali  can  elfect  its  restora- 
tion. 

If  a bunch  of  damp  coloured  flowers  be  suspended  in 
a bell-jar  over  a crucible  containing  a little  burning  sul- 
phur (fig.  196),  many  of  the  flowers  will  be  completely 
bleached  by  the  sulphurous  acid  ; and  by  plunging  them  afterwards  into  diluted 
sulphuric  acid  and  ammonia,  their  colours  may  be  parti}'  restored  with  some  very 
curious  modifications. 
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Another  very  useful  property  of  sulphurous  acid  is  that  of  arresting 
fermentation  (or  putrefaction),  apparently  by  killing  the  vegetable  or 
animal  growth  which  is  the  cause  of  the  fermentation.  This  is  commonly 
designated  the  antiseptic  or  antizymotic  property  of  sulphurous  acid,  and 
is  turned  to  account  when  casks  for  wine  or  beer  are  sulphured  in  order 
to  prevent  the  action  of  any  substance 
contained  in  the  pores  of  the  wood,  and 
capable  of  exciting  fermentation,  upon 
the  fresh  liquor  to  be  introduced.  If  a 
little  solution  of  sugar  be  fermented  with 
yeast  in  a flask  provided  with  a funnel 
tube  (fig.  197),  a solution  of  sulphurous 
acid  poured  in  through  the  latter  will  at 
once  arrest  the  fermentation.  The  salts 
of  sulphurous  acid  (sulphites)  are  also 
occasionally  used  to  arrest  fermentation, 
in  the  manufacture  of  sugar,  for  instance. 

Clothes  are  sometimes  fumigated  with  _ . . 

sulphurous  acid  gas  to  destroy  vermin,  and  the  air  of  rooms  is  disin- 
fected by  burning  sulphur  in  it. 

The  disposition  of  sulphurous  acid  to  absorl > oxygen  and  pass  into 
sulphuric  acid,  renders  it  a powerful  de-oxidising  or  reducing  agent. 
Solutions  of  silver  and  gold  are  reduced  to  the  metallic  state  by  sul- 


Fig.  197. 


phurous  acid  and  sulphites. 

If  a solution  of  sulphurous  acid  be  heated  for  some  time  in  a sealed  tube  to 
170°  C.,  one  portion  of  the  acid  de-oxidises  another,  sulphur  is  separated,  and 
sulphuric  acid  formed ; 3H2S03  = 2H2S04  + H20  + S. 

Sulphurous  acid  gas  combines  with  ammonia  gas  to  form  two  solid  compounds, 

(NH:j),,S02  and  NII3.SO,.  , ..  . . 

Chlorine  combines  with  an  equal  volume  of  sulphur  dioxide,  under  tne  influence 
of  bright  sunshine,  or  in  presence  of  charcoal,  to  produce  a colouiless  liquid,  the 
vapour  of  which  is  very  acrid  and  irritating  to  the  eyes.  Its  composition  is 
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represented  by  S02C12,  and  it  is  sometimes  called  chlorosulphuric  acid,  though  it 
does  not  combine  with  bases,  and  is  decomposed  by  water,  yielding  hydrochloric 
and  sulphuric  acids.  It  is  also  known  as  sulphuryle  chloride.  Its  decomposition 
by  water  takes  place  in  two  stages:  (i)  S0„C12  + H20  = S02.C1.H0  + HC1; 
(2)  S0,.C1.H0  + H20  = S02.II0.H0  + HC1 ; the  final  products  being  sulphuric  and 
hydrochloric  acids.  The  chloride  of  thionyle ,*  SOCL,  is  a colourless  volatile 
liquid  obtained  by  the  action  of  sulphurous  acid  gas  on  phosphorus  pentachloride. 
It  is  decomposed  by  water,  yielding  hydrochloric  and  sulphurous  acids. 

Potassium  and  sodium,  when  heated  in  sulphurous  acid  gas,  burn  vividly,  pro- 
ducing the  oxides  and  sulphides  of  the  metals. 

Iron,  lead,  tin,  and  zinc  are  also  converted  into  oxides  and  sulphides  when 
heated  in  sulphurous  acid  gas  ; S02  + Zn3  = ZnS  + 2Zn0. 

Sulphites. — The  acicl  character  of  sulphurous  acid  is  rather  feeble, 
although  stronger  than  that  of  carbonic  acid.  There  is  much  general 
resemblance  between  the  sulphites  and  carbonates  in  point  of  solu- 
bility, the  sulphites  of  the  alkali  metals  being  the  only  salts  of  sulphu- 
rous acid  which  are  freely  soluble  in  water.  Sulphurous  acid,  HoS03, 
being  dibasic  like  carbonic,  forms  two  classes  of  salts,  the  normal  sul- 
phites (for  example,  sodium  sulphite,  NaoS03)  and  acid  sulphites  (as 
hydropotassium  sulphite,  KHS03). 

Sodium  sulphite  is  extensively  manufactured  for  the  use  of  the  paper- 
maker,  who  employs  it  as  an  antichlore  for  hilling  the  bleach,  that  is, 
neutralising  the  excess  of  chlorine  after  bleaching  the  rags  with 
chloride  of  lime  and  sulphuric  acid  (see  p.  161)  — 

Na2S03  + H20  + CL  = Na„S04  + 2HCI. 

It  is  prepared  by  passing  sulphurous  acid  gas  over  damp  crystals  of 
sodium  carbonate,  when  carbonic  acid  gas  is  expelled,  and  sodium  sul- 
phite formed,  which  is  dissolved  in  water  and  crystallised.  It  forms 
oblique  prisms,  having  the  composition  Na2SOg.7Aq,  which  effloresce 
in  the  air,  becoming  opaque,  and  slowly  absorbing  oxygen,  passing 
into  sodium  sulphate  (Na,S04).  Its  solution  is  slightly  alkaline  to 
test-papers. 

For  the  manufacture  of  sodium  sulphite  the  sulphurous  acid  gas  is 
obtained  either  by  the  combustion  of  sulphur  or  by  heating  sulphuric 
acid  with  charcoal;  2H„S04  + C = 2H20  + C02  + 2SO,.  The  carbon 
dioxide  of  course  will  not  interfere  with  this  application  of  the  sulphur 
dioxide. 

Sulphuric  Acid,  or  Hydric  Sulphate. 

H2S04  or  S02(0H)2=98  parts  by  weight. 

144.  More  than  four  centuries  ago,  the  alchemist  Basil  Valentine 
subjected  green  vitriol , as  it  was  then  called  (sulphate  of  iron),  to  dis- 
tillation, and  obtained  an  acid  liquid  which  he  named  oil  of  vitriol. 
The  process  discovered  by  this  laborious  monk  is  even  now  in  use  at 
Nordhausen  in  Saxony,  and  the  Nordliausen  oil  of  vitriol  is  an 
important  article  of  commerce.  The  crystals  of  ferrous  sulphate 
(FeS04.7H,0)  are  exposed  to  the  air  so  that  they  may  absorb  oxygen, 
and  become  converted  into  the  basic  ferric  sulphate- — 

6FeS04  + 03  = 2Fe2(S04)3.Fe203. 

This  salt  is  partially  dried,  and  distilled  in  earthenware  retorts, 
when  a mixture  of  sulphuric  acid  and  sulphuric  anhydride  distils  over, 
and  is  sent  into  commerce  as  Nordliausen  or  fuming  sulphuric  acid; 
Fe2(S04)3  + 2TFO  - Fe203  + 2lI2S04  + SO,.  The  ferric  oxide  (Fe203) 

**  ©dor,  sulphur. 
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which  is  left  in  the  retorts,  is  the  red  powder  known  as  colcothar, 
which  is  used  for  polishing  plate  glass  and  metals. 

The  green  vitriol  employed  for  preparing  the  Nordhausen  acid  is  obtained  from 
iron  pyrites  (FeS„).  A particular  variety  of  this  mineral,  white  pyrites  (or  efflores- 
cent pyrites),  when  exposed  to  moist  air,  undergoes  oxidation,  yielding  ferrous 
sulphate  and  sulphuric  acid ; F eS2  + H.,0  + 07  = F eS04  + H.2S04. 

Large  masses  of  this  variety  of  pyrites  in  mineralogical  cabinets  may  often  be 
seen  broken  up  into  small  fragments,  and  covered  until  an  acid  efflorescence  of 
ferrous  sulphate  from  this  cause.  Ordinary  iron  pyrites  is  not  oxidised  by  ex- 
posure to  the  air  unless  it  be  first  subjected  to  distillation  in  order  to  separate  a 
portion  of  the  sulphur  which  it  contains. 

Fuming  sulphuric  acid  (or  pyrosulphuric  acid)  is  now  made  in  England  by 
dissolving  sulphuric  anhydride  in  about  twice  its  weight  of  oil  of  vitriol.  In 
order  to  procure  the  sulphuric  anhydride,  oil  of  vitriol  (H,2S04)  is  decomposed  by 
a high  temperature  into  steam,  sulphurous  acid  gas,  and  oxygen  ; the  vapour  ol 
water  is  removed  by  passing  the  gases  through  oil  of  vitriol,  and  the  &0.2  and  O 
are  caused  to  combine  bypassing  them  over  hot  platinised  asbestos.  The  fuming 
acid  is  kept  in  vessels  of  tinned  iron,  upon  which  it  has  no  action. 

The  Nordhausen  acid  is  readily  distinguished  from  English  sulphuric 
acid  by  its  fuming  in  the  air  when  the  bottle  is  opened.  This  is  due 
to  the  escape  of  a little  vapour  of  sulphuric  anhydride.  It  is  heavier 
than  the  English  acid,  its  specific  gravity  being  1.9.  It  is  chiefly  used 
for  dissolving  indigo  in  preparing  the  Saxony  blue  dye,  also  in  making 
alizarine,  and  is  a convenient  soui’ce  of  the  anhydride ; for  if  it  be 
gently  heated  in  a retort,  the  anhydride  is  disengaged,  and  may  be 
condensed  in  silky  crystals  in  a receiver  kept  cool  by  ice,  whilst  ordinary 
sulphuric  acid  (H2S04)  is  left  in  the  retort. 

An  acid  containing  40  or  50  percent,  of  dissolved  sulphuric  anhydride 
is  solid  at  ordinary  temjDeratures,  whilst  that  containing  60  or  70  per 
cent,  is  liquid  even  below  o°  C. 

The  process  adopted  at  Nordhausen,  though  simple  in  theory,  is 
expensive,  on  account  of  the  consumption  of  fuel  and  the  breaking  of 
the  retorts,  so  that  the  price  of  the  acid,  compared  with  that  of  English 
manufacture,  is  very  high. 

The  first  step  towards  the  discovery  of  our  present  process  was  also 
made  by  Valentine,  when  he  prepared  his  oleum  sulphuris  per  cam- 
pctnum,  by  burning  sulphur  under  a bell-glass  over  water,  and  evapora- 
ting the  acid  liquid  thus  obtained.  The  same  experimenter  also  made 
a very  important  advance  when  he  burnt  a mixture  of  sulphur,  antimony 
sulphide,  and  nitre  under  a bell-glass  placed  over  water ; but  it  was  not 
until  the  middle  of  the  18th  century  that  it  was  suggested  by  some 
French  chemists  to  burn  the  sulphur  and  nitre  alone  over  water ; a 
process  by  which  the  acid  appears  actually  to  have  been  manufactured 
upon  a pretty  large  scale.  The  substitution  of  large  chambers  of  lead 
for  glass  vessels  by  Dr.  Roebuck  was  a great  improvement  in  the  pro- 
cess, and  about  the  year  1770  the  preparation  of  the  acid  formed  an 
important  branch  of  manufacture ; since  then  the  process  has  been 
steadily  improving  until,  at  the  present  time,  upwards  of  100,000  tons 
are  annually  consumed  in  Great  Britain,  and  a very  large  quantity  is 
exported.  The  diminution  in  the  price  of  oil  of  vitriol  well  exhibits  the 
progress  of  improvement  in  its  production,  for  the  original  oil  of  sulphur 
appears  to  have  been  sold  for  about  half-a-crown  an  ounce,  and  that 
prepared  by  burning  sulphur  with  nitre  in  glass  vessels  at  the  same 
price  per  pound ; but  when  leaden  chambers  were  introduced,  the  price 
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fell  to  a shilling  per  pound,  and  at  present  oil  of  vitriol  can  be  pur- 
chased at  the  rate  of  five  farthings  per  pound. 

The  description  of  the  present  process  of  manufacture  will  be  best 
understood  after  a consideration  of  the  chemical  changes  upon  which  it 
depends. 

It  has  been  seen  that  when  sulphur  is  burnt  in  air,  sulphur  di- 
oxide is  the  chief  product.  When  this  acts  upon  nitric  acid,  in  the 
presence  of  water,  sulphuric  acid  and  nitrous  anhydride  are  formed; 
2 SO,  + 2lIN03  + H20  = cHjSO,  + hr203.  The  nitrous  anhydride,  in  con- 
tact with  air,  steam,  and  S02,  forms  a crystalline  compound — 

N,03_+  02  + H20  + 2S02  = 2(S02.0H.0N0), 
crystals  of  the  vitriol  chambers.  This  crystalline  compound  is  immediately 
decomposed  by  steam,  with  production  of  H,SO  — 

2(S0.,0H.0N0)  + H20  = N203  + 2(S02.0H.0H), 
oil  of  vitriol.  The  1ST20?  thus  reproduced  serves  to  convert  more  SO, 
into  H2S04  if  the  requisite  quantities  of  air  and  steam  be  supplied. 

It  appears,  therefore,  that  jST203  may  be  employed  to  absorb  oxygen 
from  the  air  and  to  convey  it  to  the  S02,  so  that,  theoretically,  an  un- 
limited quantity  of  sulphur  might  he  converted  into  sulphuric  acid  by 
a given  quantity  of  N,03,  with  a sufficient  supply  of  air  and  steam. 

To  illustrate  the  chemical  principles  of  the  manufacture  of  sulphuric  acid,  a 
large  glass  flask  or  globe  (A,  fig.  198)  is  fitted  with  a cork  through  which  are 

passed  (a)  a tube  connected  with 
a flask  (D)  containing  copper  and 
strong  sulphuric  acid  for  evolv- 
ing SO, ; ( b ) a tube  connected 
with  a flask  (B)  containing  cop- 
per and  diluted  nitric  acid  (sp. 
gr.  1.2)  for  supplying  nitric 
oxide;  (c)  a tube  proceeding 
from  a small  flask  (E)  contain- 
ing water. 

On  heating  the  flask  contain- 
ing nitric  acid  and  copper,  the 
nitric  oxide  passes  into  the 
globe  and  combines  with  the 
oxygen  of  the  air,*  filling  the 
globe  with  a red  mixture  of 
nitric  peroxide  and  nitrous  an- 
hydride. The  nitric  oxide  flask 
may  then  be  removed.  Sulphur 
dioxide  is  then  generated  by 
heating  the  flask  containing  sulphuric  acid  and  copper ; the  sulphur  dioxide  will 
soon  decolorise  the  red  gas,  the  contents  of  the  globe  becoming  colourless,  and 
the  crystalline  compound  forming  abundantly  on  the  sides  ; the  sulphur  dioxide 
flask  may  then  be  removed.  Steam  is  sent  into  the  globe  from  the  flask  con- 
taining water,  when  the  crystalline  compound  will  be  dissolved,  and  sulphuric 
acid  will  collect  at  the  bottom  of  the  globe. 

If  the  experiment  be  repeated,  the  steam  being  introduced  simultaneously  with 
the  sulphur  dioxide,  no  crystalline  compound  whatever  will  be  formed,  the 
sulphur  dioxide  being  at  once  converted  into  sulphuric  acid.  _ 

Since  the  cork  is  somewhat  corroded  in  this  experiment,  it  is  preferable  to  have 
the  mouth  of  the  flask  ground  and  closed  by  a ground  glass  plate,  perforated 
with  holes  for  the  passage  of  the  tubes.  The  perforations  are  easily  made  by 
placing  the  glass  plate  flat  against  the  wall  and  piercing  it  with  the  point  of  a 
revolvino-  rat’s-tail  file  dipped  in  turpentine  ; the  file  is  then  gradually  worked 
throngh'the  hole  until  the  latter  is  of  the  required  size. 

» The  operation  is,  of  course,  ruoro  striking  if  oxygen  is  employed  instead  of  air,  the 
globe  in  fig.  198  being  filled  with  oxygen  by  displacement  at  the  commencement. 
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Fig.  198. — Preparation  of  sulphuric  acid. 
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The  process  employed  for  the  manufacture  of  English  oil  of  vitriol 
will  now  be  easily  understood. 

A series  of  chambers  is  constructed  of  leaden  plates,  the  edges  of 
which  are  united  by  autogenous  soldering  (that  is,  by  fusing  their  edges, 
without  solder,  which  would  be  rapidly  corroded  by  the  acid  vapours) ; 
the  leaden  chambers  are  supported  and  strengthened  by  a framework  of 

timber  (fig.  199).  . 

The  sulphurous  acicl  gas  is  generated  by  burning  sulphur  or  iron 
pyrites  in  a suitable  furnace  (A)  adjoining  the  chambers,  and  so 


arranged  that  the  gas  produced  may  be  mixed  with  about  the  proper 
quantity  of  air  to  furnish  the  oxygen  required  for  its  conversion  into 
sulphuric  acid. 

Nitric  acid  vapour  is  evolved  from  a mixture  of  sodium  nitrate  and 
oil  of  vitriol  (see  p.  134)  contained  in  an  iron  pan  which  is  heated  by 
the  combustion  of  the  sulphur,  so  that  the  nitric  acid  is  carried  into  the 
chambers  with  the  current  of  sulphurous  acid  gas  and  air. 

Water  covers  the  floor  of  the  chambers  to  the  depth  of  about  2 inches, 
and  jets  of  steam  are  introduced  at  different  parts  from  an  adjacent 
boiler  (B). 
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ie  sulphurous  acid  gas  acts  upon  the  nitric  acid  vapour,  in  the 
presence  of  the  water,  forming  nitrous  anhydride  and  sulphuric  acid, 
which  rains  clown  into  the  water  on  the  floor  of  the  chambers.  If 
the  N,Oa  were  permitted  to  escape  from  the  chambers,  and  a fresh 
quantity  of  nitric  acid  vapour  introduced  to  oxidise  another  portion  of 
sulphur  dioxide,  2 molecules  (17°  parts  by  weight)  of  sodium  nitrate 
would  be  required  to  furnish  the  nitric  acid  for  the  conversion  of 
2 atoms  (64  parts  by  weight)  of  sulphur,  whereas,  in  practice,  6 parts 
by  weight  only  of  nitrate  are  employed  for  96  parts  of  sulphur. 

The  nitrogen  of  the  air  takes  no  part  in  the  change ; and  since 
the  oxygen  consumed  in  converting  the  sulphur  into  sulphuric  acid  is 
accompanied  by  four  times  its  volume  of  nitrogen,  a very  large  accu- 
mulation of  this  gas  takes  place  in  the  chambers,  and  provision  must, 
be  made  for  its  removal  in  order  to  allow  space  for  those  gases  which 
take  part  in  the  change.  The  obvious  plan  would  appear  to  be  the 
erection  of  a simple  chimney  for  the  escape  of  the  nitrogen  at  the 
opposite  end  of  the  chamber  to  that  at  which  the  sulphurous  acid  gas 
and  air  enter  it : and  this  plan  was  formerly  adopted,  but  the  nitrogen 
carries  off  with  it  a portion  of  the  nitrous  anhydride  which  is  so  valu- 
able in  the  chamber,  and  to  save  this  the  escaping  nitrogen  is  now 
generally  passed  through  a leaden  chamber  (Gay-Lussac’s  tower)  (C) 
filled  with  coke,  over  which  oil  of  vitriol  is  allowed  to  trickle  : the  oil 
of  vitriol  absorbs  the  N203,  and  flows  into  a cistern  (D),  from  which  it 
is  forced  up,  by  the  pressure  of  steam,  to  the  top  of  another  chamber 
(Glover’s  tower)  (E)  arranged  with  shelves  in  cascade,  through  which 
the  hot  sulphurous  acid  gas  and  air  are  made  to  pass  as  they  enter, 
when  they  take  up  the  nitrous  anhydride  from  the  oil  of  vitriol,  and 
carry  it  with  them  into  the  chamber. 

Before  the  introduction  of  this  plan,  it  required  a quantity  of  sodium 
nitrate  amounting  to  |th  or  TUth  of  the  weight  of  the  sulphur  to  con- 
vert it  into  sulphuric  acid,  whereas  about  -Ajth,  or  even  less,  is  now 
often  made  to  suffice. 

In  the  vitriol  chambers  represented  in  fig.  199,  the  mixture  of  gases  passing 
from  the  first  square  chamber  into  the  second  contains  a large  excess  of  sulphurous 
acid  gas,  which  is  oxidised  and  converted  into  sulphuric  acid  by  the  nitric  acid 
flowing  down  the  cascade  represented  at  the  entrance  to  the  second  chamber.  The 
mixture  of  sulphuric  acid  with  excess  of  nitric  acid  and  other  oxides  of  nitrogen 
which  is  thus  formed,  is  made  to  pass  back  into  the  first  chamber,  in  order  to  be 
de-oxidised  by  the  excess  of  sulphurous  acid  gas.  It  is  thence  conducted  by  a 
pipe,  not  shown  in  the  figure,  into  the  middle  chamber  of  much  larger  size,  where 
the  principal  reaction  between  the  sulphurous  acid  gas,  the  N203,  and  the  oxygen 
of  the  air,  takes  place.  The  reaction  is  completed  during  the  passage  through  the 
two  last  small  chambers,  and  the  gases  are  finally  cooled  by  passing  through  a 
chamber  surrounded  with  cold  water  before  being  discharged  into  the  Gay-Lussac's 
tower  (C). 

The  sulphuric  acid  is  allowed  to  collect  on  the  floor  of  the  chamber 
until  it  has  a specific  gravity  of  about  1.6,  and  contains  70  per  cent, 
of  oil  of  vitriol  (H,S04).  If  it  were  allowed  to  become  more  concen- 
trated than  this,  it  would  absorb  some  of  the  oxides  of  nitrogen  in 
the  chamber,  so  that  it  is  now  drawn  off. 

This  acid  is  quite  strong  enough  for  some  of  the  applications  of  sul- 
phuric acid,  particularly  for  that  which  consumes  the  largest  quantity  in 
this  country,  viz.,  the  conversion  of  common  salt  into  sodium  sulphate 
as  a preliminary  step  in  the  manufacture  of  carbonate  of  soda.  To  save 
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the  expense  of  transporting  the  acid  for  this  purpose,  the  vitriol  chambers 
form  part  of  the  plant  of  the  alkali  works. 

To  convert  this  weak  acid  into  the  ordinary  oil  of  vitriol  of  commerce, 
it  is  run  off  into  shallow  leaden  pans  set  in  brickwork,  and  supported  on 
iron  bars  over  the  flue  of  a furnace,  where  it  is  heated  until  so  much  water 
has  evaporated  that  the  specific  gravity  of  the  acid  has  increased  to  1.72. 
The  concentration  cannot  be  carried  further  in  leaden  pans,  because 
the  strong  acid  acts  upon  the  lead,  and  converts  it  into  sulphate— 

2H.,S04  + Pb  = PbS04  + 2H,0  + SCU 

The  concentration  of  the  acid  is  now  often  effected  by  high  pressure 
steam  passing  through  leaden  worms  immersed  in  the  acid  which  is 
contained  in  wooden  vats  lined  with  lead. 

The  acid  of  1.7  2 sp.  gr.  contains  about  80  per  cent,  of  true  oil  of 
vitriol,  and  is  largely  employed  for  making  superphosphate  of  lime,  and 
in  other  rough  chemical  manufactures.  It  is  technically  called  brown 
acid,  having  acquired  a brown  colour  from  organic  matter  accidentally 
present  in  it. 

To  convert  this  brown  acid  into  commercial  oil  of  vitriol,  it  is  boiled 
down,  either  in  glass  retorts  or  platinum  stills,  when  water  distils  over, 
accompanied  by  a little  sulphuric  acid,  and  the  acid  in  the  retort  becomes 
colourless,  the  brown  carbonaceous  matter  being  oxidised  by  the  strong 
sulphuric  acid,  -with  formation  of  carbonic  and  sulphurous  acid  gases. 
When  dense  white  fumes  of  oil  of  vitriol  begin  to  pass  over,  showing 
that  all  the  superfluous  water  has  been  expelled,  the  acid  is  drawn  off  by 
a siphon.  The  strongest  acid  obtainable  by  this  process  still  contains 
about  2 per  cent,  of  water,  formed  by  the  decomposition  of  some  of  the 
H„S04  into  II. ,0  and  S03,  which  escapes  as  vapour. 

The  very  diluted  acid  which  distils  off  is  employed  instead  of  water 
on  the  floor  of  the  leaden  chamber. 

The  cost  of  the  acid  is  very  much  increased  by  this  concentration.  It  cannot 
be  conducted  in  open  vessels,  partly  on  account  of  the  loss  of  sulphuric  acid, 
partly  because  concentrated  sulphuric  acid  absorbs  moisture  from  the  open  air 
even  at  the  boiling  point.  The  loss  by  breakage  of  the  glass  retorts  is  very  con- 
siderable, although  it  is  reduced  as  far  as  possible  by  heating  them  in  sand,  and 
keeping  them  always  at  about  the  same  temperature  by  supplying  them  with  hot 
acid.  But  the  boiling  point  of  the  concentrated  acid  is  very  high  (640°  F.),  and 
the  retorts  consequently  become  so  hot  that  a current  of  cold  air  or  an  accidental 
splash  of  acid  will  frequently  crack  them  at  once.  Moreover  the  acid  boils  with 
succussion  or  violent  bumping,  caused  by  sudden  bursts  of  vapour,  which  endanger 
the  safety  of  the  retort. 

With  platinum  stills  the  risk  of  fracture  is  avoided,  and  the  distillation  may  be 
conducted  more  rapidly,  the  brown  acid  (sp.  gr.  1.72)  being  admitted  at  the  top, 
and  the  oil  of  vitriol  (sp.  gr.  1.84)  drawn  off  by  a platinum  siphon  from  the 
bottom  of  the  still,  which  is  protected  from  the  open  fire  by  an  iron  jacket.  But 
since  a platinum  still  costs  £ 2000  or  £3000,  the  interest  upon  its  value  increases 
the  cost  of  production  of  the  acid. 

When  the  perfectly  pure  acid  is  required,  it  is  actually  distilled  over  so  as  to 
leave  the  solid  impurities  (sulphate  of  lead,  &c.)  behind  in  the  retort.  Some  frag- 
ments of  rock  crystal  should  be  introduced  into  the  retort  to  moderate  the  bursts 
of  vapour,  and  heat  applied  by  a ring  gas-burner  with  somewhat  divergent  jets. 

Properties  of  oil  of  vitriol. — The  properties  of  concentrated  sulphuric 
acid  are  very  characteristic.  Its  great  weight  (sp.  gr.  1.84),*  freedom 
from  odour,  and  oily  appearance,  distinguish  it  from  any  other  liquid 

* The  acid  containing  97.7  per  cent,  has  the  highest  sp.  gr.  1.8413 ; that  of  98  per  cent., 
1.8412;  99  per  cent.,  1.8403  ; 99.47  per  cent.,  1.8395  ; xoo  per  cent.,  1.8384. 
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commonly  met  with,  which  is  fortunate,  because  it  is  difficult  to  preserve 
a label  upon  the  bottles  of  this  powerfully  corrosive  acid.  Although,  if 
absolutely  pure,  it  is  perfectly  colourless,  the  ordinary  acid  used  in  the 
laboratory  has  a peculiar  grey  colour,  due  to  traces  of  organic  matter. 
Its  high  boiling  point,  338°  C.  (640°  F.),has  been  already  noticed;  and 
although  its  vapour  is  perfectly  transparent  in  the  vessel  in  which  the  acid 
is  boiled,  as  soon  as  it  issues  into  the  air  it  condenses  into  voluminous  dense 
clouds  of  a most  irritating  description.  Even  a drop  of  the  acid  evaporated 
in  an  open  dish  will  fill  a large  space  with  these  clouds.  Oil  of  vitriol 
solidifies  when  cooled  to  about  — 340  C ( — 30°  F.),  but  the  acid  once 
solidified  requires  a temperature  of  10°. 5 C.  (510  F.)  to  liquefy  it  again. 
Oil  of  vitriol  rapidly  corrodes  the  skin  and  other  organic  textures  upon 
which  it  falls,  usually  charring  or  blackening  them  at  the  same  time. 
Poured  upon  a piece  of  wood,  the  latter  speedily  assumes  a dark  brown 
colour ; and  if  a few  lumps  of  sugar  be  dissolved  in  a very  little  water, 
and  stirred  with  oil  of  vitriol,  a violent  action  takes  place,  and  a semi- 
solid black  mass  is  produced.  This  property  of  sulphuric  acid  is  turned 
to  account  in  the  manufacture  of  blacking,  in  which  treacle  and  oil  of 
vitriol  are  employed.  These  effects  are  to  be  ascribed  to  the  powerful 
attraction  of  oil  of  vitriol  for  water.  Woody  fibre  (CcH10O5)  (which  com- 
poses the  bulk  of  wood,  paper,  and  linen),  and  sugar  (C12H,,Ou),  may 
be  regarded,  for  the  purpose  of  this  explanation,  as  composed  of  carbon 
associated  with  5 and  1 x molecules  of  water,  and  any  cause  tending  to 
remove  the  water  would  tend  to  eliminate  the  carbon. 

The  great  attraction  of  this  acid  for  water  is  shown  by  the  high 
temperature  (often  exceeding  the  boiling  point  of  water)  produced  on 
mixing  oil  of  viti'iol  with  water,  which  render's  it  necessary  to  be  careful 
in  diluting  the  acid. 

The  water  should  be  placed  in  a jug,  and  the  oil  of  vitriol  poured  into  it  in  a 
thin  stream,  a glass  rod  being  used  to  mix  the  acid  with  the  water  as  it  flows  in. 
Ordinary  oil  of  vitriol  becomes  turbid  when  mixed  with  water,  from  the  separation 
of  lead  sulphate  (formed  from  the  evaporating  pans),  which  is  soluble  in  the 
concentrated,  but  not  in  the  diluted  acid,  so  that  if  the  latter  be  allowed  to  stand 
for  a few  hours,  the  lead  sulphate  settles  to  the  bottom,  and  the  clear  acid  may 
be  poured  off  free  from  lead.  Diluted  sulphuric  acid  has  a smaller  bulk  than  is 
occupied  by  the  acid  and  water  before  mixing. 

The  heat  evolved  on  combining  one  molecular  weight  of  H.,S04,  with  one  of 
water  amounts  to  69.7  centigrade  units.  Decreasing  quantities  of  heat  are  evolved 
for  successive  additions  of  water,  until  120  molecules  of  water  have  been  added. 

Even  when  largely  diluted,  sulphuric  acid  corrodes  textile  fabi'ics 
very  rapidly,  and  though  the  acid  be  too  dilute  to  appear  to  injure  them 

at  first,  it  will  be  found  that  the 
water  evaporates  by  degrees,  leaving 
the  acid  in  a more  concentrated 
state,  and  the  fibre  is  then  perfectly 
rotten.  The  same  result  ensues  at 
once  on  the  application  of  heat ; thus, 
if  characters  be  written  on  paper 
with  the  diluted  acid,  they  will  re- 
main invisible  until  the  paper  is  held 
to  the  fire,  when  the  acid  will  char 
the  paper,  and  the  writing  will  appear 
intensely  black. 

If  oil  of  viti’iol  be  left  exposed  to  the  air  in  an  open  vessel,  it  very 
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soon  increases  largely  in  bulk  from  the  absorption  of  water,  and  a flat 
dish  of  oil  of  vitriol  under  a glass  shade  (fig.  200)  is  frequently  employed 
in  the  laboratory  for  drying  substances  without  the  assistance  of  heat. 
The  drying  is  of  course  much  accelerated  by  placing  the  dish  on  the 
plate  of  an  air-pump,  and  exhausting  the  air  from  the  shade,  so  as  to 
effect  the  drying  in  vacuo.  It  will  be  remembered  also  that  oil  of 
vitriol  is  in  constant  use  for  drying  gases. 

At  a red  heat,  the  vapour  of  oil  of  vitriol  is  decomposed  into  water, 
sulphur  dioxide,  and  oxygen  ; H2S04  = H20  + S02  + 0. 

When  sulphur  is  boiled  with  oil  of  vitriol,  the  latter  gradually  dis- 
solves the  melted  sulphur,  converting  it  into  sulphur  dioxide  — 

S + 2H„S04  = 3SO.,  + 2H.,0. 

All  ordinary  metals  are  acted  upon  by  concentrated  sulphuric  acid 
when  heated,  except  gold  and  platinum  (the  latter  does  not  quite 
escape  when  long  boiled  with  the  acid),  the  metal  being  oxidised  by  one 
portion  of  the  acid,  which  is  thus  converted  into  sulphur  dioxide,  the 
oxide  reacting  with  another  part  of  the  sulphuric  acid  to  form  a 
sulphate.  Thus,  when  silver  is  boiled  with  strong  sulphuric  acid,  it  is 
converted  into  silver  sulphate,  which  is  soluble  in  hot  water — 

Ag2  + 2H„S04  = Ag2S04  + 2H20  + SO... 

Should  the  silver  contain  any  gold,  it  is  left  behind  in  the  form  of  a 
dark  powder.  Sulphuric  acid  is  extensively  employed  for  the  separation 
or  parting  of  silver  and  gold.  This  acid  is  also  employed  for  extracting 
gold  from  copper ; and  when  sulphate  of  copper  is  manufactured  by 
dissolving  that  metal  in  sulphuric  acid  (see  p.  197),  large  quantities 
of  gold  are  sometimes  extracted  from  the  accumulated  residue  left 
undissolved  by  the  acid.  If  the  sulphuric  acid  contains  nitric  acid,  it 
dissolves  a considerable  quantity  of  gold,  which  separates  again  in  the 
form  of  a purple  powder  when  the  acid  is  diluted  with  water,  the 
sulphate  of  gold  formed  being  reduced  by  the  nitrous  acid  when  the 
solution  is  diluted. 

Some  of  the  uses  of  sulphuric  acid  depend  upon  its  specific  action  on 
certain  organic  substances,  the  nature  of  which  has  not  yet  been  clearly 
explained.  Of  this  kind  is  the  conversion  of  paper  into  vegetable  parch- 
ment by  immersion  in  a cool  mixture  of  two  measures  of  oil  of  vitriol 
and  one  measure  of  water,  and  subsequent  washing.  The  conversion  is 
not  attended  by  any  change  in  the  weight  of  the  paper. 

Sulphuric  acid  forms  definite  combinations  with  water.  By  evapo- 
rating diluted  sulphuric  acid  in  vacuo  at  2120  F.,  an  acid  is  left  which 
has  the  composition  H2S04.2H20  (sp.  gr.  1.63).  If  this  acid  be  evapo- 
rated in  air  at  400°  F.  (204°  C.)  as  long  as  steam  escapes,  the  remaining 
acid  has  the  composition  H,S04.H„0  (sp.  gr.  1.78).  This  acid  is  called 
glacial  sulphuric  acid,  because  it  solidifies  to  a mass  of  ice-like  crystals 
at  470  F.  (8°  C.).  It  is  sometimes  sold  instead  of  H2S04,  and  may  be 
known  by  its  freezing  in  winter. 

Proof  of  the  composition  of  sulphuric  acid. — 10  grammes  of  sulphuric  acid  are 
neutralised  by  22.7  grins,  of  PbO,  when  heated,  giving  off  1.82  grms.  of  H._,0  and 
leaving  30.9  grms.  of  lead  sulphate.  Hence  sulphuric  acid  contains  2.02  per  cent, 
of  H.  10  grms.  galena,  containing  8.66  Pb  and  1.34  S,  when  converted  into  lead 
sulphate  by  nitric  acid,  yield  12.68  grms.  Hence  12.68  grms.  lead  sulphate 
contain  1.34  S and  2.68  0,  being  the  difference  between  the  lead  sulphate  and 
the  lead  sulphide.  The  30.9  grms.  of  lead  sulphate  furnished  by  10  grms.  of 
sulphuric  acid  would  therefore  contain  3.26  S and  6.52  0,  so  that  100  parts  of 
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sulphuric  acid  contain  2.02  H,  32.6  S,  and  65.2  0,  which  numbers,  divided  by  the 
atomic  weights,  give  2 atoms  of  H,  1 atom  of  S,  and  4 atoms  of  0.  The  mole- 
cular weight  of  sulphuric  acid  cannot  be  deduced  from  the  sp.  gr.  of  its  vapour 
because  it  is  dissociated  into  H„0  and  S03.  But  it  yields  with  KHO  two  salts, 
one  containing  an  atom  of  K and  an  atom  of  H,  and  the  other  containing  two 
atoms  of  K.  Hence  these  salts  must  be  KHS04  and  K2S04,  and  the  molecule  of 
the  acid  must  be  H2S04. 

145.  Anhydrous  sulphuric  acid,  or  sulphuric  anhydride,  or  sulphur 
trioxule  (S03  — 80). — Sulphurous  acid  and  oxygen  gases  combine  to 
form  sulphuric  anhydride  when  passed  through  a tube  containing 
heated  platinum  or  certain  metallic  oxides,  such  as  those  of  iron  and 
chromium,  the  action  of  which  in  promoting  the  combination  is  not 
thoroughly  understood. 

The  combination  may  be  shown  by  passing  oxygen  from  the  tube  A (fig.  201), 

connected  with  a gas-holder,  through  a 
strong  solution  of  sulphurous  acid  (B),  so 
that  it  may  take  up  a quantity  of  that 
gas  ; afterwards  through  a tube  (C)  con- 
taining pumice-stone  soaked  with  oil  of 
vitriol,  to  remove  the  water ; and  then 
through  a bulb  (D)  containing  platinised 
asbestos  (see  p.  142).  The  mixture  of 
the  gases  issuing  into  the  air  is  quite 
invisible,  but  when  the  bulb  is  gently 
heated,  combination  takes  place,  and 
dense  white  clouds  are  formed  in  the  air, 
from  the  combination  of  the  sulphuric 
anhydride  (S03)  produced,  with  the  atmo- 
spheric moisture.  The  clouds  are  best  shown  by  conducting  them,  through  a 
bent  tube  attached  to  D,  into  a large  flask.  If  the  vapour  of  S03  be  passed  into 
a little  oil  of  vitriol  in  a small  stoppered  bottle,  the  acid  absorbs  the  S03,  pro- 
ducing  fuming  sulphuric  acid  (p.  200),  which  solidifies  to  a crystalline  mass  when 
it  has  taken  up  about  half  its  weight  of  S03. 

Pure  sulphur  trioxide,  prepared  by  repeated  distillation  out  of  con- 
tact with  moisture,  is  a mobile  liquid  which  crystallises  when  cooled, 
in  long  transparent  prisms  like  nitre,  which  fuse  at  I4°.8  C.  and  boil 
at  46°  C.  The  commercial  product,  which  has  absorbed  a little  water, 
forms  an  opaque  crystalline  mass  which  fuses  with  great  difficulty. 
When  sulphuric  acid  in  small  quantity  is  added  to  this,  it  dissolves  it, 
and  on  cooling  to  8°  C.  crystals  of  H2S04.3S03  are  deposited.  When 
more  H2S04  is  added,  it  forms  pyrosulphuric  acid,  H2S04.S03  or 

h2s2o7. 

It  has  been  stated  that  pure  S03  is  capable  of  alteration  in  its  fusing 
point  without  any  absorption  of  water. 

When  exposed  to  air,  sulphur  trioxide  gives  off  strong  white  fumes 
caused  by  the  combination  of  its  vapour  with  the  moisture  of  the  air. 
It  deliquesces  in  a short  time,  and  becomes  sulphuric  acid — 

S03  + H20  = I-I2S04. 

When  thrown  into  water,  it  hisses  like  red-hot  iron,  from  the  sudden 
formation  of  steam.  The  vapour  is  decomposed,  as  mentioned  above, 
into  sulphurous  acid  gas  and  oxygen,  when  passed  through  a red-hot 
tube.  Phosphorus  burns  in  its  vapour,  combining  with  the  oxygen 
and  liberating  sulphur.  Baryta  glows  when  heated  in  the  vapour  of 
sulphuric  anhydride,  and  combines  with  it  to  form  barium  sulphate. 

Sulphuric  anhydride  is  capable  of  combining  with  olefiant  gas  (C2H4) 
and  similar  hydrocarbons,  and  absorbs  these  from  mixtures  of  gases. 
In  the  analysis  of  coal  gas,  a fragment  of  coke  wetted  with  Nordhausen 
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sulphuric  acid  is  passed  up  into  a measured  volume  of  the  gas  standing 
over  mercury  to  absorb  these  illuminating  hydrocarbons.  S03  also 
combines  with  HC1,  forming  SO...C1.HO,  which  may  also  be  obtained  by 
distilling  sulphuric  acid  with  phosphoric  chloride — 

3S02(H0)2  + PC15  = 3(SOa.Cl.HO)  + PO.,.  HO  + 2HCI. 

An  interesting  method  of  obtaining  the  sulphuric  anhydride  consists 
in  pouring  2 parts  by  weight  of  oil  of  vitriol  over  3 parts  of  phosphoric 
anhydride,  contained  in  a retort  cooled  in  ice  and  salt,  and  afterwards 
distilling  at  a gentle  heat,  when  the  phosphoric  anhydride  retains  water, 
and  the  SO:J  may  be  condensed  in  a cooled  receiver. 

When  oil  of  vitriol  is  converted  into  vapour,  its  molecular  weight 
(98  parts)  is  found  to  yield  4 volumes  of  vapour  instead  of  2,  which  is 
explained  by  a dissociation  or  temporary  decomposition  of  the  molecule 
of  TT..SO  into  Ho0  (2  volumes)  and  S03  (2  volumes).  On  cooling,  these 
recombine  to  form  H,SO.. 

146.  Sulphates — Action  of  sulphuric  acid  upon  metallic  oxides. — At 
common  temperatures  sulphuric  acid  is  capable  of  displacing  all  other 
acids  from  their  salts ; many  cases  will  be  remembered  in  which  this 
power  of  sulphuric  acid  is  turned  to  account. 

So  great  is  the  acid  energy  of  sulphuric  acid,  that  when  it  is  allowed 
to  act  upon  an  indifferent  or  acid  metallic  oxide,  it  causes  the  separation 
of  a part  of  the  oxygen,  and  reacts  with  the  basic  oxide  so  produced. 
Advantage  is  sometimes  taken  of  this  circumstance  for  the  preparation  of 
oxygen  ; for  instance,  when  manganese  dioxide  is  heated  with  sulphuric 
acid,  sulphate  of  manganese  is  produced,  and  oxygen  disengaged — 

MnO..  + H..SO,  = Mn  SO,  + 0 + H20. 

Again,  if  chromic  anhydride  be  treated  in  the  same  way,  chromic  sulphate 
will  be  produced,  with  liberation  of  oxygen — 

2Cr0a  4-  3H2SO,  = Cr2.3S04  + Os  + 3H20. 

A mixture  of  potassium  dichromate  (K.,0.2Cr03)  and  sulphuric  acid  is 
sometimes  used  as  a source  of  oxygen. 

Sulphuric  acid  is  a dibasic  acid,  that  is,  it  contains  two  atoms  of 
hydrogen  which  may  be  replaced  by  a metal.  In  normal  sulphates,  both 
atoms  of  II  are  so  replaced,  as  in  K2S04,  the  normal  potassium  sulphate. 
When  oidy  a part  of  the  H is  replaced,  add  sulphates  are  produced  ; thus 
KHS04  is  acid  potassium  sulphate,  which  is  very  useful  in  blowpipe  and 
metallurgic  chemistry,  because,  when  heated,  it  yields  normal  potassium 
sulphate  and  sulphuric  acid;  2KHS04  = K.,S04  + II.,S04.  When  the 
two  atoms  of  II  in  H2S04  are  replaced  by  different  metals,  double  sul- 
phates are  formed ; potassium-alum,  KA1(S04).„  is  an  example  of  this 
class,  in  which  one-fourth  of  the  H in  2li,S04  is  replaced  by  potassium, 
and  the  other  three  atoms  by  triatomic  aluminium. 

The  following  table  exhibits  the  composition  of  the  sulphates  most 
frequently  met  with  : — 


Chemical  Name. 

Common  Name. 

Formula. 

Potassium  sulphate 
Sodium  sulphate  .... 
Hydropotassium  sulphate  . 
Ammonium  sulphate  . 

Barium  sulphate  .... 
Calcium  sulphate 

Sal  polychrest  . 
Glauber’s  salt  . 
Bisulphate  of  potash 

Heavy  spar 
Gypsum  . 

k,so4 

Na„SOr  10H..O 

KHSO, 

(NH4)2S04 

BaS04 

CaS04.2H.,0 

p 
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composition  of  sclphates — ( continued ). 


Chemical  Name. 

Common  Name. 

Formula. 

, Magnesium  sulphate  . 
Potassium-aluminium  sulphate  . 
Ammonium-aluminium  sulphate 
Potassium-chromium  sulphate  . 

Ferrous  sulphate . 

Manganous  sulphate  . 

Zinc  sulphate  .... 

Lead  sulphate  .... 

Cupric  sulphate  . 

Epsom  salts 
Potash-alum 
Ammonia-alum 
Chrome-alum  . 

Green  vitriol  . 1 

Copperas  . . j 

White  vitriol  . 

Blue  vitriol  . I 

Blue  stone  . J 

MgS04.7H„0 
KAl(S04)2."i2H,0 
NH4A1(S04)2.I2H„0 
KCr  (S  04)2. 1 2H20 

FeS04.7H,0 

MnS04-5H20 

ZnSOj.7H.TO 

PbS04 

CuS04.5H„0 

In  consequence  of  the  tendency  of  sulphuric  acid  to  break  up  into 
sulphur  dioxide  and  oxygen  at  a high  temperature,  most  of  the  sulphates 
are  decomposed  by  heat ; cupric  sulphate,  for  example,  when  very 
strongly  heated,  leaves  cupric  oxide,  whilst  sulphur  dioxide  and  oxygen 
escape;  CuS04=  CuO  + SO.,  + 0.  Ferrous  sulphate  is  more  easily  de- 
composed ; 2FeS04  = Fe,03  + SO,  + S03. 

The  normal  sulphates  of  potassium,  sodium, barium,  strontium,  calcium, 
and  lead  are  not  decomposed  by  heat,  and  sulphate  of  magnesium  is  only 
partly  decomposed  at  a very  high  temperature. 

When  a sulphate  of  an  alkali  or  alkaline  earth  metal  is  heated  with 
charcoal,  the  carbon  removes  the  whole  of  the  oxygen,  and  a sul- 
phide of  the  metal  remains,  thus  : — K.,S04  (. Potassium  sulphate)  + C4  = 
K,S  ( Potassium  sulphide)  + 4CO.  Hydrogen,  at  a high  temperature, 
effects  a similar  decomposition. 

Even  at  the  ordinary  temperature,  calcium  sulphate  in  solution  is 
sometimes  de-oxidised  by  organic  matter ; this  may  occasionally  be 
noticed  in  well  and  river  waters  when  kept  in  closed  vessels ; they 
acquire  a strong  smell  of  hydric  sulphide,  in  consequence  of  the  con- 
version of  a part  of  the  calcium  sulphate  into  sulphide  by  the  organic 
constituents  of  the  water,  and  the  subsequent  decomposition  of  the 
calcium  sulphide  by  the  carbonic  acid  present  in  the  water. 


Acids  containing  Hydrogen , Sulphur,  and  Oxygen. 


Sulphurous H2S03 

Sulphuric H,S04 

Thiosulphuric  (formerly  hyposulphurous) H,S,03 

Dithionous  H„S.,04 

Dithionic  H„8,06 

Trithionic  ...........  H2S3Ofi 

Tetrathionic  ..........  H„S40G 

Pentathionic H2S;A> 


147.  Hyposulphurous  or  thiosulphuric  acid * (H„S203). — This  acid  has 
not  been  obtained  in  the  separate  state ; but  many  salts  are  known  which 
are  evidently  derived  from  it,  and  such  salts  are  called  hyposidphites  or 
thiosulphates. 

The  sodium  hyposulphite  is  by  far  the  most  important  of  these  salts, 
being  very  largely  employed  in  photography,  and  as  a substitute  for 


* 'Wd,  under , containing  less  oxygen  than  sulphurous  acid.  The  name  hyposulphurous 
acid  is  now  often  bestowed  upon  dithionous  acid. 
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sodium  sulphite  as  an  antichlore.  The  simplest  method  of  preparing  it 
consists  in  digesting  powdered  roll  sulphur  with  solution  of  sodium 
sulphite  (Na2S03),  when  the  latter  dissolves  an  atom  of  sulphur  and 
becomes  hyposulphite  (Na2S203),  which  crystallises  from  the  solution, 
when  sufficiently  evaporated,  in  fine  prismatic  crystals,  having  the 
formula  Na2S20$.5H20. 

On  a large  scale,  sodium  hyposulphite  is  more  economically  prepared 
from  the  calcium  hyposulphite  obtained  by  exposing  the  refuse  ( tank- 
waste  or  socla-waste)  of  the  alkali  works  to  the  air  for  some  days.  This 
refuse  contains  a large  proportion  of  calcium  sulphide,  which  becomes 
converted  into  hyposulphite  by  oxidation  • 2CaS  + 04  = CaS203  + C'aO. 

The  hyposulphite  is  dissolved  out  by  water,  and  the  solution  mixed 
with  sodium  carbonate,  when  calcium  carbonate  is  precipitated  and 
sodium  hyposulphite  remains  in  solution — 

CaS203  + Na2C03  = CaC03  + Na,S,03. 

The  most  remarkable  and  useful  property  of  the  sodium  hyposulphite 
is  that  of  dissolving  the  chloride  and  iodide  of  silver,  which  are  insoluble 
in  water  and  most  other  liquids. 

On  mixing  a solution  of  silver  nitrate  with  one  of  sodium  chloride,  a white 
precipitate  of  silver  chloride  is  obtained,  the  separation  of  which  is  promoted  by 
stirring  the  liquid;  AgN03  + NaCl  = AgCl-f  NaN03.  The  precipitate  may  be 
allowed  to  settle  and  washed  twice  or  thrice  by  decantation.  One  portion  of  the 
silver  chloride  is  transferred  to  another  glass,  mixed  with  water,  and  solution  of 
sodium  hyposulphite  added  by  degrees.  The  silver  chloride  is  very  easily  dis- 
solved, yielding  an  intensely  sweet  solution,  which  contains  the  hyposulphite  of 
sodium  and  silver,  produced  b}r  double  decomposition  between  the  silver  chloride 
and  sodium  hyposulphite;  AgCl-f  Na2S.i03  = NaCl  + NaAgS.,03.  The  sodium  silver 
hyposulphite  may  be  obtained  in  crystals  from  the  solution. 

V>  hen  the  silver  chloride  is  acted  on  by  a smaller  proportion  of  the  hyposulphite, 
another  hyposulphite  of  sodium  and  silver  is  formed,  which  is  very  insoluble  in 
water;  2AgGT  + 3Na2S203=Ag2Na4(S203)3  + 2NaCl.  Hence  the  necessity  for  using 

a strong  solution  of  the  hyposulphite  in  fixing  photographic  prints. 

If  the  other  portion  of  the  silver  chloride  be  exposed  to  the  action  of  light,  and 
■especially  of  direct  sunlight,  it  assumes  by  degrees  a dark  slate  colour,  from  the 
formation  of  silver  subchloride  ; 4AgCl  . + H.,0  = 2Ag,Cl  + IIC1  + HCIO.  By  treating 
this  darkened  silver  chloride  with  sodium  hyposulphite,  as  before,  the  unaltered 
silver  chloride  will  be  entirely  dissolved,  but  the  subchloride  will  be  decomposed 
into  monocbloride,  which  dissolves  in  the  hyposulphite,  and  metallic  silver,  which 
is  left  in  a very  finely  divided  state  as  a black  powder ; Ag„Cl  = AgCl  + Ag.  The 
application  of  these  facts  in  photography  is  well  illustrated  by  the  following  expe- 
riments : — A sheet  of  paper  is  soaked  for  a minute  or  two  in  a solution  of  io  grains 
■of  common  salt  in  an  ounce  of  water  contained  in  a flat  dish.  It  is  then  dried, 
and  soaked  for  three  minutes  in  a solution  of  50  grains  of  silver  nitrate  in  an  ounce 
of  water.  The  paper  thus  becomes  impregnated  with  silver  chloride  formed  by 
the  decomposition  between  the  sodium  chloride  and  the  silver  nitrate.  It  is  now 
hung  up  in  a dark  place  to  dry.  If  apiece  of  lace,  or  a fern  leaf,  or  an  engraving 
on  thin  paper,  with  weU-marked  contrast  of  light  and  shade,  be  laid  upon  a sheet 
of  the  prepared  paper,  pressed  down  upon  it  by  a plate  of  glass  and  exposed  for  a 
short  time  to  sunlight,  a perfect  representation  of  the  object  will  be  obtained,  those 
parts  of  the  sensitive  paper  to  which  the  light  had  access  having  been  darkened 
b}  the  formation  of  silver  subchloride,  whilst  those  parts  which  were  protected 
from  the  light  remain  unchanged. 

But  if  this  photographic  print  were  again  exposed  to  the  action  of  light,  it 
would  soon  be  obliterated,  the  unaltered  silver  chloride  in  the  white  parts  being 
acted  on  by  light  in  its  turn.  The  print  is  therefore  fixed  by  soaking  it  for  a 
short  time  in  a saturated  soluiton  of  sodium  hyposulphite,  which  dissolves  the 
w hite  unaltered  silver  chloride  entirely,  and  decomposes  the  subchloride  formed 
^ the  action  of  light,  leaving  the  black,  finely  divided  metallic  silver  in  the  paper. 

e print  should  now  be  washed  for  two  or  three  hours  in  a gentle  stream  of 
vatei,  to  remove  all  the  silver  hyposulphite,  when  it  will  be  quite  permanent. 
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The  power  of  sodium  hyposulphite  to  dissolve  silver  chloride  has- 
also  been  turned  to  account  for  extracting  silver  from  its  ores,  in  which 
it  is  occasionally  present  in  the  form  of  chloride. 

The  behaviour  of  solution  of  sodium  thiosulphate  with  powerful  acids 
explains  the  circumstance  that  the  thiosulphuric  acid  has  not  been 
isolated,  for  if  the  solution  be  mixed  with  a little  diluted  sulphuric  or 
hydrochloric  acid,  it  remains  clear  for  a few  seconds,  and  then  becomes 
suddenly  turbid  from  the  separation  of  sulphur,  at  the  same  time  evolv- 
ing a powerful  odour  of  sulphur  dioxide  ; H.2S„03  = II 20  + S + SO,.  This 
disposition  of  the  thiosulphuric  acid  to  break  up  into  sulphur  dioxide 
and  sulphur  also  explains  the  precipitation  of  metallic  sulphides,  which 
often  takes  place  when  sodium  thiosulphate  is  added  to  the  acid  solu- 
tions of  the  metals.  Thus,  if  an  acid  solution  of  antimonious  chloride 
(obtained  by  boiling  crude  antimony  ore  (Sb,S,)  with  hydrochloric- 
acid)  be  added  to  a boiling  solution  of  sodium  thiosulphate,  the  sul- 
phur, separated  from  the  thiosulphuric  acid,  combines  with  the  anti- 
mony to  form  a fine  orange-red  precipitate  of  antimonious  sulphide 
(Sb,S„),  which  is  used  in  painting  under  the  name  of  antimony  vermilion. 
On  "the  large  scale,  the  solution  of  calcium  hyposulphite  obtained  from 
the  alkali  waste  is  employed  in  the  preparation  of  antimony  vermilion,, 
as  being  less  expensive  than  the  soclium-salt.  Lead  hyposulphite  dis- 
solved in  sodium  hyposulphite  is  used  as  a hair-dye,  depositing  the 
black  lead  sulphide. 

When  crystals  of  sodium  hyposulphite  are  heated  in  the  air,  they 
first  fuse  in  their  water  of  crystallisation,  then  dry  up  to  a white  mass, 
which  burns  with  a blue  flame,  leaving  a residue  of  sodium  sulphate. 
If  heated  out  of  contact  with  air,  sodium  pentasulphide  will  be  left  with 
the  sodium  sulphate  ; 4(Na„S„035H20)  = 2oH20  + 3Na,S04  + Na,S.. 

Some  of  the  reactions  of  "sodium  thiosulphate  become  more  intel- 
ligible when  the  salt  is  represented  as  sodium  sulphate,  SO„(lSraO)2,  in 
which  an  atom  of  sulphur  has  displaced  an  atom  of  oxygen,  SOg.iSTaO.NaS. 


Dithionous  or  hydroisul/phurous  add  * (H„S20.,). — When  an  aqueous  solution  of 
sulphurous  acid  is  placed  in  contact  with  zinc,  the  metal  is  dissolved,  forming  a 
yellow  solution  without  the  usual  evolution  of  hydrogen  ; the  solution  contains 
zinc  dithionite  ; 2H.,S0„  + Zn  = ZnS204  + 2H,,0. 

The  solution  bleaches  organic  colours,  even  Prussian  blue,  and  reduces  the 
salts  of  silver,  mercury,  and  copper  to  the  metallic  state.  It  is  very  unstable, 
soon  becoming  colourless  zinc  sulphite  ; ZnS204  + 0 + H,0  = ZnS03  + H.,S03. 

The  sodium  dithionite,  Na,S,0,,  is  obtained  by  digesting  zinc  in  solution  of  acid 
sulphite  of  sodium  ; 2NaHS03  + Zn  = Na.2S30.1  + Zn(H0).,. 

It  forms  needle-like  crystals  very  soluble  in  water,  insoluble  in  strong  alcohol, 
and  becoming  acid  sulphite  of  sodium,  NaHSO.,,  by  absorption  of  oxygen  from  the 
air.  By  decomposing  the  sodium  dithionite  with  oxalic  acid,  dithionous  acid  is 
obtained  as  an  orange -yellow  unstable  liquid. 

148.  Hijposulphuric  acid,  or  dithiomc  acid  (HoS.,0(i),  has  not  at  piesent  ac.quiied 
any  practical  importance.  To  prepare  a solution  of  the  acid,  manganese  dioxide 
in  a state  of  fine  division  is  suspended  in  water  and  exposed  to  a current  of 
sulphur  dioxide,  the  water  being  kept  very  cold  whilst  the  gas  is  passing.  A 
solution  of  manganous  dithionate  is  thus  obtained  ; 2S0„  + Mn02— 1I11S./  borne 
manganous  sulphate  is  always  formed  at  the  same  time  , S0.2-f  MnOo  — Mn>_()p  and 
if  the  temperature  be  allowed  to  rise,  this  will  be  produced  in  large  quant  ity. 

The  solution  containing  the  sulphate  and  dithionate  is  decomposed  by  solution 
of  baryta  (baryta- water),  when  manganous  oxide  is  precipitated,  together  with 
barium  sulphate,  and  barium  dithionate  is  left  m solution  fo  _ the  _ filtered 
solution  diluted  sulphuric  acid  is  carefully  added  until  all  the  barium  is  preci- 

♦ Often  called  hyposulphurous  acid. 
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pitated  as  sulphate,  when  the  solution  of  dithionic  acid  is  filtered  off  and 
evaporated  in  vacuo  over  oil  of  vitriol.  It  forms  a colourless  inodoious  liquid, 
which  is  decomposed,  when  heated,  into  sulphuric  acid  and  sulphur  dioxide , 
H„S.,06  = H..SO  | + SO...  Oxidising  agents  (nitric  acid,  chlorine,  &c.)  convert  it  into 

sulphuric  acid.  . 

The  dithionates  are  not  of  any  practical  importance  ; they  are  all  soluble,  and 
are  decomposed  by  heat,  leaving  sulphates,  and  evolving  sulphui  dioxide. 

140.  Trithionic  acid  (H2S306)  is  also  a practically  unimportant  acid.  It  is  pre- 
pared from  the  potassium  trithionate  which  is  formed  by  boiling  a stiong  solution 
of  acid  sulphite  of  potassium  with  sulphur  until  the  solution  becomes  colour- 
less, and  filtering  the  hot  solution  from  any  undissolved  sulphui  ; 6KTIS03  + >S  — 
2K0S.  0.+  K..S0  +3H.X).  The  solution  deposits  potassium  trithionate  in  prismatic 
crystals.  By  dissolving  these  in  water,  and  decomposing  the  solution  with  per- 
chloric acid,  the  potassium  is  precipitated  as  perchlorate,  and  a solution  of  trithi- 
onic acid  is  produced,  from  which  the  acid  has  been  obtained  in  crystals.  It  is, 
however,  very  unstable,  being  easily  resolved  into  sulphur  dioxide,  sulphuric  acid, 

and  free  sulphur ; H„S306=H.,S04  + S02  + S. 

150  Tetrathionic  acid  (H2S406)  is  rather  more  stable  than  the  preceding  acid, 
though  equally  devoid  of  practical  importance.  It  is  formed  when  barium  thio- 
sulphate, suspended  in  a little  water,  is  treated  with  iodine,  when  the  tetrathionate 
is  obtained  in  crystals  ; 2(BaS203)  + I2=BaI2+ BaS406. 

By  exactly  precipitating  the  barium  from  a solution  of  the  tetrathionate  by 
addition  of  diluted  sulphuric  acid,  the  solution  of  tetrathionic  acid  may  be 
obtained.  When  the  solution  is  boiled,  it  is  decomposed  into  sulphuric  acid, 
sulphur  dioxide,  and  free  sulphur  ; H2S.,06=H2S04  + S02  + S2. 

When  solution  of  ferric  chloride  is  added  to  sodium  thiosulphate,  a fine  purple 
colour  is  at  first  produced,  which  speedily  vanishes,  leaving  a colourless  solution. 
The  purple  colour  appears  to  be  due  to  the  formation  of  the  ferric  thiosulphate, 
which  speedily  decomposes,  the  ultimate  result  being  expressed  by  the  equation 
Fe.,Cl6  + 2(Na.,S.,03)  = Na,S4Ou  + 2FeCl2  + 2NaCl. 

151!  Pentathionic  acid  (H2S50B)  possesses  some  interest  as  resulting  from  the 
action  of  hyclric  sulphide  upon  sulphurous  acid,  when  much  sulphur  is  deposited, 
and  pentathionic  acid  remains  in  solution;  5H2S  + 5H2SO3  = H2S.O0+9H2O  + S5. 
To  obtain  a concentrated  solution  of  the  acid,  sulphuretted  hydrogen  and  sulphur 
dioxide  are  passed  alternately  through  the  same  portion  of  water  until  a large 
deposition  of  sulphur  has  taken  place.  This  is  allowed  some  hours  to  settle ; the 
clear  liquid  poured  off  and  the  solution  concentrated  by  evaporation,  first  over  a 
water-bath,  and  finally,  in  vacuo , over  oil  of  vitriol ; for  a concentrated  solution 
of  pentathionic  acid  is  decomposed  by  heat  into  sulphuric  acid  and  sulphur 
dioxide,  with  separation  of  sulphur;  H2S506=H2S04+S02+S8. 

Sulphur  sesquioxide,  S203,  is  an  unstable  blue  crystalline  solid,  obtained  by  the 
gradual  addition  of  sulphur  to  sulphuric  oxide  (S03)  in  the  cold.  It  dissolves 
in  fuming  sulphuric  acid  to  a blue  liquid,  but  is  decomposed  by  water,  alcohol, 
or  ether  with  separation  of  sulphur. 

Per  sulphuric  acid  is  the  name  given  by  Berthelot  to  a crystalline  compound, 
S207  formed  from  S02  and  O under  the  influence  of  electricity  of  high  tension,  or 
when  hydric  peroxide  acts  upon  H2S04.  It  is  volatile  and  very  unstable. 


Bisulphide  of  Carbon,  or  Carbon  Disulphide. 

CS2=76  parts  by  weight. 

152.  This  very  important  compound  (also  called  bisidphuret  of  carbon) 
is  found  in  small  quantity  among  the  products  of  destructive  distilla- 
tion of  coal,  and  is  very  largely  manufactured  for  use  as  a solvent  for 
sulphur,  phosphorus,  caoutchouc,  fatty  matters,  <fcc.  It  is  one  of  the 
few  compounds  of  carbon  which  can  be  obtained  by  the  direct  union  of 
their  elements,  and  is  prepared  by  passing  vapour  of  sulphur  over  char- 
coal heated  to  redness.  It  is  remarkable  that  no  heat  is  evolved  in 
this  act  of  combination. 

In  small  quantity  carbon  disulphide  is  easily  prepared  in  a tube  of  German 
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glass  (combustion-tube)  about  two  feet  long  and  half  an  inch  in  diameter 
(fig.  202). 

This  tube  is  closed  at  one  end,  and  a few  fragments  of  sulphur  dropped  into  it 
so  as  to  occupy  two  or  three  inches.  The  rest  of  the  tube  is  filled  up  with  small 


Fig.  202. 


fragments  of  recently  calcined  wood  charcoal.  The  tube  is  placed  in  a com- 
bustion-furnace, and  its  crpen  end  connected  by  a perforated  cork  with  a glass 
tube,  which  dips  just  below  the  surface  of  water  contained  in  a bottle  placed  in 
a vessel  of  very  cold  water.  That  part  of  the  tube  which  contains  the  charcoal 
is  first  surrounded  with  red-hot  charcoal,  and  when  it  is  heated  to  redness,  a little 
red-hot  charcoal  is  placed  near  the  end  containing  the  sulphur  (hitherto  protected 
by  a sheet-iron  screen),  so  that  the  vapour  of  sulphur  may  be  slowly  passed  over 
the  red-hot  charcoal.  The  disulphide  being  insoluble  in  water,  and  much  heavier 
(sp.  gr.  1.27),  is  deposited  beneath  the  water  in  the  receiver.  To  purify  the 
carbon  disulphide  from  the  water  and  the  excess  of  sulphur  which  is  deposited 

wdth  it,  the  water  is  carefully  drawn  off  with 
a small  siphon,  the  disulphide  transferred  to  a 
flask,  and  a few  fragments  of  calcium  chloride 
dropped  into  it  to  absorb  the  water.  A bent 
tube  connected  with  a Liebig’s  condenser, 
or  with  a worm,  is  attached  to  the  flask  (fig. 
203)  by  a perforated  cork,  and  the  flask  is 
gently  heated  in  a water-bath,  when  the  car- 
bon disulphide  is  distilled  over  as  a perfectly 
colourless  liquid.  The  inflammability  of  the 
disulphide  renders  great  care  necessary. 

On  a large  scale,  a fire-clay  or  cast-iron 
retort  is  filled  with  fragments  of  charcoal 
and  heated  to  redness,  pieces  of  sulphur 
being  occasionally  dropped  in  through  an 
earthenware  tube  passing  to  the  bottom 
of  the  retort.  When  very  large  quantities  are  made,  coke  is  employed, 
and  the  vapour  of  sulphur  is  obtained  from  iron  pyrites.  The  carbon 
disulphide  is  possessed  of  some  very  remarkable  properties  : it  is  a very 
brilliant  liquid,  the  light  passing  through  which  at  certain  angles  is 
partly  decomposed  into  its  component  coloured  rays  before  it  reaches 
the  eye.  These  properties  are  dependent  upon  its  high  refractive  and 
dispersive  powers,  which  are  turned  to  great  advantage  in  optical 
experiments,  especially  in  spectrum  analysis,  where  the  rays  emanating 
from  a coloured  flame  are  analysed  by  passing  them  through  a prisma- 
tic bottle  filled  with  carbon  disulphide.  It  is  also  highly  diathermic, 
that  is,  it  allows  rays  of  heat  to  pass  through  it  with  comparatively 
little  loss,  so  that  if  it  be  rendered  opaque  to  light  by  dissolving 
iodine  in  it,  the  rays  of  light  emanating  from  a luminous  object  may 
be  arrested,  whilst  the  calorific  rays  are  allowed  to  pass.  Carbon 
disulphide  is  a very  volatile  liquid,  readily  assuming  the  form  of 
vapour  at  the  ordinary  temperature,  and  boiling  at  nS°.5  F.  (48°  C.). 
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Its  vapour,  wlien  diluted  with  air,  has  a very  disgusting  and  exag- 
gerated odour  of  sulphuretted  hydrogen,  but  the  smell  at  the  mouth  of 
the  bottle  is  ethereal  and  not  unpleasant  if  the  disulphide  has  been 
carefully  purified. 

The  rapid,  evaporation  of  carbon  disulphide  is,  of  course,  productive  of  great 
cold.  If  a few  drops  be  placed  in  a watch-glass  and  blown  upon,  they  soon  pass 
off  in  vapour,  and  the  temperature  of  the  glass  is  so  reduced  that  some  of  the 
disulphide  is  frozen ; this  melts  when  the  glass  is  placed  in  the  palm  of  the 
hand.  If  a glass  plate  be  covered  with  water,  a watch-glass  containing  carbon 
disulphide  placed  on  it,  and  evaporation  promoted  by  blowing  through  a tube 
the  watch-glass  will  be  frozen  on  to  the  plate,  so  that  the  latter  may  be  lifted 
up  by  it.  _ . . 

The  carbon  disulphide  is  exceedingly  inflammable ; it  takes  fire  at  a 
temperature  far  below  that  required  to  inflame  ordinary  combustible 
bodies,  and  burns  with  a bright  blue  flame,  producing  carbonic  and 
sulphurous  acid  gases  (CS2  + 06  = C02  + 2SO.),  and  having  a great  ten- 
dency to  deposit  sulphur  unless  the  supply  of  air  is  vei}  good. 

The  heat  of  combustion  of  CS„  exceeds  by  222  centigrade  units  the  sum  of  the 
heat  evolved  by  the  combustion"  of  its  constituents  in  the  separate  form,  this 
amount  of  heat  having  been  absorbed  in  the  act  of  combination  between  carbon 
and  sulphur ; hence  carbon  disulphide  is  endothermic. 

If  a little  carbon  disulphide  be  dropped  into  a small  beaker,  it  may  be  inflamed 
by  holding  in  its  vapour  a test-tube  containing  oil  heated  to  about  300°  F. 
(149°  C.), 'which  will  be  found  incapable  of 
firing  gunpowder  or  of  inflaming  any  ordinary 
combustible  substance. 

The  abundance  of  sulphur  separated  in  the 
flame  of  carbon  disulphide  enables  it  to  burn 
iron  by  converting  it  into  sulphide.  If  some 
carbon  disulphide  be  boiled  in  a test-tube  pro- 
vided with  a piece  of  glass  tube  from  which 
the  vapour  may  be  burnt,  and  a piece  of  thin 
iron  wire  be  held  in  the  flame  (fig.  204),  it  will 
burn  with  vivid  scintillation,  the  fusible  fer- 
rous sulphide  dropping  off. 

The  vapour  of  carbon  disulphide  acts 
very  injuriously  if  breathed  for  any 
length  of  time,  producing  symptoms 
somewhat  resembling  those  caused  by 
sulphuretted  hydrogen.  Its  poisonous 
properties  have  been  turned  to  account 
for  killing  insects  in  grain  without  injur  - 


Fig.  204. 


Iw*  . /> 

The  chief  applications  of  carbon  disulphide  depend  upon  its  power  ot 
dissolving  the  oils  and  fats.  After  as  much  oil  as  possible  has  been 
extracted  from  seeds  and  fruits  by  pressure,  a fresh  quantity  is  obtained 
by  treating  the  pressed  cake  with  carbon  disulphide,  which  is  afterwards 
recovered  by  distillation  from  the  oil.  In  Algiers  it  is  employed  foi 
extracting  the  essential  oils  in  which  reside  the  perfumes  of  roses, 
jasmine,  lavender,  &c.  ... 

Carbon  disulphide  has  often  been  made  a starting-point  111  the 
attempts  to  produce  organic  compounds  by  synthesis.  It  may  be  em- 
ployed in  the  formation  of  the  hydrocarbons  which  are  usually  derived 
from  organic  sources ; for  if  it  be  mixed  with  hydric  sulphide  (by 
passing  that  gas  through  a bottle  containing  the  disulphide  gently 
warmed), and  passed  over  copper-turnings  heated  to  redness  in  a porcelain 
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tube,  olefiant  gas  will  be  produced;  2CS2  + 2H3S  + Cug  = 6CuS  + CLH  . 
Marsh  gas  may  be  obtained  in  the  same  way. 

The  action  of  carbon  disulphide  upon  ammonia  is  practically  important 
tor  the  easy  production  of  ammonium  sulphocyanide,  which  is  formed 
when  the  disulphide  is  dissolved  in  alcohol,  and  acted  on  by  ammonia 
with  the  aid  of  heat ; CS,  + 2NH3  = H,S  + NH4CNS. 

_ Carbon  disulphide  is  often  called  sulphocarbonic  acid ; it  combines 
with  some  of  the  sulphur-bases  to  form  sulphocarbonates  or  thiocarbonates, 
which  correspond  to  the  carbonates,  containing  sulphur  in  place  of 
oxygen.  Thus  when  a solution  of  potassium  sulphide  is  mixed  with  an 
excess  of  carbon  disulphide,  potassium  sulpliocarbonate  is  obtained  in 
orange-yellow  crystals.  Even  the  hydrogen  compound  corresponding  in 
composition  to  the  unknown  li„C03  may  be  obtained  as  a yellow  oily 
liquid  by  decomposing  potassium  sulpliocarbonate  with  hydrochloric  acid  : 
Iv„CS3  + 2HCI  = H„CS3  + 2KCI.  Potassium  thiocarbonate  is  applied  for 
the  destruction  of  the  phylloxera  insect  which  infests  vines.  As  would 
be  expected,  the  thiocarbonates,  when  boiled  with  water,  exchange  their 
sulphur  for  oxygen,  becoming  carbonates;  K,CS3  + 3H,0  - K„C03  + 3H,S. 

Small  quantities  of  CS,  may  be  identified  by  dissolving  in  alcoholic 
potash  and  adding  cupric  sulphate,  which  gives  a yellow  precipitate  of 
cuj^rous  xantliate,  Cu,S.CS.OC,H.. 

The  carbon  disulphide  vapour  in  coal  gas  is  one  of  the  most  injurious 
of  the  impurities,  and  one  of  the  most  diificult  to  remove  with  economy. 

It  is  especially  injurious,  because,  when  burning  in  the  presence  of 
aqueous  vapour,  a part  of  its  sulphur  is  converted  into  sulphuric  acid, 
the  corrosive  effects  of  which  are  so  damaging.  Several  processes  have 
been  devised  for  its  removal.  Passing  over-heated  iron  converts  part  of 
it  into  H,S,  which  is  removed  in  the  purifiers.  The  gas  has  been  washed 
with  the  ammoniacal  liquor  (containing  ammonium  sulphide),  which 
absorbs  the  disulphide.  Steam,  at  a high  temperature,  has  been  em- 
ployed to  convert  it  into  hydrosulphuric  acid  and  carbon  dioxide,  which 
are  both  easily  removed  from  the  gas ; CS,  + 2H.O  = CO_,  + 2H,S.  Lime 
at  a red  heat  decomposes  it  in  a similar  way;  CS,  + 3CaO  = CaC03  + 2CaS. 
Oxide  of  lead  dissolved  in  caustic  soda  has  been  used  to  convert  it  into 
sulphide  of  lead  ; CS2  + 2PbO  + 2NaH0  = 2PbS  + Na,C03  + H,0.  At 
present,  however,  it  retains  its  character  as  one  of  the  most  troublesome 
impurities  with  which  the  gas  manufacturer  has  to  deal. 

Carbon  monosulpliide,  CS,  is  deposited  when  CS.,  is  exposed  to  sunlight,  or  left 
for  some  weeks  in  contact  with  iron  wire  ; 2CS,  + Fe  = FeS,  + 2CS.  The  FeS,  is 
dissolved  out  by  HC1,- leaving  the  CS  as  a red-brown  powder,  of  sp.  gr.  1.66, 
insoluble  in  alcohol  and  benzene,  slightly  soluble  in  hot  ether  and  CS2.  It  is 
soluble  in  boiling  nitric  acid  and  in  boiling  strong  potash.  At  about  260°  C.  it 
is  decomposed  into  carbon,  sulphur,  and  a little  disulphide.  It  is  converted  into 
the  latter  by  heating  with  excess  of  sulphur. 

Carbon  oxysulpiude  (COS  = 60  parts  by  weight  = 2 volumes).— This  compound, 
which  may  be  regarded  as  hvdrie  sulphide  in  which  CO  has  replaced  H.„  is 
formed  when  a mixture  of  carbonic  oxide  with  sulphur  vapour  is  acted  on  by 
electric  sparks,  or  passed  through  a red-hot  porcelain  tube. 

It  is  easily  prepared  by  gently  heating  the  potassium  sulphocyanide  with  oil  of 
vitriol  diluted  with  four-fifths  of  its  volume  of  water,  and  collecting  the  gas  over 
mercury.  The  action  of  the  sulphuric  acid  upon  the  sulphocyanide  produces  hydro- 
sulphocyanic  acid;  KCNS  (potassium  sulphocyanide)  + ILSO.,  = HCNS  + KHSCq  ; 
which  is  then  decomposed  by  the  water  in  the  presence  of  the  excess  of  sulphuric 
acid,  into  the  carbonic  oxysulpbide  gas  and  ammonia,  which  combines  with  the 
sulphuric  acid  ; HCNS + H20  = NH3  + COS.  The  gas  has  a peculiar  disagreeable 
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odour,  recalling  that  of  carbon  disulphide ; it  is  more  than  twice  as  heavy  as 
air  (sp.  gr.  2.11),  and  is  very  inflammable,  burning  with  a blue  flame,  and  yield- 
ing carbonic  and  sulphurous  acid  gases.  Potash  absorbs  and  decomposes  it, 
yielding  carbonate  and  sulphide  of  potassium  ; COS  4-  4KPIO  = K2S  + K,,C03  + 2H20. 
Ammonia  absorbs  it  freely,  and,  on  evaporation,  evolves  H.,S  and  deposits  crystals 
of  urea;  C0S  + 2NH3=H.,S  + C0(NH,).,. 

153.  Silicon  disulphide  (SiS2),  corresponding  in  composition  to  carbon  disulphide, 
is  obtained  by  burning  silicon  in  sulphur  vapour,  or  by  passing  vapour  of  carbon 
disulphide  over  a mixture  of  silica  and  charcoal.  U nlike  the  carbon  compound, 
it  is  a white  amorphous  solid,  absorbing  moisture  when  exposed  to  air,  and  soluble 
in  water,  which  gradually  decomposes  it  into  silica  and  hyclric  sulphide.  When 
heated  in  air  it  burns  slowly,  yielding  silica  and  sulphur  dioxide. 

154.  Nitrogen  sulphide  (NS)  is  a yellow  crystalline  explosive  substance,  produced 
when  chloride  of  sulphur,  dissolved  in  carbon  disulphide,  is  acted  on  by  gaseous 
ammonia,  8NH3  4-  3SXL  = 6NH ,C1  + 2NS  + S.,,  when  ammonium  chloride  is  depo- 
sited, and  the  filtered  liquid,  allowed  to  evaporate,  deposits  sulphide  of  nitrogen 
mixed  with  sulphur,  which  may  be  dissolved  out  by  carbon  disulphide,  in  which 
the  nitrogen  compound  is  nearly  insoluble  ; this  substance  is  remarkable  for  its 
sparing  solubility,  its  irritating  odour,  and  its  explosibility  when  struck  or 
moderately  heated,  its  elements  being  held  together  by  a very  feeble  attraction. 

Di-boron  trisidphide  (B2S3)  is  a yellowish,  vitreous,  volatile  solid. 

155.  Chlorides  of  sulphur. — The  subchloride,  or  chloride  of  sulphur, 
or  sulphur  monochloride  (S2C1„  =135  parts  by  weight),  is  the  most  im- 
portant of  these,  since  it  is  employed  in  the  process  of  vulcanising 
caoutchouc.  It  is  very  easily  prepared  by  passing  dry  chlorine  over 
sulphur  very  gently  heated  in  a retort  (fig.  205) ; the  sulphur  quickly 


melts,  and  the  sulphur  monochloride  distils  over  into  the  receiver  as  a 
yellow  volatile  liquid,  boiling  at  280°  F.  (138°  C.),  which  has  a most 
peculiar  odour.  It  fumes  strongly  in  air,  the  moisture  decomposing  it, 
forming  hydrochloric  and  sulphurous  acids,  and  causing  a deposit  of 
sulphur  upon  the  neck  of  the  bottle ; 2S.(C10  + 3H0O  = 4HCI  + H2S03  + S3. 

When  poured  into  water,  it  sinks  (sp.  gr.  1.68)  and  slowly  undergoes 
decomposition ; the  separated  sulphur,  of  course,  belongs  to  the  electro- 
positive variety  (see  p.  189),  and  the  solution  contains,  beside  hydro- 
chloric and  sulphurous  acids,  some  of  the  acids  containing  a larger  pro- 
portion of  sulphur.  If  phosphorus  dissolved  in  carbon  disulphide  be 
mixed  with  sulphur  monochloride,  the  liquid  will  take  fire  on  addition 
of  ammonia.  The  specific  gravity  of  the  vapour  of  S,C12  is  4.7,  showing 
that  it  is  68  times  as  heavy  as  hydrogen,  giving  for  its  molecular  weight 
136,  which  agrees  very  nearly  with  that  calculated  (135)* 
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Sulphur  dichloride  (SC12)  is  a far  less  stable  compound  than  the  preceding 
chloride,  from  which  it  is  obtained  by  the  action  of  an  excess  of  chlorine.  It  is 
a claik  red  fuming  liquid,  easily  resolved,  even  by  sunlight,  into  free  chlorine  and 
sulphur  monochloride.  Sulphur  tetrachloride  (SC14)  has  also  been  obtained. 

. Sulphur  monobromide  (S,Br„)  is  a liquid  boiling  at  about  200°  C. 

/Sulphur  di-iodide  (SI2)  is  a crystalline  unstable  substance,  produced  by  the  direct 
union  of  its  elements,  and  occasionally  employed  in  veterinary  medicine  under  the 
name  of  black  sulphur. 

Sulphur  moniodide  (S,,I„)  is  obtained  in  large  tabular  crystals,  resembling  iodine, 
by  decomposing  the  sulphur  monochloride  with  ethyle  iodide — 

S..CL  + 2C,H5I  S.J.,  + 2C..H.C]. 

Sidphur  hexiodicle  (SI0)  is  known. 


Selenium. 

Se  = 79.5  parts  by  weight. 

156.  Selenium  (SeXi)^,  the  moon ) is  a rare  element,  very  closely  allied  to  sulphur 
in  its  natural  history,  physical  characters,  and  chemical  relations  to  other  bodies. 
It  is  found  sparingly  in  the  free  state  associated  with  some  varieties  of  native 
sulphur,  but  more  commonly  in  combination  with  metals,  forming  selenides,  which 
are  found  together  with  the  sulphides.  The  iron  pyrites  of  Fahlun,  in  Sweden, 
is  especially  remarkable  for  the  presence  of  selenium,  and  was  the  source  whence 
this  element  was  first  obtained.  The  Fahlun  pyrites  is  employed  for  the  manu- 
facture of  oil  of  vitriol,  and  in  the  leaden  chambers  a reddish-brown  deposit  is 
found,  which  was  analysed  by  Berzelius  in  1817,  and  found  to  contain  the  new 
element. 

In  order  to  extract  selenium  from  the  seleniferous  deposit  of  the  vitriol  works, 
it  may  be  boiled  with  sulphuric  acid  diluted  with  an  equal  volume  of  water,  and 
nitric  acid  added  in  small  portions  until  the  oxidation  is  completed,  when  no 
more  red  fumes  will  escape.  The  solution,  containing  selenious  and  selenic  acids, 
is  largely  diluted  with  water,  filtered  from  the  undissolved  matters,  mixed  with 
about  one-fourth  of  its  bulk  of  hydrochloric  acid,  and  somewhat  concentrated  by 
evaporation,  when  the  hydrochloric  acid  reduces  the  selenic  to  selenious  acid — 
H2Se04  + 2HCI  = H„Se03  + H20  + CL. 

A current  of  sulphurous  acid  gas  is  now  passed  through  the  solution,  when  the 
selenium  is  precipitated  in  fine  red  flakes,  which  collect  into  a dense  black  mass 
when  the  liquid  is  gently  heated ; HLSeO.,  + H,0  + 2 SO,  = 2H2S04  + Se. 

The  proportion  of  selenium  in  the  deposit  from  the  leaden  chambers  is  variable. 
The  author  has  obtained  3 per  cent,  by  this  process. 

Selenium,  like  sulphur,  is  capable  of  existing  in  three  allotropic  states  : the  red 
amorphous  variety  precipitated  from  its  solutions,  or  sublimed  like  flowers  of 
sulphur ; the  black  vitreous  form ; and  the  crystalline  form,  deposited  from  its 
solution  in  carbon  disulphide,  in  which  it  is  far  less  easily  dissolved  than  sulphur. 
Vitreous  selenium,  when  heated,  fuses  at  a little  above  ioo°  C.,  boils  below  a red 
heat,  and  is  converted  into  a deep  yellow  vapour,  which  expands  when  heated  in 
the  same  anomalous  manner  as  vapour  of  sulphur.  The  crystalline  selenium  has 
a much  higher  fusing  point. 

Selenium  is  less  combustible  than  sulphur ; when  heated  in  air  it  burns  with  a 
blue  flame,  and  emits  a peculiar  odour  like  that  of  putrid  horse-radish,  which 
appears  to  be  due  to  the  formation  of  a little  selenietted  hydrogen  from  the 
moisture  of  the  air.  When  heated  with  oil  of  vitriol,  selenium  forms  a green 
solution  which  deposits  the  selenium  again  when  poured  into  water. 

Vitreous  selenium  is  a very  bad  conductor  of  electricity,  but  crystalline  selenium 
is  a fair  conductor,  and  conducts  better  in  light  than  in  darkness,  which  is  taken 
advantage  of  in  th e pliotophone. 

Selenium  dioxide  (SeO,),  corresponding  to  sulphur  dioxide,  is  the  product  of 
combustion  of  selenium  in  oxygen.  It  is  best  obtained  by  dissolving  selenium  in 
boiling  nitric  acid  (which  would  convert  sulphur  into  sulphuric  acid),  and  evapo- 
rating to  dryness,  when  the  selenium  dioxide  remains  as  a white  solid  which 
sublimes  in  needle-like  crystals  when  heated.  When  dissolved  in  boiling  water, 
it  yields  crystalline  selenious  acid,  H2Se03. 

Selenic  acid  (H„SeO,). — Potassium  selenate  is  formed  when  selenium  is  oxidised 
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by  fused  nitre  ; 2KN03  + Se  = K,Se04  + 2NO.  By  dissolving  the  potassium  selenate 
in  water,  and  adding  lead  nitrate,  a precipitate  of  lead  selenate  (PbSe04)  is 
obtained,  and  if  this  be  suspended  in  water  and  decomposed  by  passing  hydro- 
sulphuric  acid  gas,  lead  will  be  removed  as  insoluble  sulphide,  and  a solution  of 
selenic  acid  will  be  obtained ; PbSe04  + H.,S  = H2Se04  + PbS.  This  solution  may  be 
evaporated  till  it  has  a sp.  gr.  of  2.6,  when  it  very  closely  resembles  oil  of  vitriol. 
It  is  decomposed,  however,  at  about  550°  F.,  evolving  oxygen,  and  becoming 
selenious  acid.  It  oxidises  the  metals  like  oil  of  vitriol,  and  even  dissolves  gold. 
The  selenates  closely  resemble  the  sulphates,  but  they  are  decomposed  when  heated 
with  hydrochloric  acid,  chlorine  being  evolved  and  selenious  acid  produced. 

Hydroselenic  acid,  or  selenietted  hydrogen  (H„Se),  is  the  analogue  of  sulphuietted 
hvclrogen,  and  is  produced  by  a similar  process.  It  is  even  more  offensive  and 
poisonous  than  that  gas,  and  acts  in  a similar  way  upon  metallic  solutions,  pre- 
cipitating the  selenides.  _ 

There  are  two  chlorides  of  selenium:  the  monochlori.de,  Se2Cl2,'a  brown  volatile 
liquid  corresponding  to  sulphur  monochloride ; and  the  tetrachloride,  SeCl4.  a 
white  crystalline  solid. 

Notwithstanding  the  resemblance  between  the  two  elements,  there  are  two  sul- 
phides of  selenium:  a disulphide  (SeS„)  and  a trisulphide  (SeS3).  The  former  is 
obtained  as  a yellow  precipitate  when  hydric  sulphide  acid  is  passed  into  solution 
of  selenious  acid. 


Tellurium. 

Te  = 1 28  parts  by  weight. 

157.  Tellurium  (from  teUus,  the  earth)  is  connected  with  selenium  by  analogies 
stronger  than  those  which  connect  that  element  with  sulphur.  It  is  even  less 
frequently  met  with  than  selenium,  being  found  chiefly  in  certain  Transylvanian 
gold  ores.  It  occasionally  occurs  in  an  uncombined  form,  but  more  frequently  in 
combination  with  metals.  It  has  recently  been  found  in  Colorado,  masses  of 
native  tellurium  up  to  12  kilos,  in  weight  having  been  met  with  ; also  color adoite , 
or  mercuric  telluride,  HgTe.  Bismuth  telluride,  or  tetradymite,  Bi.,Te3,  has  been 
found  in  California,  and  lead  telluride,  or  altaite,  in  North  Carolina.  Foliated  or 
graphic  tellurium,  or  sylvanite,  is  a black  material  containing  the  tellurides  of  silver 
and  gold.  Arsenical  pyrites  sometimes  contains  tellurium,  apparently  as  TeS.,. 

Tellurium  is  extracted  from  the  foliated  ore  by  a process  similar  to  that  for 
obtaining  selenium.  From  bismuth  telluride  it  is  procured  by  strongly  heating  the 
ore  with  a mixture  of  potassium  carbonate  and  charcoal,  when  potassium  telluride 
is  formed,  which  dissolves  in  water  to  a purple-red  solution,  from  which  tellurium 
is  deposited  on  exposure  to  air. 

Tellurium  much  more  nearly  resembles  the  metals  than  the  non-metals  in  its 
physical  properties,  and  is  on  that  account  often  classed  among  the  former,  but 
it  is  not  capable  of  forming  a true  basic  oxide.  In  appearance  it  is  very  similar 
to  bismuth  (with  which  it  is  so  frequently  found),  having  a pinkish  metallic  lustre, 
and  being,  like  that  metal,  crystalline  and  brittle.  It  fuses  below  a red  heat,  and 
is  converted  into  a yellow  vapour  at  a high  temperature.  When  heated  in  air  it 
burns  with  a blue  flame  edged  with  green,  and  emits  fumes  of  tellurium  dioxide 
(TeO„)  and  a peculiar  odour. 

Like  selenium,  tellurium  is  dissolved  by  strong  sulphuric  acid,  yielding  a 
purple-red  solution,  from  which  water  precipitates  it  unchanged. 

The  oxides  of  tellurium  correspond  in  composition  to  those  of  selenium.  Tellu- 
rous  acid  (H._,Te03)  is  precipitated  when  a solution  of  tellurium  in  diluted  nitric 
acid  is  poured  into  water.  If  the  nitric  solution  is  boiled,  a crystalline  precipi- 
tate of  tellurous  anhydride  is  obtained.  Unlike  selenious  acid,  tellurous  acid  is 
sparingly  soluble  in  water.  The  anhydride  is  easily  fusible,  forming  a yellow 
glass,  which  becomes  white  on  cooling,  and  may  be  sublimed  unchanged.  Tellu- 
rous acid  is  rather  a weak  acid,  and  with  some  of  the  stronger  acids  the  anhy- 
dride forms  soluble  compounds  in  which  it  takes  the  part  of  a very  feeble  base. 

Telluric  acid  (H.,TeO,)  is  also  a weak  acid  obtained  by  oxidising  tellurium  with 
nitre,  precipitating  the  potassium  tellurate  with  barium  chloride,  and  decompos- 
ing the  barium  tellurate  with  sulphuric  acid.  On  evaporating  the  solution, 
crystals  of  telluric  acid  (H„Te042H.,0)  are  obtained,  which  become  H.TeO,  at  a 
moderate  heat,  and  when  heated  nearly  to  redness  are  converted  into  an  orange- 
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yeRow  powder,  which  is  the  anhydride.  In  this  state  it  is  insoluble  in  acids  and 
ailtaiies.  When  strongly  heated,  it  evolves  oxygen,  and  becomes  tellurous  anhy- 
< 1 1(f e-  the  tellurates  are  unstable  salts  which  are  converted  into  tellurites  when 
heated.  Solutions  of  alkaline  tellurates  yield  a precipitate  of  tellurium  when 
boiled  with  alkaline  carbonates  and  glucose. 

Telluretted  hydrogen,  or  hydrotellur  ic  ackl  (H„Te),  exhibits  in  the  strongest  manner 
the  chemical  analogy  of  tellurium  with  selenium  and  sulphur.  It  is  a gas  veri- 
similar to  sulphuretted  hydrogen  in  smell,  and  in  most  of  its  other  properties. 
When  its  aqueous  solution  is  exposed  to  the  air,  it  yields  a brown  deposit  of  tel- 
lurium. When  passed  into  metallic  solutions  it  precipitates  the  tellurides.  The 
gas  is  prepared  by  decomposing  telluride  of  zinc  with  hydrochloric  acid. 

The  most  characteristic  property  of  tellurium  compounds  is  that  of  furnishing 
the  purple  solution  of  potassium  telluride,  when  fused  with  potassium  carbonate 
and  charcoal,  and  treated  with  water.  Two  solid  chlorides  of  tellurium  have  been 
obtained ..  TeCL  is  a black  solid  with  a violet-coloured  vapour,  and  is  decomposed 
by  water  into  tellurium  and  TeCl,.  The  latter  may  be  obtained  as  a white  crys- 
talline volatile  solid,  decomposed,  by  much  water,  into  hydrochloric  and  tellurous 
acids.  There  are  also  two  sulphides  of  tellurium  corresponding  to  the  oxides,  from 
which  they  may  be  obtained  as  dark  brown  precipitates  by  the  action  of  hydro- 
sulphuric  acid.  They  are  both  soluble  in  alkaline  sulphides. 

158.  Review  of  the  sulphur  group  of  elements. — The  three  elements — 
sulphur,  selenium,  and  tellurium — exhibit  a relation  of  a similar  character 
to  that  observed  between  the  members  of  the  chlorine  group,  both  in 
their  physical  and  chemical  properties. 

Sulphur  is  a pale  yellow  solid,  easily  fusible  and  volatile,  without  any 
trace  of  metallic  lustre,  and  of  specific  gravity  2.05  (sp.  gr.  of  vapour, 
2.23).  Selenium  is  either  a red  powder  or  a lustrous  mass  appearing 
black,  but  transmitting  red  light  through  thin  layers  • much  less  fusible 
and  volatile  than  sulphur,  and  of  specific  gravity  4.8  (sp.  gr.  of  vapour, 
5.68).  Tellurium  has  a brilliant  metallic  lustre,  is  much  less  fusible  and 
volatile  than  selenium,  and  of  specific  gravity  6.65  (sp.  gr.  of  vapour,  9.0). 

Sulphur  (atomic  weight  32)  has  the  most  powerful  attraction  for 
oxygen,  hj'drogen,  and  the  metals.  Selenium  (atomic  weight  79.5)  ranks 
next  in  the  order  of  chemical  energy.  Tellurium  (atomic  weight  129) 
has  a less  powerful  attraction  for  oxygen,  hydrogen,  and  the  metals, 
than  either  sulphur  or  selenium.  This  element  appears  to  stand  on 
neutral  ground  between  the  non-metallic  bodies  and  the  less  electro- 
positive metals. 

PHOSPHORUS. 

P = 3i  parts  by  weight.* 

159.  This  is  the  only  element  for  the  ordinary  preparation  of  which 
animal  substances  are  employed.  It  is  never  known  to  occur  uncombined 
in  nature,  but  it  is  found  abundantly  in  the  form  of  phosphate  of  lime  or 
tricalcic  diphosphate , 3Ca0.P.,0.  or  Ca3(P04).„  which  is  contained  in  the 
minerals  coprolite,  phosphorite , and  apatite , and  occurs  diffused,  though 
generally  in  small  proportion,  through  all  soils  upon  which  plants  will 
grow,  for  this  substance  is  an  essential  constituent  of  the  food  of  most 
plants,  and  especially  of  the  cereal  plants  which  form  so  large  a propor- 
tion of  the  food  of  animals.  The  seeds  of  such  plants  are  especially  xicli 
in  the  phosphates  of  calcium  and  magnesium. 

* The  vapour  of  phosphorus  is  62  times  as  heavy  as  hydrogen,  so  that  its  atom  only 
occupies  half  a volume,  if  the  atom  of  hydrogen  be  taken  to  occupy  one  volume  ; and  the 
molecule  of  phosphorus  (P4)  occupying  two  volumes,  would  consist  of  four  atoms  instead 
of  two.  At  very  high  temperatures  the  specific  gravity  of  phosphorus  vapour  diminishes, 
showing  a tendency  to  conform  to  the  ordinary  law  of  volumes. 
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Animals  feeding  upon  these  plants  still  further  accumulate  the  phos- 
phorus, for  it  enters,  chiefly  in  the  form  of  calcium  phosphate,  into  the 
composition  of  almost  every  solid  and  liquid  in  the  animal  body,  and  is 
especially  abundant  in  the  bones,  which  contain  about  three-fifths  of 
their  weight  of  calcium  phosphate. 

Composition  of  the  Bones  of  Oxen. 


Animal  matter  (Osseine) 3°oS 

Calcium  phosphate 57-67 

,,  fluoride 2-69 

,,  carbonate 6.99 

Magnesium  phosphate  .....  2.07 


100.00 

Wlmt  is  here  termed  animal  matter  is  a cartilaginous  substance,  con- 
verted into  gelatin  when  the  bones  are  heated  with  water  under  pressure, 
and  containing  carbon,  hydrogen,  nitrogen,  and  oxygen.  It  was  formerly 
the  custom  to  get  rid  of  this  by  burning  the  bones  in  an  open  fire,  but 
the  increased  demand  for  chemical  products,  and  the  diminished  supply 
of  bones,  have  taught  economy,  so  that  the  cartilaginous  matter  is  now 
dissolved  out  by  heating  the  bones  with  water  at  a high  pressure  for  the 
manufacture  of  glue  • or  the  bones  are  subjected  to  destructive  distilla- 
tion, so  as  to  save  the  ammonia  which  they  evolve,  and  the  bone  charcoal 
thus  produced  is  used  by  the  sugar-refiner  until  its  decolorising  powers 
are  exhausted,  when  it  is  heated  in  contact  with  air  to  burn  away  the 
charcoal,  and  leave  the  bone-ash,  consisting  chiefly  of  calcium  phosphate, 
Ca3(PO.t).,.  In  order  to  extract  the  phosphorus,  the  bone-ash  is  heated 
for  some  time  with  diluted  sulphuric  acid,  which  removes  the  greater 
part  of  the  calcium  in  the  form  of  the  sparingly  soluble  sulphate,  leaving 
the  phosphoric  acid  in  the  solution,  which  is  strained  from  the  deposit, 


Fig.  206. — Extraction  of  phosphorus. 

evaporated  to  a syrup,  mixed  with  charcoal,  thoroughly  dried  in  an  iron 
pot,  and  distilled  in  an  earthen  retort  (fig.  206),  when  the  carbon  removes 
the  oxygen,  and  phosphorus  distils  over,  being  condensed  in  a receiver 
containing  water  to  protect  it  from  the  action  of  the  air. 

In  this  process,  the  sulphuric  acid  does  not  remove  the  whole  of  the  calcium 
from  the  phosphate,  a portion  remaining  in  the  solution  containing  the  phosphoric- 
acid,  so  that  this  solution  is  generally  said  to  contain  superphosphate  of  lime,  and 
the  action  of  the  sulphuric  acid  is  thus  represented — 

Bone  phosphate,  Ca3(P04)2  + 2H2S04  = CaH4(P04)2  [superphosphate)  + 2CaS04. 
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When  the  superphosphate  is  dried,  it  becomes  converted  into  calcium  mctavhos- 
p tate,  Ca(P03)  ; CaH  ,(PO  )2=  Ca(PO  ) + cIP.O,  and  on  distilling  this  with  char- 
coal ; 3Ca(PO,,)2  + C10  = Ca3(P04)2  + 10CO  + P,. 

On  the  small  scale,  for  the  sake  of  illustration,  phosphorus  may  be  prepared  by 
a process  which  has  also  been  successfully  employed  for  its  "manufacture  in 
quantity,  and  consists  in  heating  a mixture  of  bone-ash  and  charcoal  in  a stream 
of  hydrochloric  acid  gas  ; Cas(P04)2  + 6HCl  + Ch  = 3CaCl2  + 8C0  + H6-t-Po. 

A mixture  of  equal  weights 
of  well-dried  charcoal  and 
bone-ash,  both  in  fine  powder, 
is  introduced  into  a porcelain 
tube,  and  placed  in  a charcoal 
furnace  (fig.  207).  One  end 
of  the  tube  is  connected  with 
a flask  (A),  containing  fused 
salt  and  sulphuric  acid  for 
evolving  hydrochloric  acid, 
and  the  other  is  cemented 
with  putty  into  a bent  retort 
neck  (B),  for  conveying  the 
phosphorus  into  a vessel  of 
water  (C).  On  heating  the 
porcelain  tube  to  bright  red- 
ness, phosphorus  distils  over 
in  abundance.  The  hydrogen 
and  carbonic  oxide  inflame  as 
they  escape  into  the  air,  from 
their  containing  phosphorus 
vapour. 

When  first  prepared, 
the  phosphorus  is  red  and 
opaque,  from  the  presence 
of  some  suboxide  of  phos- 
phorus and  mechanical 
impurities  ; the  latter  are 
Fig.  207.  removed  by  melting  the 

phosphorus  under  warm 
water,  and  squeezing  it  through  wash-leather.  The  phosphorus  is  then 
fused  under  ammonia  to  remove  any  acid  impurity,  and  afterwards  under 
potassium  dichromate  acidified  with  sulphuric  acid,  when  the  chromic 
acid  oxidises  the  suboxide  of  phosphorus,  and  converts  it  into  phos- 
phoric acid  which  dissolves.  The  phosphorus  is  then  thoroughly 
washed,  melted  under  water,  and  drawn  up  into  glass  tubes,  or  run 
into  cylindrical  copper  moulds,  where  it  solidifies  into  the  sticks  in 
which  it  is  sold.  These  are  always  preserved  under  water  from  the 
action  of  oxygen  and  in  tin  cases  from  that  of  light. 

Pure  ordinary,  or  vitreous,  phosphorus  is  almost  colourless  and  trans- 
parent, but  when  exposed  to  light,  and  especially  to  direct  sunlight, 
it  gradually  acquires  an  opaque  red  colour,  from  its  partial  conver- 
sion into  the  allotropic  variety  known  as  red  or  amorphous  j)hos- 
phorus.  By  tying  bands  of  black  cloth  round  a stick  of  phosphorus  and 
exposing  it,  under  water,  to  the  action  of  sunlight,  alternate  zones  of 
red  may  be  produced. 

Even  though  the  phosphorus  be  screened  from  light,  it  will  not  remain 
unchanged  unless  the  water  be  kept  quite  free  from  air,  which  irregularly 
corrodes  the  surface  of  the  phosphorus,  rendering  it  white  and  opaque. 
This  action  is  accelerated  by  exposure  to  light. 
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The  most  remarkable  character  of  ordinary  phosphorus  is  its  easy 
inflammability.  It  inevitably  takes  fire  in  air  when  heated  a little  above 
its  melting  point,  440  C.  (m°.5  F-)>  burning  with  a brilliant  white 
flame,  which  becomes  insupportable  when  the  combustion  takes  place  in 
oxygen  (p.  27 ),  and  evolving  dense  white  clouds  of  phosphoiic  anhydude. 
When  a piece  of  dry  phosphorus  is  exposed  to  the  air,  it  combines  slowly 
with  oxygen,*  and  its  temperature  often  becomes  so  much  elevated  during 
this  slow  combustion,  that  it  melts  and  takes  fire,  especially  if  the  com- 
bustion be  encouraged  by  the  warmth  of  the  hand  or  by  fiiction.  Hence, 
ordinary  phosphorus  must  never  be  handled  or  cut  in  the  diy  state,  but 
always  under  water,  for  it  causes  most  painful  burns. 

The  slow  oxidation  of  phosphorus  is  attended  with  that  peculiai  lumi- 
nous appearance  which  is  termed  phosphorescence  (fag,  light,  fepa,  to 
bear),  but  this  glow  is  not  seen  in  pure  oxygen  or  in  air  containing  a 
minute  proportion  of  olefiant  gas  or  oil  of  turpentine.  It  w ill  be  re- 
membered that  the  slow  oxidation  of  phosphorus  in  moist  air  is  attended 
with  the  formation  of  ozone. 

The  characteristic  behaviour  of  phosphorus  in  air  is  best  obseived  when  the 
phosphorus  is  in  a finely  divided  state. 

When  a fragment  of  phosphorus  is  shaken 
with  a little  carbon  disulphide,  it  is 
quickly  dissolved,  and  if  the  solution  be 
poured  upon  a piece  of  filtering  paper 
(fig.  208),  and  allowed  to  evaporate  in  a 
darkened  room,  the  very  thin  film  of  phos- 
phorus which  is  left  will  exhibit  a glow 
increasing  in  brilliancy  till  the  phosphorus 
bursts  out  into  spontaneous  combustion. 

If  phosphorus  be  dissolved  in  olive  oil, 
at  a gentle  heat,  the  solution  is  strongly 

phosphorescent  when  shaken  in  a bottle  containing  air,  or  when  rubbed  upon  tne 

hands.  _ 

Characters  may  be  written  on  paper  with  a stick  of  phosphorus  held  in  a 
thickly  folded  piece  of  damp  paper  (having  a vessel  of  water  at  hand  into  which 
to  plunge  the  phosphorus  if  it  should  take  fire).  When  the  paper  is  held  with  its 
back  to  the  fire,  or  to  a hot  iron,  in  a darkened  room,  a twinkling  combustion  of 
the  finelv  divided  phosphorus  will  ensue,  and  the  letters  will  be  burnt  into  the 
paper.  Phosphorus  which  has  been  partly  oxidised  is  even  more  easily  inflamed 
than  pure  phosphorus.  If  a few  small  pieces  of  phosphorus  be  placed  in  a dry 
stoppered  bottle,  gently  warmed  till  they  melt,  and  then  shaken  round  the  sides 
of  the  bottle  so  as  to  become  partly  converted  into  red  oxide  of  phosphorus,  it 
will  be  found,  long  after  the  bottle  is  cold,  to  be  spontaneously  inflammable,  so 
that  if  a wooden  match  tipped  with  sulphur  be  rubbed  against  it,  the  phosphorus 
which  it  takes  up  will  ignite  when  the  match  is  brought  into  the  air,  kindling  the 
sulphur,  which  will  inflame  the  wood.  This  was  one  of  the  earliest  forms  in 
which  phosphorus  was  employed  for  the  purpose  of  procuring  an  instantaneous 
light.  If  the  stopper  be  greased,  the  phosphorus  may  be  preserved  unchanged 
for  a long  time. 

In  the  last  experiment,  if  the  wood  had  not  been  tipped  with  sulphur,  the 
phosphorus  would  not  have  kindled  it,  the  flame  of , phosphorus  generally  being 
unable  to  ignite  solid  combustibles,  because  it  deposits  upon  them  a coating  of 
P.,05,  which  protects  them  from  the  action  of  air.  Hence,  in  the  manufacture  of 
lucifer  matches,  the  wood  is  first  tipped  with  sulphur,  or  wax,  or  paraffin,  which 
easily  give  off  combustible  vapours  to  be  kindled  by  the  flame  of  the  phosphoius 
composition,  and  thus  to  inflame  the  wood.  . . 

If  a small  stick  of  phosphorus  be  carefully  dried  with  filtering  paper,  and 
dropped  into  a cylinder  of  oxygen,  which  is  afterwards  covered  with  a glass  plate, 

0 The  white  fumes  evolved  by  phosphorus  iu  moist  air  aro  said  to  consist  partly  of 
ammonium  nitrate,  formed  by  the  action  of  the  ozonised  oxygen  upon  the  air  and  aqueous 
vapour. 
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no  luminosity  will  be  observed  in  a darkened  room  until  the  cylinder  is  placed 
under  the  air-pump  receiver,  and  the  air  slowly  exhausted.  When  the  oxygen  has 

thus  been  rarefied  to  about  one-fifth  of  its  former 
density,  the  phosphorescence  will  be  seen.  A 
similar  effect  may  be  produced  by  covering  the 
cylinder  of  oxygen  containing  the  phosphorus 
(having  removed  the  glass  plate)  with  another 
cylinder,  about  four  times  its  size  (fig.  209),  filled 
with  carbonic  acid  gas,  which  will  gradually  dilute 
the  oxygen  and  produce  phosphorescence.  By 
suspending — in  a bottle  of  air  containing  a strongly 
luminous  piece  of  phosphorus — a piece  of  paper 
with  a drop  of  oil  of  turpentine  upon  it,  the  glow 
may  be  almost  instantaneously  destroyed.  A small 
tube  of  olefiant  gas  or  coal  gas  dropped  into  the 
bottle  will  also  extinguish  the  luminosity.* 

Ordinary  phosphorus  is  slowly  converted 
into  vapour  at  common  temperatures,  and 
emits,  in  the  air,  white  fumes  with  a peculiar  alliaceous  smell,  which 
appear  phosphorescent  in  the  dark.  When  heated  out  of  contact  with 
air,  it  boils  at  5320  F.  (278°  C.),  and  is  converted  into  a colourless 
vapour. 

The  luminosity  of  phosphorus  vapour  is  seen  to  advantage  when  a piece  of 
phosphorus  is  boiled  with  water  in  a narrow-necked  flask  or  retort,  or  a test-tube 
with  a cork  and  narrow  tube.  The  steam  charged  with  vapour  of  phosphorus  has 
all  the  appearance  of  a blue  flame,  in  a darkened  room,  but  of  course  combustibles 
are  not  inflamed  by  it,  since  its  temperature  is  not  higher  than  212°  F.  Phos- 
phorus may  be  distilled,  with  perfect  safety,  in  an  atmosphere  of  carbonic  acid 
gas,  the  neck  of  the  retort  being  allowed  to  dip  under  water  in  the  receiver. 

Although  ordinary  phosphorus  is  of  a decidedly  glassy  or  vitreous 
structure,  and  not  at  all  crystalline,  it  may  be  obtained  in  dodecahedral 
crystals,  by  allowing  its  solution  in  carbon  disulphide  to  evaporate  in 
an  atmosphere  of  carbonic  acid  gas,  or  by  fusing  it  in  a tube  exhausted 
by  a Sprengel  pump,  and  letting  it  cool  in  the  dark. 

The  conversion  of  ordinary  phosphorus  into  the  red  or  amorphous 
phosphorus  is  one  of  the  most  striking  instances  of  allotropic  modifica- 
tion. "W  hen  phosphorus  is  heated  for  a considerable  length  of  time  to 
about  450°  F.  (2320  C.)  in  vacuo , or  in  an  atmosphere  in  which  it  cannot 
burn,  it  becomes  converted  into  a red  infusible  mass  of  amorphous  phos- 
phorus. This  form  of  phosphorus  differs  as  widely  from  the  vitreous 
form  as  graphite  differs  from  diamond.  It  is  almost  unchangeable  in  the 
air,  evolves  no  vapour,  is  not  luminous,  cannot  be  inflamed  by  friction, 
or  even  by  any  heat  short  of  500°  F.  (260°  C.),  when  it  actually  becomes 
reconverted  into  ordinary  phosphorus. t By  heating  vitreous  phosphorus 
in  an  exhausted  and  sealed  tube  to  about  500°  C.,  it  is  converted  into  a 
violet-black  fnsed  mass  with  cavities  containing  crystals.  Amorphous 
phosphorus  is  insoluble  in  the  solvents  for  ordinary  phosphorus.  The 
two  varieties  also  differ  greatly  in  specific  gravity,  that  of  the  ordinary 
phosphorus  being  1.83,  and  of  the  amorphous  variety  2.14. 

The  conversion  of  vitreous  into  amorphous  phosphorus  may  be  effected  by 
heating  it  in  a flask  (A,  fig.  210)  placed  in  an  oil-bath  (B),  maintained  at  a tem- 
perature ranging  from  450°  to  460°  F.  (2320  to  238°  C.),  the  flask  being  furnished 
with  a bent  tube  (C)  dipping  into  mercury,  and  with  another  tube  (D)  for  supply - 

* Chappuis  finds  that  when  phosphorus  is  suspended  in  oxygon,  the  space  glows  for  a 
short  time  on  adding  a little  ozone. 

t According  to  Hittorf,  the  reconversion  does  not  take  place  till  8oo°  F.,  the  red  phos- 
phorus being  convertible  into  vapour  below  that  temperature,  without  fusion. 
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ing  carbonic  acid  gas,  dried  by  passing  over  calcium  chloride.  The  flask  should 
be  thoroughly  filled  with  carbonic  acid  gas  before  applying  heat,  and  the  tube 
delivering  it  may  then  be  closed  with 
a small  clamp  (E).  After  exposure 
to  heat  for  about  forty  hours,  but 
little  ordinary  phosphorus  will  re- 
main, and  this  may  be  removed  by 
allowing  the  mass  to  remain  in  con- 
tact with  carbon  disulphide  for  some 
hours,  and  subsequently  washing  it 
with  fresh  disulphide  till  the  latter 
leaves  no  phosphorus  when  evapo- 
rated. 

On  the  large  scale,  the  red  phos- 
phorus is  prepared  by  heating  about 
200  lbs.  of  vitreous  phosphorus  to 
450°  F.  in  an  iron  boiler.  After  three 
or  four  weeks  the  phosphorus  is 
found  to  be  converted  into  a hard 
red  brittle  mass,  which  is  ground  by 
millstones  under  water,  and  separated  from  the  ordinary  phosphorus  either  by 
carbon  disulphide  or  caustic  soda,  in  which  the  latter  is  soluble.  The  temperature 
requires  careful  regulation,  for  if  it  be  allowed  to  rise  to  500°,  the  red  phosphorus 
quickly  resumes  the  vitreous  condition,  evolving  the  heat  which  it  had  absorbed 
during  its  conversion,  and  thus  converting  much  of  the  phosphorus  into  vapour. 
The  heat  evolved  in  the  passage  of  the  amorphous  into  the  vitreous  form  amounts 
to  20,000  gramme-units  for  31  grms.  of  phosphorus.  This  reconversion  may  be 
shown  by  heating  a little  red  phosphorus  in  a narrow  test-tube,  when  drops  of  vitre- 
ous phosphorus  condense  on  the  cool  part  of  the  tube.  The  colour  of  different 
specimens  of  amorphous  phosphorus  varies  considerably ; that  prepared  on  the 
large  scale  is  usually  of  a dark  purplish  colour,  but  it  may  be  obtained  of  a bright 
scarlet  colour.  Rhombohedral  crystals  of  -phosphorus,  resembling  crystals  of 
arsenic  in  form  and  metallic  appearance,  have  been  obtained  by  fusing  phos- 
phorus with  lead,  and  dissolving  out  the  latter  with  diluted  nitric  acid  (sp.  gr.  1. 1). 

Similar  crystals  have  been  obtained  by  heating  red  phosphorus  to  530°  C.  in  a 
vacuous  tube. 

Ordinary  phosphorus  is  very  poisonous,  whilst  amorphous  phosphorus 
appears  to  be  harmless.  The  former  is  employed,  mixed  with  fatty 
substances,  for  poisoning  rats  and  beetles.  Cases  are,  unhappily,  not  very 
rare,  of  children  being  poisoned  by  sucking  the  phosphorus  composition 
on  lucifer  matches.  The  vapour  of  phosphorus  also  produces  a very 
injurious  effect  upon  the  persons  engaged  in  the  manufacture  of  lucifer 
matches,  resulting  in  the  decay  of  the  lower  jaw-bone.  The  evil  is  much 
mitigated  by  good  ventilation,  or  by  diffusing  turpentine  vapour  through 
the  air  of  the  workroom,  and  attempts  have  been  made  to  obviate  it 
entirely  by  substituting  amorphous  phosphorus  for  the  ordinary  variety, 
but,  as  might  be  expected,  the  matches  thus  made  are  not  so  sensitive 
to  friction  as  those  in  which  the  vitreous  phosphorus  is  used. 

The  difference  between  the  two  varieties  of  phosphorus,  in  respect  to 
chemical  energy,  is  seen  when  they  are  placed  in  contact  with  a little 
iodine  on  a plate,  when  the  ordinary  phosphorus  undergoes  combustion 
and  the  red  phosphorus  remains  unaltered. 

Ordinary  phosphorus  is  capable  of  direct  union  with  oxygen,  chlorine, 
bromine,  iodine,  sulphur,  and  most  of  the  metals,  with  which  it  forms 
phosphides  or  pliosphurets.  Even  gold  and  platinum  unite  with  this 
element  when  heated,  so  that  crucibles  of  these  metals  are  liable  to 
corrosion  when  heated  in  contact  with  a phosphate  in  the  presence  of  a 
reducing  agent,  such  as  carbon.  Thus  the  inside  of  a platinum  dish  or 
crucible  is  roughened  when  vegetable  or  animal  substances  containing 

Q 


r\ 


Fig.  210. 


226 


LUCIFER  MATCHES. 


phosphates  are  incinerated  in  it.  The  presence  of  small  quantities  of 
phosphorus  in  metallic  iron  or  copper  produces  considerable  effect  upon 
their  physical  qualities. 

Phosphorus  has  the  property,  a very  remarkable  one  in  a non-metal, 
of  precipitating  some  metals  from  their  solutions  in  the  metallic  state. 
If  a stick  of  phosphorus  be  placed  in  a solution  of  sulphate  of  copper,  it 
becomes  coated  with  metallic  copper,  the  phosphorus  appropriating  the 
oxygen.  This  has  been  turned  to  advantage  in  copying  very  delicate 
objects  by  the  electrotype  process,  for  by  exposing  them  to  the  action  of 
a solution  of  phosphorus  in  ether  or  carbon  disulphide,  and  afterwards 
to  that  of  a solution  of  copper,  they  acquire  the  requisite  conducting 
metallic  film,  even  on  their  finest  filaments.  Solutions  of  silver  and  gold 
are  reduced  in  a similar  manner  by  phosphorus. 

By  floating  very  minute  scales  of  ordinary  phosphorus  upon  a dilute  solution  of 
chloride  of  gold,  the  metal  will  be  reduced  in  the  form  of  an  extremely  thin  film, 
which  may  be  raised  upon  a glass  plate,  and  will  be  found  to  have  various  shades 
of  green  and  violet  by  transmitted  light,  dependent  upon  its  thickness,  whilst  its 
thickest  part  exhibits  the  ordinary  colour  of  the  metal  to  reflected  light.  By 
heating  the  films  on  the  plate,  various  shades  of  amethyst  and  ruby  are  developed. 
If  a very  dilute  solution  of  chloride  of  gold  in  distilled  water  be  placed  in  a 
perfectly  clean  bottle,  and  a few  drops  of  ether,  in  which  phosphorus  has  been 
dissolved,  poured  into  it,  a beautiful  ruby-coloured  liquid  is  obtained,  the  colour 
of  which  is  due  to  metallic  gold  in  an  extremely  finely  divided  state,  and  on 
allowing  it  to  stand  for  some  months,  the  metal  subsides  as  a purple  powder, 
leaving  the  liquid  colourless.  If  any  saline  impurity  be  present  in  the  gold 
solution,  the  colour  of  the  reduced  gold  will  be  amethyst  or  blue.  These 
experiments  (Faraday)  illustrate  very  strikingly  the  use  of  gold  for  imparting 
ruby  and  purple  tints  to  glass  and  the  glaze  of  porcelain. 

160.  Lucifer  matches  are  made  by  tipping  the  wood  with  sulphur,  or 
wax,  or  paraffin,  to  convey  the  flame,  and  afterwards  with  the  match  com- 
position, which  is  generally  composed  of  saltpetre  or  potassium  chlorate, 
phosphorus,  red  lead,  and  glue,  and  depends  for  its  action  on  the  easy 
inflammation,  byfriction,  of  phosphorus  when  mixed  with  oxidising  agents 
like  saltpetre  (KN03),  potassium  chlorate  (KC103),  or  red  lead  (Pb304), 
the  glue  only  serving  to  bind  the  composition  together  and  attach  it  to 
the  wood.  The  composition  used  by  different  makers  varies  much  in 
the  nature  and  proportions  of  the  ingredients.  In  this  country,  potas- 
sium chlorate  is  most  commonly  employed  as  the  oxidising  agent,  such 
matches  usually  kindling  with  a slight  detonation  ; but  the  German 
manufacturers  prefer  either  potassium  nitrate  or  lead  nitrate,  together 
with  lead  dioxide  or  red  lead,  which  produce  silent  matches. 

Sulphide  of  antimony  (which  is  inflamed  by  friction  with  potassium 
chlorate,  see  p.  164)  is  also  used  in  those  compositions  in  which  a part 
of  the  phosphorus  is  employed  in  the  amorphous  form,  and  fine  sand  or 
powdered  glass  is  very  commonly  added  to  increase  the  susceptibility  of 
the  mixture  to  inflammation  by  friction. 

The  match  composition  is  coloured  either  with  ultramarine  blue,  Prus- 
sian blue  or  vermilion.  In  preparing  the  composition,  the  glue  and  the 
nitre  or  chlorate  are  dissolved  in  hot  water,  the  phosphorus  then  added 
and  carefully  stirred  in  until  intimately  mixed,  the  whole  being  kept 
at  a temperature  of  about  ioo°  F.  The  fine  sand  and  colouring  matter 
are  then  added,  and  when  the  mixture  is  complete,  it  is  spread  out  upon 
a stone  slab  heated  by  steam,  and  the  sulphured  ends  of  the  matches 
are  dipped  into  it. 
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The  safety  matches , which  refuse  to  ignite  unless  rubbed  upon  the 
sides  of  the  box,  are  tipped  with  a mixture  of  antimony  sulphide, 
potassium  chlorate,  and  powdered  glass,  which  is  not  sufficiently  sensitive 
to  be  ignited  by  any  ordinary  friction,  but  inflames  at  once  when  rubbed 
upon  the  amorphous  phosphorus  mixed  with  glass,  which  coats  the  rubber 
on  the  sides  of  the  box.  On  this  principle  some  French  matches  have 
been  made  which  can  be  ignited  only  by  bx-eaking  the  match  and  rubbing 
the  two  ends  together. 

It  would  be  very  desii’able  to  dispense  entirely  with  the  use  of  phos- 
phorus in  lucifer  matches,  not  only  because  of  the  danger  from  accident 
.and  disease  in  the  manufacture,  but  because  a very  large  quantity  of 
phosphate  of  lime  which  ought  to  be  employed  for  agricultural  purposes 
is  now  devoted  to  the  preparation  of  phosphorus,  of  which  six  tons  are 
said  to  be  consumed  annually  in  this  country  for  the  manufacture  of 
matches.  The  most  successful  attempt  in  this  direction  appeal’s  to  be  the 
employment  of  a mixture  of  potassium  chlorate  and  lead  hyposulphite, 
in  place  of  the  ordinary  phosphorus  composition. 

For  illustration,  very  excellent  matches  may  be  made  upon  the  small  scale  in 
the  following  manner.  The  slips  of  wood  are  dipped  in  melted  sulphur  so  as  to 
acquire  a slight  coating.  Thirty  grains  of  gelatin  or  isinglass  are  dissolved  in 
2 drachms  of  water  in  a porcelain  dish  placed  upon  a steam-bath ; 20  grains  of 
ordinary  phosphorus  are  then  added,  and  well  mixed  in  with  a piece  of  wood  ; to 
this  mixture  are  added,  in  succession,  15  grains  of  red  lead  and  50  grains  of 
powdered  potassium  chlorate.  The  sulphured  matches  are  dipped  into  this  paste, 
and  left  to  dry  in  the  air. 

To  make  the  safety  matches : 10  grains  of  powdered  potassium  chlorate  and 
10  grains  of  antimony  sulphide  are  made  into  a paste  with  a few  drops  of  a warm 
solution  of  20  grains  of  gelatin  in  2 drachms  of  water,  the  sulphured  matches 
being  tipped  with  this  composition.  The  rubber  is  prepared  with  20  grains  of 
amorphous  phosphorus,  and  10  grains  of  finely  powdered  glass,  mixed  with  the 
solution  of  gelatin,  and  painted  on  paper  or  cardboard  with  a brush. 

161.  Phosphorus-fuze  composition. — To  ignite  the  Armstrong  percus- 
sion shells,  a very  sensitive  detonating  composition  was  employed,  which 
is  composed  of  amorphous  phosphorus,  potassium  chloi’ate,  shellac,  and 
powdered  glass,  made  into  a paste  with  spirit  of  wine.  This  was  placed 
in  the  little  cap  designed  for  it,  and  when  dry,  waterproofed  with  a little 
shellac  dissolved  in  spirit.  The  fuzes  were  found  too  sensitive  to  bear 
.transport. 

Such  a composition  may  be  prepared  with  care  in  the  following  manner  .-—Four 
grains  of  powdered  potassium  chlorate  are  moistened  on  a plate  with  6 drops  of 
spirit  of  wine,  4 grains  of  powdered  amorphous  phosphorus  are  added,  and  the 
whole  mixed,  at  arm’s  length,  with  a bone-knife,  avoiding  great  pressure.  The 
mixture,  which  should  still  be  quite  moist,  is  spread  in  small  portions  upon  ten 
or  twelve  pieces  of  filtering  paper,  and  left  in  a safe  place  to  dry.  If  one  of 
these  be  gently  pressed  with  a stick,  it  explodes  with  great  violence.  It  is 
dangerous  to  presspt  with  the  blade  of  a knife,  as  the  latter  is  commonly  broken, 
and  the  pieces  projected  with  considerable  force.  A stick  dipped  in  oil  of  vitriol 
of  course  explodes  it  immediately.  If  a bullet  be  placed  very  lightly  upon  one  of 
the  pellets,  and  the  paper  tenderly  wrapped  round  it,  a percussion  shell  may  be 
extemporised,  which  explodes  with  a loud  report  when  dropped  upon  the  floor. 

The  detonating  toys  known  as  amorces  fidminantes  are  made  by  enclosing  this 
composition  between  two  pieces  of  thin  paper.  1000  of  them  contain  70  grains  of 
the  composition. 

162.  Oxides  of  phosphorus. — Four  compounds  of  phosphorus  and 
oxygen  are  known,  their  formulae  being  P40,  P203,  P2Ot,  and  P206. 
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Phosphobic  Acids  and  Phosphates. 


163.  The  phosphates  are  by  far  the  most  important  of  the  compounds 
of  phosphorus.  They  have  been  already  noticed  as  almost  the  only  forms 
of  combination  in  which  that  element  is  met  with  in  nature,  and  as 
indispensable  ingredients  in  the  food  of  plants  and  animals.  No  other 
mineral  substance  can  bear  comparison  with  calcium  phosphate  as  a 
measure  of  the  capability  of  a country  to  support  animal  life.  Phos- 
phoric acid  itself  is  very  useful  in  calico-printing  and  in  some  other 


arts. 

The  mineral  sources  of  this  acid  appear  to  be  phosphorite,  copr elite , 
and  apatite,  all  consisting  essentially  of  calcium  phosphate,  Ca3(P04)2, 
but  associated  in  each  case  with  calcium  fluoride,  which  is  also  contained, 
with  calcium  phosphate,  in  bones,  and  would  appear  to  indicate  an 
organic  origin  for  these  minerals.  Phosphorite  is  an  earthy-looking 
substance,  forming  large  deposits  in  Estremadura.  Apatite  (from 
cnrarcuo,  to  cheat,  in  allusion  to  mistakes  in  its  early  analysis)  occurs  in 
prismatic  crystals,  and  is  met  with  in  the  Cornish  tin-veins.  Both 
these  minerals  are  largely  imported  from  Spain,  Norway,  and  America, 
for  use  in  this  country  as  a manure.  Coprolites  (icoTrpoe,  dung , \LQoq,  a 
stone,  from  the  idea  that  they  were  petrified  dung)  are  rounded  nodules 
of  calcium  phosphate,  which  are  found  abundantly  in  this  country. 

Large  quantities  of  phosphates  of  calcium  and  magnesium  are  im- 
ported in  the  form  of  guano,  the  partially  decomposed  excrement  of 

sea-fowl. 

Phosphoric  acid  is  obtained  from  bone-ash  by  decomposing  it  witii 
sulphuric  acid,  so  as  to  remove  as  much  of  the  lime  as  possible  in  the 
form  of  sulphate,  which  is  strained  off,  and  the  acid  liquid  neutralised 
with  ammonium  carbonate,  which  precipitates  any  unchanged  calcium 
phosphate,  and  converts  the  phosphoric  acid  into  ammonium  phosphate. 
On  evaporating  the  solution,  and  heating  the  ammonium  phosphate, 
ammonia  and  water  are  expelled,  and  metaphosphoric  acid  (HP03)  is 
left  in  a fused  state,  solidifying  to  a glass  on  cooling.  Thus  prepared, 
however,  it  always  retains  some  ammonia,  and  is  contaminated  with  soda 


derived  from  the  bones. 

The  pure  acid  is  prepared  by  oxidising  phosphorus  with  diluted  nitric 
acid  Isd  2T  1 107)  and  evaporating  the  solution  until  the  phosphoric  acid 
wi  to  volatilise  in  white  fumes;  5HNOI  + P,-3HPO,+  H,0+  SN0. 
Some  phosphorous  acid  is  formed  at  an  intermediate  stage..  A trans- 
parent "lass  ( glacial  phosphoric  acid)  is  thus  obtained,  which  eager!} 
absorbs 'moisture  from  the  air,  and  becomes  liquid.  That  which  is  sold 
in  sticks  contains  much  sodium  metaphosphate. 

The  addition  of  a little  bromine  greatly  facilitates  the  action  of  nitric  acid  upon 
nhosnhorus  apparently  by  forming  the  phosphorus  pentabromide,  which  is  then 
decomposed  by  water  ; PBrs+4H20=H3P04+  5HBr.  The  hydrobromic  acid  being 
then  acted  on  by  nitric  acid,  bromine  is  set  free  to  act  upon  a fresh  quantity  of 
phosphorus  ^HBr-t-  HN03=Br3  + 2ILO  + NO.  When  iodine  is  also  added,  the 

aCji02  for  28^grms.)  of  phosphorus  is  placed  in  6 oz.  (or  iyoc.c.)of  water  and  5 grs. 
!or  o 22  Srm.fof  iodine  are  added;  then,  drop  by  drop,  30  grs.  (or  1 94  grms.)  of 
I ‘3  ^ whpti  the  action  is  over,  6 oz.  (or  170  c.c.)  of  nitric  acid  (sp.  gr.  1.42) 

S She  vessel  is  placed  in  cold  water.  When  the  phosphorus  has 
are  added,  and  the  evaporated  till  its  temperature  rises  to  about  400  F. 

(204°  C?)  in  order  to  expel  the  excess  of  nitric  acid,  the  bromine,  and  the  iodine. 
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Phosphoric  anhydride , or  phosphorus  pentoxide  (P205),  is  prepared  by 
burning  phosphorus  in  dry  air. 

When  required  in  considerable  quantity,  the  anhydride  is  prepared  by  burning 
the  phosphorus  in  a small  porcelain  dish  (A,  fig.  21 1)  attached  to  a wide  glass 
tube  (B)  for  introducing  the  phosphorus,  and  suspended  in  a glass  flask  with  two 
lateral  necks,  one  of  which  is  connected  with  a tube  containing  pumice-stone  and 
•oil  of  vitriol  for  drying  the  air  as  it  enters,  whilst  the  other  neck  is  provided 


Pig.  211. 


with  a wide  tube  conveying  the  anhydride  into  a bottle,  connected,  at  C,  with  an 
aspirator,  or  cistern  of  water,  for  drawing  air  through  the  apparatus.  The  first 
piece  of  phosphorus  is  kindled  by  passing  a hot  wire  down  the  wide  tube,  but 
afterwards  the  heat  of  the  dish  will  always  ignite  the  fresh  piece  as  it  is  dropped 
in.  The  wide  tube  must  be  closed  with  a cork  whilst  the  phosphorus  is  bufning. 

A small  quantity  of  phosphoric  anhy- 
dride is  more  conveniently  prepared  by 
burning  phosphorus  under  a large  bell-jar 
of  air,  under  which  a shallow  dish  of  oil 
of  vitriol  has  been  standing  for  an  hour 
or  two  to  dry  the  air.  This  dish  is  care- 
fully removed  without  disturbing  the  air 
within  the  jar,  and  the  well-dried  phos- 
phorus is  introduced  in  a small  porcelain 
crucible  standing  upon  a large  glass  plate. 

The  phosphorus  having  been  kindled  with 
a hot  wire,  the  flakes  of  phosphoric  anhy- 
dride will  be  seen  falling  like  snow  on  to 
the  glass  plate,  where  they  accumulate  in 
a layer  of  considerable  thickness  (fig.  212). 

To  preserve  it,  the  solid  must  be  immediately  scraped  up  with  a bone  or  platinum 
knife,  and  thrown  into  a thoroughly  dry  stoppered  bottle. 

Phosphoric  anhydride  may  be  fused  at  a very  high  temperature,  and 
even  sublimed.  Its  great  feature  is  its  attraction  for  water ; left  exposed 
to  the  air  for  a very  short  time,  it  deliquesces  entirely,  becoming 
converted  into  phosphoric  acid.  It  is  often  used  by  chemists  as  a 
de-hydrating  agent , and  will  even  remove  water  from  oil  of  vitriol. 
When  thrown  into  water,  it  hisses  like  a red-hot  iron,  but  does  not 
•entirely  dissolve  at  once,  a few  flakes  of  metaphosphoric  acid  remaining 
suspended  in  the  liquid  for  some  time. 
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The  solution  obtained  by  dissolving  phosphoric  anhydride  in  water 
contains  monohydrated  phosphoric  acid  or  metaphosphoric  acid  (U20.P,0- 
or  HP03).  If  a little  silver  nitrate  be  added  to  a portion  of  it,  a trans- 
parent gelatinous  precipitate  is  formed,  which  is  the  silver  metaphos- 
phate (AgN03  + HP03  - HN03  + AgP03). 

If  the  solution  of  metaphosphoric  acid  be  heated  in  a flask  for  a short 
time,  it  will  lose  the  property  of  yielding  a precipitate  with  silver  nitrate, 
unless  one  or  two  drops  of  ammonia  be  added  to  neutralise  it,  when  an 
opaque  white  precipitate  of  silver  pyrophosphate  (2Ag„O.P2Oi  or  Ag4P.,0_) 
is  obtained,  for  the  phosphoric  acid  has  now  been  converted  into  the 
dihydrated  or  pyrophosphoric  acid  (2H20.P20.  or  H4P207).  The  forma- 
tion of  the  precipitate  is  thus  expressed — 

H4P207  + 4 AgN  03  + 4NH3  = Ag4P20,  + 4NH4NO.t. 

When  the  solution  of  pyrophosphoric  acid  is  mixed  with  more  water 
and  boiled  for  a long  time,  it  gives,  when  tested  with  silver  nitrate  and  a 
little  ammonia,  a yellow  precipitate  of  silver  orthophosphate  (3Ag20.P20. 
or  Ag3P04) ; the  phosphoric  acid  having  become  converted  into  tri- 
hydrated  phosphoric  acid  or  orthophosphoric  acid  (3H20.P„05  or  H3P04), 
and  acting  upon  the  silver  nitrate  in  the  presence  of  ammonia,  thus — 
H3P04  + 3AgN03  + 3NH3  = Ag3P04  + 3NH4N03. 

The  pyrophosphoric  acid  (H4P20.)  cannot  be  obtained  by  the  above 
process  without  an  admixture  of  one  of  the  other  acids,  but  it  has  been 
obtained  in  crystals  by  decomposing  the  lead  pyrophosphate  (Pb2P,07) 
with  hydrosulphuric  acid,  and  evaporating  the  filtered  solution  in  vacuo 
over  oil  of  vitriol. 


Trihydrated  phosphoric  acid  may  also  be  obtained  in  prismatic  crystals, 
by  evaporating  its  solution  in  a similar  way.  This  acid  is  also  called 
orthophosphoric  acid  (updos,  true),  and  common  phosphoric  acid,  in 
allusion  to  the  circumstance  that  the  phosphates  commonly  met  with 
and  employed  in  the  arts  are  the  salts  of  this  acid. 


It  will  be  perceived,  from  their  formulae,  that  metaphosphoric,  HP03,  ortho- 
phosphoric, H3P04,  and  pyrophosphoric  acid,  H4P20„  are  respectively  monobasic, 
tribasic,  and  tetrabasic  acids.  The  normal  sodium  salts  of  these  acids  are,  re- 
spectively, metaphosphate,  NaP03„  orthophosphate,  Na3P04,  and  pyrophosphate, 

Na4P207.  The  hydrogen  in  orthophosphoric  and  pyro- 
phosphoric acids  may  be  only  partly  replaced  by  a metal ; 
thus  there  are  two  other  orthophosphates  of  sodium,  viz., 
hydrodisodic  phosphate,  HNa,,P04,  and  dihydrosodic  phos- 
phate, H2NaP04. 

The  phosphates  commonly  met  with  are  all  derived 
from  orthophosphoric  acid : for  example,  bone-ash,  or 
tricalcic  orthophosphate,  Ca3(P04)2 ; superphosphate,  or 
monocalcic  orthophosphate,  CaH4(P04)2 ; common  phos- 
phate of  soda,  or  hydrodisodic  orthophosphate,  HNa2P04 ; 
microcosmic  salt,  or  hydro-ammonio-sodic  orthophosphate, 
HNH4Na(P04). 

Pyrophosphates  and  metaphosphates  may  be  obtained 
by  the  action  of  heat  on  the  hydro-orthophosphates. 

Thus,  if  a crystal  of  the  common  rhombic  sodium 
phosphate  (HNa2P04.  i2Aq)  be  heated  gently  in  a crucible 
(fig.  2 1 3),  it  melts  in  its  water  of  crystallisation,  and 
gradually  dries  up  to  a white  mass,  the  composition  of  which,  if  not  heated 
beyond  3oo°  F.,  will  be  Na2HP04.  If  a little  of  this  white  mass  be  dissolved  in 
water,  the  solution  will  be  alkaline  to  red  litmus-paper  ; and  if  silver  nitrate 
(itself  neutral  to  test-papers)  be  added  to  it,  a yellow  precipitate  of  silver  ortho- 
phosphate will  be  obtained,  and  the  solution  will  become  strongly  acid 
Na2IIP04  + 3AgN03  = Ag3P04  + 2NaN03  + HNOs. 
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If  the  dried  sodium  phosphate  be  now  strongly  heated  over  a lamp,  it  will  lose 
water,  and  become  pyrophosphate  ( irvp , fire)  ; 2Na2HP04  = H„0  + Na4P207.  On  dis- 
solving this  in  water,  the  solution  will  be  alkaline,  and  will  give  with  silver  nitrate 
a ichite  precipitate  and  a neutral  solution ; Na4P20,  + 4AgN03  = Ag4P207  + 4NaN03. 

Microcosmic  salt  (NaNH4HP04-4Aq),  when  dissolved  in  water,  yields  an  alka- 
line solution  which  gives  a yellow  precipitate  with  silver  nitrate,  the  liquid  becom- 
ing acid ; NaNH4HP04  + 3AgN03  = Ag3P04  + NaN0;i  + NH4N03  + HN03. 

But  if  the  salt  be  heated  in  a crucible,  it  fuses,  evolving  water  and  ammonia, 
and  leaving  a transparent  glass  of  sodium  metaphosphate;  NaNH4HP04  = 
H,0  + NH3  + NaP03,  which  may  be  dissolved  by  soaking  in  water,  yielding  a 
slightly  acid  solution,  which  gives  a white  gelatinous  precipitate  with  silver 
nitrate,  the  liquid  being  neutral;  NaP03  + AgN03  = AgP03  + NaN03. 

All  the  phosphates  may  be  converted  into  orthophosphates,  by  fusing  them 
with  alkaline  hydrate  or  carbonate.* 

164.  Phosphorous  anhydride  (P.,03)  is  the  product  of  the  slow  combustion  of 
phosphorus.  If  a piece  of  phosphorus  be  heated  in  a long  glass  tube,  into  which 
a very  slow  current  of  dry  air  is  drawn  through  a very  narrow  tube,  it  burns  with 
a pale  blue  flame,  and  white  flakes  of  phosphorous  anhydride  (mixed  with  P205) 
are  deposited.  It  is  more  easily  converted  into  vapour  than  phosphoric  acid. 
It  eagerly  absorbs  moisture  from  the  air,  and  is  decomposed  when  strongly  heated 
in  a sealed  tube,  yielding  free  phosphorus  and  phosphoric  anhydride — 

5P203  = 3PA  + 

Phosphorus  tetroxide,  P204,  corresponding  to  N204,  is  obtained  as  a very 
deliquescent  crystalline  sublimate  by  heating  to  about  290°  C.  in  a sealed  tube 
filled  with  CO,',  the  mixture  of  P205  and  P203  obtained  by  slowly  burning 
phosphorus  in  dry  air ; the  white  mixture  becomes  orange,  from  the  production 
of  P40  by  the  decomposition  of  the  phosphorous  anhydride  ; 7P203=  sP204  + P40. 
When  dissolved  in  water  it  is  converted  into  a mixture  of  phosphorous  and  ortho- 
phosphoric  acids  ; P„04  + 3H..0  = H3P04  + H3P03. 

Phosphorous  acid,  H3P03  or  PHO(OH)2,  is  obtained  in  solution,  mixed  with 
phosphoric  acid,  when  sticks  of  phosphorus  arranged  in  separate  tubes  open  at 
both  ends,  and,  placed  in  a funnel  over  a bottle,  are  exposed  under  a bell-jar, 
open  at  the  top,  to  air  saturated  with  aqueous  vapour.  To  obtain  the  pure  acid, 
chlorine  is  very  slowly  passed  through  phosphorus  fused  under  water,  when  the 
phosphorous  chloride  first  formed  is  decomposed  by  the  water  into  phosphorous 
and  hydrochloric  acids  ; PC13  + 3H20  = PH0(0H)2  + 3HC1.  The  hydrochloric  acid 
is  expelled  by  a moderate  heat,  when  the  phosphorous  acid  is  deposited  in  pris- 
matic crystals.  When  heated,  it  is  decomposed  into  phosphoric  acid  and  gaseous 
phosphuretted  hydrogen  ; 4H3P03  = 3H3P04  + PH3. 

Solution  of  phosphorous  acid  gradually  absorbs  oxygen  from  the  air,  becoming 
phosphoric  acid.  This  tendency  to  absorb  oxygen  causes  it  to  act  as  a reducing 
agent  upon  many  solutions ; thus  it  precipitates  finely  divided  metallic  silver 
from  a solution  of  the  nitrate,  by  which  its  presence  may  be  recognised  in  the 
water  in  which  ordinary  phosphorus  has  been  kept.  The  solution  of  phosphorous 
acid  even  reduces  sulphurous  acid,  producing  sulphuretted  hydrogen  and  sulphur, 
the  latter  being  formed  by  the  action  of  the  sulphuretted  hydrogen  upon  the  sul- 
phurous acid  ; II2S03  + 3H3P03  = 3H3P04  + H„S. 

If  solution  of  phosphorous  acid  be  poured  into  a hydrogen  apparatus,  some 
hydric  phosphide  is  formed  which  imparts  a fine  green  tint  to  the  hydrogen  flame. 

165.  Hypophosphorous  acid,  H3PO.,  or  HP(OH)2. — When  phosphorus  is  boiled 
with  barium  hydrate  and  water,  the  latter  is  decomposed,  its  hydrogen  combin- 
ing with  part  of  the  phosphorus  to  form  hydric  phosphide  (spontaneously  inflam- 
mable), which  escapes,  whilst  the  oxygen  of  the  water  unites  with  another  part 
of  the  phosphorus,  forming  hypophosphorous  acid,  which  acts  on  the  baryta  to 
form  barium  hypophosphite  ; this  may  be  obtained  by  evaporating  the  solution, 
in  crystals  having  the  composition  BaH4(P02)2.  The  action  of  phosphorus  upon 
barium  hydrate  may  be  represented  by  the  equation — 

3Ba(OH)2  + 6H20  + P8  = 3BaH4(P02)2  + 2PH3. 

Barium  hydrate.  * Barium  hypophosphite. 

Some  barium  orthophosphate  is  also  formed  at  the  same  time,  as  the  result  of  a 
secondary  action. 

* It  has  been  remarked  that  the  pliancy  of  the  acid  character  of  phosphoric  acid  par- 
ticularly fits  it  to  take  part  in  the  vital  phenomena.  It  may  be  regarded  as  three  acids  in 
one. 
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By  dissolving  the  barium  hypophosphite  in  water,  and  decomposing  it  with  the 
requisite  quantity  of  sulphuric  acid,  so  as  to  precipitate  the  barium  as  sulphate, 
a solution  is  obtained  which  may  be  concentrated  by  careful  evaporation.  If 
this  hypophosphorous  acid  be  heated,  it  evolves  hydric  phosphide,  and  becomes 
converted  into  phosphoric  acid;  2H3P02  = H3PO.,  + PH3.  When  exposed  to  the 
air  it  absorbs  oxygen,  and  becomes  converted  into  phosphorous  and  phosphoric 
acids.  It  is  a more  powerful  reducing  agent  than  phosphorous  acid.  The  latter 
acid  does  not  reduce  a solution  of  cupric  sulphate,  but  hypophosphorous  acid, 
when  gently  warmed  with  it,  gives  a brown  precipitate  of  cuprous  hydride 
(CuH),  which  is  decomposed  by  boiling,  evolving  hydrogen  and  leaving  metallic 
cop23er. 

When  heated,  the  hypophosphites  evolve  hydric  phosphide,  and  are  converted 
into  phosphates.  The  sodium  hypophosphite,  NaP(OH)2,  is  sometimes  used  in 
medicine  ; its  solution  has  been  known  to  explode  with  great  violence  during 
evaporation,  probably  from  a sudden  disengagement  of  hydric  phosphide.  Hypo- 
phosphites,  when  boiled  with  caustic  alkalies,  are  converted  into  phosphates, 
hydrogen  being  evolved  ; phosphites  are  unchanged. 

The  following  is  a summary  of  the  acids  formed  by  phosphorus  with  oxygen  and 
hydrogen : — 


Hypophosphorous  acid 
Phosphorous  ,, 

M etaphosphoric  , , 

Orthophosphoric  ,, 

Pyrophosplioric  ,, 


P"'H(OH)2 

P"'HO(OH)2 

PvO„.OH 

PtO(OH)3 

pvA(°h)4 


i 66.  Suboxide  of  phosphorus  is  supposed  to  constitute  the  yellow  or  red  residue 

which  is  left  in  the  dish  when  phosphorus 
burns  in  air,  but  it  is  always  mixed  with 
much  phosphoric  anhydride.  If  phosphorus 
be  melted  under  water  in  a flask  (fig.  214), 
and  oxygen  gas  be  allowed  to  bubble  through 
it  (a  brass  tube  being  employed  to  convey 
the  oxygen),  each  bubble  of  the  gas  produces 
a brilliant  flash,  and  the  phosphorus  is  con- 
verted into  red  flakes,  which  were  believed 
to  be  suboxide  of  phosphorus,  but  are  really 
amorphous  phosphorus.  The  true  suboxide 
of  phosphorus  (P40)  appears  to  be  formed 
when  small  pieces  of  phosphorus  are  covered 
with  phosphorous  chloride,  exposed  to  the  air, 
and  afterwards  heated  with  water,  when  the  suboxide  is  deposited  as  a yellow 
powder  becoming  red  at  high  temperatures,  and  inflaming  when  heated  in  air. 


Fig.  214. 


Phosphides  of  Hydrogen. 

167.  Although  phosphorus  and  hydrogen  do  not  combine  directly, 
there  are  three  compounds  of  these  elements  producible  by  processes  of 
substitution,  viz.,  PH3,  gas  ; P,H4,  liquid ; P4H„,  solid. 

Gaseous  hydric  phosphide,  or  phosphuretted  hydrogen  gas , or  phosphine 
(PH3  = 34  parts  by  weight  = 2 volumes  — ± volume  P + 3 volumes  H),  is 
by  far  the  most  important  of  these.  It  has  been  mentioned  above  as 
resulting  from  the  action  of  heat  upon  phosphorous  acid,  and  when 
prepared  by  this  process,  it  is  obtained  as  a colourless  gas,  with  a most 
powerful  odour  of  putrid  fish,  inflaming  on  the  approach  of  a light,  and 
burning  with  a brilliant  white  flame,  producing  thick  clouds  of  phos- 
phorus pentoxide.  It  is  slightly  heavier  than  air  (sp.  gr.  1.19),  and 
has  been  liquefied  at  — 90°  C.  and  solidified  at  — 1330  C. 

The  ordinary  method  of  preparing  this  gas  for  experimental  purposes  consists 
in  boiling  phosphorus  with  a strong  solution  of  potash,  when  water  is  decomposed, 
its  hydrogen  combining  with  one  part  of  the  phosphorus,  and  its  oxygen  with 
another  part  forming  hypophosphorous  acid,  which  unites  with  the  potash— 

P4  + 3KHO  + 3H,0  = PH3  + 3KP(OH)2. 
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A few  fragments  of  phosphorus  are  introduced  into  a small  retort  (fig.  215), 
which  is  then  nearly  filled  with  a strong  solution  of  potash  (sp.  gr.  1.3),*  and 
heated.  The  extremity  of  the  neck  of 
the  retort  should  not  be  plunged  under 
water  until  the  spontaneously  inflam- 
mable gas  is  seen  burning  at  the  orifice, 
and  the  retort  must  not  be  placed  close  to 
the  face  of  the  operator,  since  explosions 
sometimes  take  place  in  preparing  the 
gas,  and  the  boiling  potash  produces 
dangerous  effects.  The  gas  may  be  col- 
lected in  small  jars  filled  with  water, 
taking  care  that  no  bubble  of  air  is  left 
in  them.  It  contains  hydric  phosphide 
mixed  with  free  hydrogen,  the  latter 
being  formed  from  the  de-oxidation  of 
water  by  the  potassium  hypophosphite. 

As  each  bubble  of  this  gas  escapes  into 
the  air  through  the  water  of  the  pneu- 
matic trough,  it  burns  with  a vivid  white 
flame,  producing  beautiful  wreaths  of 
smoke  (phosphoric  anhydride),  resem- 
bling the  gunner's  rings  sometimes  seen  Fig.  215.— Preparation  of  phosphuretted 
in  firing  cannon.  Small  bubbles  some-  hydrogen, 

times  escape  without  spontaneously  in- 
flaming, If  a bubble  be  sent  up  into  a jar  of  oxygen,  the  flash  of  light  is 
extremely  vivid,  and  the  jar  must  be  a strong  one  to  resist  the  concussion.  It 
is  advisable  to  add  a trace  of  chlorine  to  the  oxygen,  to  insure  the  inflammation 
of  each  bubble,  for  an  accumulation  of  the  gas  would  shatter  the  jar. 

If  this  gas  be  passed  through  a tube  cooled  in  a freezing  mixture  of  ice  and 
salt,  the  gas  escaping  from  the  tube  is  found  to  have  lost  its  spontaneous  in- 
flammability, although  it  takes  fire  on  contact  with  flame.  The  cold  tube  con- 
tains the  liquid  hydric  phosphide  (PH2),  which  was  present  in  the  gas  in  the  state 
of  vapour,  and  caused  its  spontaneous  inflammability,  for  as  soon  as  the  liquid 
comes  in  contact  with  air  it  takes  fire.  When  exposed  to  light,  the  liquid  phos- 
phide is  decomposed  into  the  gaseous  phosphide,  and  a yellow  solid  phosphide 
(P4H2),  which  is  not  spontaneously  inflammable;  ioPH2=P4H2  + 6PH.r  It  is 
for  this  reason  that  the  spontaneously  inflammable  gas*  loses’ that  property 
when  kept  (unless  in  the  dark),  depositing  the  solid  phosphide  upon  the  sides  of 
the  jar. 

By  passing  a few  drops  of  oil  of  turpentine  up  through  the  water  into  a jar  of 
the  spontaneously  inflammable  gas,  this  property  will  be  entirely  destroyed. 

Hydric  phosphide,  when  passed  through  solutions  of  some  of  the  metals,  pre- 
cipitates their  phosphides.  For  example,  with  cupric  sulphate  it  gives  a black 
precipitate  of  cupric  phosphide  ; 3CuS04  + 2PH3  = 3H2S04  + P2Cu3. 

When  this  black  precipitate  is  heated  with  solution  of  potassium  cyanide,  it 
evolves  self-lighting  hydric  phosphide.  + In  fact,  this  is  one  of  the  easiest  and 
safest  methods  of  preparing  this  gas  ; for  the  cupric  phosphide  is  readily  obtained 
by  simply  boiling  phosphorus  in  a solution  of  cupric  sulphate. 

Phosphine  is  absorbed  by  strong  sulphuric  acid,  and,  after  a time,  acts  upon  it 
with  great  evolution  of  heat,  SO.,  being  formed  and  sulphur  deposited.  Sulphur 
decomposes  it  in  sunshine  ; 2PH3  + S6==P„S3  + 3H2S. 

Phosphine  has  great  pretensions  to  rank  as  the" chemical  analogue  of  ammonia, 
for  although  it  has  no  alkaline  properties,  it  is  capable  of  combining  with  hydro- 
bromic  and  hydriodic  acids  to  form  crystalline  compounds  analogous  to  am- 
monium bromide  and  iodide ; these  compounds,  however,  are  decomposed  by 
water.  It  will  be  seen  hereafter,  that  when  the  hydrogen  in  phosphine  is  dis- 
placed by  certain  compound  radicals,  such  as  ethyle,  powerful  organic  bases  are 
produced. 

The  spontaneously  inflammable  hydric  phosphide  may  also  be  obtained  by 

**  45°  grams  of  common  stick  potash  dissolved  in  1000  grains  of  water,  or  45  grms.  in 
100  c.c. 

f Cupric  cyanide  and  potassium  phosphide  being  formed,  and  the  latter  decomposed 
by  water,  giving  hydric  phosphide  and  potassium  hypophosphite. 
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throwing  fragments  of  calcium  phosphide  into  water ; this  substance  is  prepared 
by  passing  vapour  of  phosphorus  over  red-hot  quicklime,  or  simply  by  heating 
small  lumps  of  quicklime  to  bright  redness  in  a crucible  and  throwing  in  frag- 
ments of  phosphorus,  closing  the  crucible  immediately.  The  dark  brown  mass 
thus  obtained  is  a mixture  of  pyrophosphate  and  phosphide  of  calcium,  of  some- 
what variable  composition. 

The  calcium  phosphide  has  been  used  in  life-buoys  for  indicating  by  the  flare 
their  position  on  the  water. 

When  phosphine  is  decomposed  by  a succession  of  electric  sparks,  2 volumes  of 
the  gas  yield  3 volumes  of  hydrogen,  the  phosphorus  being  deposited  in  the  red 
or  amorphous  form. 

168.  Two  chlorides  of  phosphorus  are  known.  The  trichloride  or  phosphorous 
chloride  (PC1S)  is  prepared  by  acting  upon  phosphorus  with  perfectly  dry  chlorine 
in  the  apparatus  employed  (p.  217)  for  preparing  the  chloride  of  sulphur.  Red 
phosphorus  may  be  used,  and  the  product  redistilled  with  a little  vitreous  phos- 
phorus to  decompose  any  PC15.  Phosphorous  chloride  distils  over  very  easily 
(boiling  point,  173°  F.  or  78°  0.),  as  a colourless,  pungent  liquid  (sp.  gr.  1.62), 
which  fumes  strongly  in  air,  its  vapour  decomposing  the  moisture  of  the  air  and 
producing  hydrochloric  acid  fumes.  In  contact  with  water  the  liquid  is  im- 
mediately decomposed,  yielding  hydrochloric  and  phosphorous  acids,  as  described 
for  the  preparation  of  the  latter  acid  (p.  231).  Its  analogy  to  phosphorous  anhy- 
dride is  shown  by  its  absorbing  oxygen  when  boiled  in  the  presence  of  that  gas, 
and  forming  the  phosphorus  oxychloride  or  phosphoryle  chloride,  P0C13.  It  also- 
absorbs  chlorine  with  avidity,  becoming  converted  into  pentachloride  of  phosjjhorus 
or  phosphoric  chloride  (PCI-).  This  compound,  however,  is  more  conveniently  pre- 
pared by  passing  chlorine  through  a solution  of  phosphorus  in  carbon  disulphide, 
carefully  cooled.  On  evaporation,  the  pentachloride  of  phosphorus  is  deposited 
in  white  prismatic  crystals,  which  volatilise  below  212°  F.,  and  fume  when  exposed 
to  air,  from  the  production  of  hydrochloric  acid.  When  thrown  into  water,  it  is 
decomposed  into  phosphoric  and  hydrochloric  acids ; PC15  + 4.H20  = H3P04  + 5HCI. 
But  if  it  be  allowed  to  deliquesce  in  air,  only  a partial  decomposition  takes  place, 
and  the  phosphorus  oxychloride  is  formed ; PC15  + H.,0  = PC130  + 2HCI.  The  same 
compound  is  obtained  by  distilling  P„05  with  NaCl — 

2P305  + 3NaCl  = P0C13  + 3NaP03. 

This  oxychloride  may  also  be  produced  by  heating  phosphoric  chloride  with 
phosphoric  anhydride  ; P205  + 3PCI.  = 5PCLO.  A more  instructive  method  of  pre- 
paring it  consists  in  distilling  the  phosphoric  chloride  with  crystallised  boric 
acid;  3PC15  + 2B(0H)3  = 3PC130  + 6HC1  + B203. 

Some  of  the  organic  acids  (succinic,  for  example)  may  be  converted  into  anhy- 
drides, as  the  boric  acid  is  in  this  case,  by  distilling  with  phosphoric  chloride. 
The  phosphorus  oxychloride  distils  over  (boiling  point,  230°  F.,  110°  C.)  as  a 
heavy  (sp.  gr.  1.7)  colourless  fuming  liquid  of  pungent  odour.  Of  course,  it  is 
decomposed  by  water,  yielding  hydrochloric  and  phosphoric  acids.  It  will  be 
found  of  the  greatest  use  in  effecting  certain  transformations  in  organic  sub- 
stances. 

The  analogy  between  water  and  hydrosulphuric  acid  would  lead  to  the  expecta- 
tion that  a sulphochlorule  of  phosphorus  (PC13S),  corresponding  to  the  oxychloride, 
would  be  formed  by  the  action  of  hydrosulphuric  acid  upon  phosphoric  chloride ; 
PC15  + H2S  = PC1..S  + 2IICI.  It  is  a colourless  fuming  liquid,  which  is  slowly  de- 
composed by  water,  giving  phosphoric,  hydrochloric,  and  hydrosulphuric  acids ; 
PC1,S  + 4H20  = H3P04  + 3HC1  + H2S.  When  acted  on  by  solution  of  soda,  the 
sulp’hochloride  of  phosphorus  loses  its  chlorine  to  the  sodium,  and  acquires 
an  equivalent  quantity  of  oxygen,  a sodium  svlphoxy -phosphate  (Na3P03S.i2H20) 
being  deposited  in  crystals.  This  salt  evidently  corresponds  in  composition  to 
the  sodium  orthophosphate  (Na3P0.,.i2H.,0),  and  its  production  is  expressed  by 
the  equation,  PCl,S  + 6NaH0  = 3NaCl  + Na,P03S  + 3Hs0.  Salts  of  similar  com- 
position may  be  obtained  with  other  metallic  oxides. 

When  PC15  is  heated  above  148°  C.  it  is  dissociated  into  PC13  and  CL,  but  this 
may  be  prevented  by  surrounding  it  with  an  atmosphere  of  PC13,  and  thus  its 
vapour  density  has  been  determined.  . 

The  bromides  and  oxybromide  of  phosphorus  correspond  to  the  chlorine  com- 

P°Iodine  in  the  solid  state  combines  very  energetically  with  phosphorus,  but  if 
the  two  elements  be  brought  together  in  a state  of  solution  in  carbon  disulphide, 
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a more  moderate  action  ensues,  and  two  iodides  of  phosphorus  may  be  obtained  in 
crystals ; a tri-iodide  (PI3)  corresponding  to  the  trichloride,  and  diphosphorus 
tetriodide  (P2I4),  which  has  no  analogue  either  among  the  oxygen,  chlorine,  or 
bromine  compounds  of  phosphorus.  P.J,  forms  orange-red  crystals  which  are 
decomposed  by  water,  with  separation  of  red  phosphorus;  3P„I,  + I2H„0  = 
12HI  + P2  + 4P(0H)3.  PI5  and  PF5  have  also  been  obtained.  The  latter  is  a colour- 
less gas. 

The  addition  of  a very  small  quantity  of  iodine  to  ordinary  phosphorus,  fused 
in  a flask  filled  with  carbonic  acid  gas,  materially  accelerates  its  conversion  into 
the  red  modification,  and  allows  the  change  to  be  effected  at  a much  lower  tem- 
perature than  that  required  when  the  phosphorus  is  heated  alone,  probably  because 
successive  portions  of  vitreous  phosphorus  combine  with  the  iodine  to  form  an 
unstable  iodide  from  which  the  heat  separates  the  phosphorus  in  the  amorpaous 
form. 

169.  The  sulphides  of  phosphorus  may  be  formed  by  the  direct  combination  of 
their  elements.  If  ordinary  phosphorus  be  used,  the  experiment  is  not  unattended 
with  danger,  and  should  be  performed  under  water.  It  is  safer  to  combine  the 
amorphous  phosphorus  with  sulphur,  at  a moderate  heat,  in  an  atmosphere  of 
carbonic  acid  gas. 

P4S3  crystallises  from  carbon  disulphide  in  yellow  prisms,  which  are  decomposed 
when  boiled  with  water ; P4S3  + 9H„0  = 3P(OH)3  + PH3  + 3 H„S. 

P2S3  may  be  produced  by  the  action  of  3H2S  on  2PCI, ; it  is  a yellow  fusible 
solid  which  may  be  sublimed  in  crystals  if  air  be  excluded.  Water  decomposes 
it  into  phosphorous  and  hydrosulphuric  acids;  P2S3  + 6H20  = 2P(0H)3  + 3H2S. 

P2S5  forms  pale  yellow  crystals  which  yield  phosphoric  acid  when  decomposed 
by  water;  P2S5  + 8H20  = 2P0(0H)3+ 5H2S.  It  is  used  for  replacing  0 by  S in 
organic  compounds.  It  combines  with  alkaline  sulphides,  forming  sulphophosphates ; 
3K,S  + P2S5=2K3PS4. 

P2S  is  a yellow  oily  liquid  which  may  be  distilled  out  of  contact  with  air,  and 
is  not  decomposed  by  water. 

P2S4  forms  yellow  crystals. 

170.  Phosphamides  or  amides  of  phosphoric  acid. — When  phosphorus  oxychloride 
is  acted  on  by  ammonia,  ammonium  chloride  and  phosphotriamide  are  produced  ; 
the  former  is  dissolved  by  water,  which  leaves  the  phosphotriamide  as  a white 
insoluble  body,  not  easily  attacked  by  acids  and  alkalies — 

PC130  + 6NH3  = 3NII4C1  + N3HuPO  ( phosphotriamide ). 

If  the  sulphochloride,  PC13S,  be  substituted  for  the  oxychloride,  the  correspond- 
ing sulphosphotriamide,  N3H6PS,  is  obtained. 

The  action  of  ammonia  on  phosphoric  chloride  yields  chlorophosphamide, 
N2H4PC13 ; PC15 + 2NH3 = 2HCI + N2H4PC13. 

When  this  is  boiled  with  water,  a very  stable  insoluble  substance  is  obtained, 
which  is  phosphodiamide;  N2H4PC13  + H20  = 3HC1  + N2H3P0  ( phosphodiamide ). 

When  heated,  it  evolves  ammonia  and  becomes  phosphonitrile — 

N,H3PO  = NH3  + NPO. 

The  phosphamides  may  be  regarded  as  being  derived  from  the  ammonium  ortho- 
phosphates by  the  abstraction  of  3H20  ; thus — 

(NH4)3P04  minus  3H.,0  = N3H6PO  or  PO(NH„)3,  Phosphotriamide. 

(NH4)2HP04  „ „ = N2H3PO  or  PO(NH2)NH,  Phosphamide-imide. 

NH4H2P04  ,,  ,,  = NPO,  Phosphonitrile. 

When  boiled  with  potassium  hydrate,  the  phosphamides  acquire  the  elements- 
of  water,  and  are  converted  into  ammonia  and  potassium  orthophosphate. 

Nitrogen  chlorophosphide,  N'r3P"'3Cl(i,  is  obtained  by  distilling  phosphoric  chloride 
with  ammonium  chloride;  3PC15  + 3NH4C1  = N3P3C1„+ 12HCI.  It  is  a crystalline 
solid,  insoluble  in  water,  and  slowly  decomposed  by  it;  2P3N3C16+ I5H20  = 
I21IC1  + 3P203(NH2)2(0H)2,  pyropliosphodiamic  acid,  or  pyrophosphoric  acid, 
P203(0H)4,  in  which  two  NIL,  groups  have  replaced  two  OH  groups. 
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ARSENIC. 


As  = 75  parts  by  weight.* 


1 7 1 • This  element  is  often  classed  among  the  metals,  because  it  has  a 
metallic  lustre  and  conducts  electricity,  hut  it  is  not  capable  of  forming 
a base  with  oxygen,  and  the  chemical  character  and  composition  of  its 
compounds  connect  it  in  the  closest  manner  with  phosphorus. 

In  its  mode  of  occurrence  in  nature  it  more  nearly  resembles  the 
sulphur  group  of  elements,  for  it  is  occasionally  found  in  the  uncombined 
state  ( native  arsenic),  but  far  more  abundantly  in  combination  with 
various  metals,  forming  arsenides,  which  frequently  accompany  the  sul- 
phides of  the  same  metals.  The  following  are  some  of  the  chief  arsenides 
and  arsenio- sulphides  found  in  the  mineral  kingdom  : — 


Kupfernickel  NiAs 
Arsenical  nickel  NiAs2 
Tin-white  cobalt  CoAs2 
Arsenical  iron  Fe2As3 


Mispickel  FeS2.FeAs2 
Cobalt-glance  CoS2.CoAs2 
Nickel-glance  NiS2.NiAs2 


But  arsenic  also  occurs,  like  the  metals,  in  combination  with  sulphur ; 
thus  we  have  red  orpiment  or  realgar,  As2S2,  and  yellow  orpiment, 
As2S3.  It  is  from  these  minerals  that  arsenic  derives  its  name 
(aparevucov,  orpiment) ) the  sulphides  of  arsenic  are  also  found  in  com- 
bination with  other  sulphides : thus  Proustite  is  a compound  of  the 
sulphides  of  silver  and  arsenic  (3Ag2S.As2S3) ; Tennantite  contains  sul- 
phide of  arsenic  combined  with  the  sulphides  of  iron  and  copper;  and 
grey  copper  ore  is  composed  of  sulphide  of  arsenic  with  the  sulphides  of 
copper,  silver,  zinc,  iron,  and  antimony.  In  an  oxidised  form  arsenic 
is  found  in  condurrite,  which  contains  arsenious  anhydride  (As„03)  and 
cuprous  oxide.  Cobalt-bloom  consists  of  cobalt  arsenate,  Co3(As04)0. 

Arsenical  pyrites  is  one  of  the  principal  sources  of  arsenic  and  its 
compounds,  though  a considerable  quantity  is  also  obtained  in  the  form 
of  arsenious  oxide  as  a secondary  product  in  the  working  of  certain  ores, 
especially  those  of  copper,  tin,  cobalt,  and  nickel. 

The  substance  used  in  the  arts  under  the  name  of  arsenic  is  really 

the  ' arsenious  oxide  ( As„03) ; pure  arsenic 
itself  has  very  few  useful  applications,  so 
that  it  is  not  the  subject  of  an  extensive 
manufacture.  It  can  be  extracted  from 
mispickel  (Fe,S2As2)  by  heating  it  in 
earthen  cylindei’s  fitted  with  iron  x’eceivei’s, 
in  which  the  arsenic  condenses  as  a metallic- 
looking  crust,  the  heat  expelling  it  from 
the  mineral  in  the  form  of  vapour. 

On  a small  scale  it  may  be  obtained  by  heat- 
ing a mixture  of  white  arsenic  with  half  its 
weight  of  recently  calcined  charcoal  in  a crucible 
(fig.  2 1 6),  the  mixture  being  covered  with  two  or 
three  inches  of  charcoal  in  very  small  fragments, 
and  the  crucible  so  placed  that  this  charcoal 
may  be  heated  to  redness  first,  in  order  to  ensure 
the  reduction  of  any  oxide  which  might  escape  from  below.  In  order  to  collect 


Fig.  216. — Extraction  of  arsenic. 


& The  specific  gravity  of  the  vapour  of  arsenic,  like  that  of  phosphorus,  indicates  that 
7c  parts  bv  weight  only  occupy  half  a volume.  Hence  the  molecule  of  arsenic  must  be 
represented  as  As,  = 2 volumes  ; but  at  very  high  temperatures  a disposition  to  conform 
with  the  law  is  shown  by  a diminution  in  the  vapour  density. 
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the  arsenic,  another  crucible,  having  a small  hole  drilled  through  the  bottom  for 
the  escape  of  gas,  is  cemented  on  to  the  first,  in  an  inverted  position,  with  fire- 
clay, and  protected  from  the  fire  by  an  iron  plate  with  a hole  in  it  for  the  crucible. 
The  reduction  of  arsenious 
anhydride  by  charcoal  is  thus 
represented — 

As.,03  -f-  C3  — As2  -f- 

For  the  sake  of  illustration, 
a small  quantity  of  arsenic 
may  be  prepared  from  white 
arsenic  by  a method  commonly 
employed  in  testing  for  that 
substance.  A small  tube  of 
German  glass  is  drawn  out  to 
a narrow  point  (A,  fig.  217), 
and  sealed  with  the  aid  of  the 
blowpipe.  A very  minute 
quantity  of  white  arsenic  is  in- 
troduced into  the  point  of  the  tube,  and  a few  fragments  of  charcoal  are  placed 
in  the  tube  itself  at  B The  charcoal  is  heated  to  redness  with  a blowpipe  flame, 
and  the  point  is  then  heated  so  as  to  drive  the  white  arsenic  in  vapour  over  the 
red-hot  charcoal,  when  a shining  black  ring  of  arsenic  (C)  will  be  deposited  upon 
the  cooler  portion  of  the  tube. 

The  arsenic  thus  obtained  is  a brittle  mass  of  a dark  steel-grey  colour 
and  brilliant  metallic  lustre  (sp.  gr.  5.7).  It  does  not  fuse  when  heated, 
unless  in  a sealed  tube,  since  it  is  converted  into  vapour  at  180°  C.  It 
is  not  changed  by  exposure  to  air,  unless  powdered  and  moistened,  when 
it  is  slowly  converted  into  As.,03.  When  heated  in  air  it  oxidises 
rapidly  at  about  71°  C.,  giving  off  white  fumes  of  arsenious  oxide  and 
a characteristic  garlic  odour  (recalling  that  of  phosphorus),  which  is 
also  produced  when  arsenical  pyrites  is  struck  with  a hammer  or  pick. 
At  a red  heat  it  burns  in  air  with  a bluish-white  flame,  and  in  oxygen 
with  great  brilliancy.  It  is  not  dissolved  by  water  or  any  simple 
solvent,  but  is  oxidised  and  dissolved  by  nitric  acid. 

In  its  chemical  relations  to  other  elements,  arsenic  much  resembles 
phosphorus,  undergoing  spontaneous  combustion  in  chlorine,  and  easily 
combining  with  sulphur.  Like  phosphorus  also,  it  combines  with  many 
metals,  even  with  platinum,  to  form  arsenides,  and  its  presence  often 
affects  materially  the  properties  of  the  useful  metals. 

Pure  arsenic  does  not  produce  symptoms  of  poisoning  till  a consider- 
able period  after  its  administration,  being  probably  first  oxidised  in  the 
stomach  and  intestines,  and  converted  into  arsenious  acid. 

When  arsenic  is  sublimed  in  a tube  filled  with  hydrogen,  ordinary 
or  crystalline  arsenic  condenses  on  the  warmer  part  of  the  tube,  but, 
on  the  cooler  part,  amorphous  arsenic  is  deposited,  of  sp.  gr.  only  4.7. 
This  is  not  so  easily  oxidised  in  moist  air  as  the  crystalline  variety. 
At  360°  C.  it  evolves  heat  and  becomes  converted  into  crystalline 
arsenic. 

Oxides  of  Arsenic. 

172.  Arsenic  forms  tvro  compounds  with  oxygen,  corresponding  to 
phosphorous  and  phosphoric  anhydrides,  viz.,  As„03  and  As205. 

Arsenious  oxide  (As203  =198  parts  by  wreight  = 1 volume  = 1 volume 
As  + 3 volumes  0).* — Unlike  phosphorus,  arsenic,  when  burning  in 

c The  specific  gravity  of  fie  vapour  of  arsenious  oxide  is  198  times  that  of  hydrogen, 
instead  of  99  times  accordii.  j to  the  usual  law. 
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air,  only  combines  with  three  atoms  of  oxygen.  Arsenious  oxide,  or 
white  arsenic , is  a very  useful  substance  in  many  branches  of  industry. 
It  is  employed  in  the  manufacture  of  glass,  and  of  several  colouring 
matters.  A large  quantity  is  also  consumed  for  the  preparation  of 
arsenic  acid  and  arseniate  of  soda ; it  is,  indeed,  the  source  from  which 
nearly  all  the  compounds  of  arsenic  are  procured.  Small  quantities  of 
crystalline  arsenious  oxide  are  occasionally  found  associated  with  the 
ores  of  nickel  and  cobalt. 

White  arsenic  is  manufactured  by  roasting  the  arsenical  pyrites, 
chiefly  obtained  from  the  mines  of  Silesia,  in  muffles  or  ovens,  through 
which  air  is  allowed  to  pass,  when  the  arsenic  is  converted  into  As,0.f, 
and  the  sulphur  into  SO,,  which  are  conducted  into  large  chambers  in 
which  the  As,03  is  deposited  as  a very  fine  powder.  The  iron  of  the 
pyrites  is  left  partly  as  oxide,  and  partly  as  sulphate  of  iron.  The 
removal  of  the  As,03  from  the  condensing  chambers  is  a very  unwhole- 
some operation,  owing  to  its  dusty  and  very  poisonous  character.  The 
workmen  are  cased  in  leather,  and  protect  them  mouths  and  noses  with 
damp  cloths,  so  as  to  avoid  inhaling  the  fine  powder. 

This  rough  white  arsenic  is  subjected  to  a second  sublimation  on  a 
smaller  scale  in  iron  vessels,  when  it  is  obtained  in  the  form  of  a semi- 
transparent glassy  mass  known  as  vitreous  arsenious  acid,  which  gradually 
becomes  opaque  when  kept,  and  ultimately  resembles  porcelain.  The 
white  arsenic  sold  in  the  shops  is  a fine  powder,  dangerously  resembling 
flour  in  appearance,  but  so  much  heavier  (sp.  gr.  3.8)  that  it  ought  not 
to  be  mistaken  for  it.  When  examined  under  the  microscope,  it  appears 
in  the  form  of  irregular  glassy  fragments,  mixed  with  octahedral  crystals. 
White  arsenic  softens  when  gently  heated,  but  does  not  fuse  (unless  in 
a sealed  tube),  being  converted  into  vapour  at  1930  C.,  and  depositing 
in  brilliant  octahedral  crystals  upon  a cool  surface.  The  experiment  may 
be  made  in  a small  tube  sealed  at  one  end,  the  upper  part  of  which  should 
be  slightly  warmed  before  heating  the  arsenious  oxide,  so  as  to  prevent 
too  rapid  condensation,  which  is  unfavourable  to  the  formation  of 
distinct  crystals.*  The  octahedra  are  best  examined  with  a binocular 
microscope.  This  common  poison  may  fortunately  be  still  more  easily 
recognised  by  sprinkling  it  upon  a red-hot  coal,  when  a strong  odour 
of  garlic  is  perceptible,  due  to  the  reduction  of  the  As„03  by  the  heated 
carbon ; the  vapour  of  white  arsenic  itself  is  inodorous.  The  sparing 
solubility  of  white  arsenic  in  water  is  very  unfavourable  to  its  action 
as  a poison,  for,  when  thrown  into  ordinary  liquids,  it  is  dissolved  in  very 
small  quantity,  the  greater  part  of  it  collecting  at  the  bottom.  Even 
when  taken  into  the  stomach  in  a solid  state,  its  want  of  solubility 
delays  its  operation  sufficiently  to  give  a better  chance  of  antidotal 
treatment  than  in  the  case  of  most  other  common  poisons.  Its  com- 
parative insolubility  is  shown  by  its  being  almost  tasteless. 

When  thrown  into  water,  white  arsenic  exhibits  great  repulsion  for 
the  particles  of  that  liquid,  and  collects  in  a characteristic  manner  round 
little  bubbles  of  air,  forming  small  white  globes  which  are  not  wetted 
by  the  water.  Even  if  stirred  with  the  water,  and  allowed  to  remain  in 
contact  with  it  for  some  hours,  a pint  of  water  (20  oz.)  would  not  take 

* When  arsenious  oxide  is  fused  in  a long  tube,  sealed  at  both  ends,  and  buried  in  hot 
sand,  the  mass,  after  cooling,  is  found  to  contain  some  prismatic  crystals,  which  are  also 
sublimed  on  those  parts  of  the  tube  which  have  been  heated  above  200°  0. 
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up  more  than  20  grs.  The  smallest  dose  which  has  been  known  to 
prove  fatal  is  2.5  grs.  If  boiling  water  be  poured  upon  powdered  white 
arsenic,  and  allowed  to  remain  in  contact  with  it  till  cold,  it  will  dissolve 
about  -j-jj-jj-th  of  its  weight  (22  grs.  in  a pint). 

When  powdered  white  arsenic  is  boiled  with  water  for  two  or  three 
hours,  100  parts  by  weight  of  water  may  be  made  to  dissolve  11.5  parts, 
and  when  the  solution  is  allowed  to  cool,  about  9 parts  will  be  deposited 
in  octahedral  crystals,  leaving  2.5  parts  dissolved  in  100  of  water 
(219  grs.  in  a pint). 

This  great  increase  in  the  solubility  of  the  arsenious  oxide  by  long 
boiling  with  water  is  usually  attributed  to  the  conversion  of  the  opaque 
or  crystalline  variety,  which  always  composes  the  powder,  into  the 
vitreous  modification,  which  is  the  more  soluble  in  water.  Water,  heated 
with  white  arsenic  in  a sealed  tube,  may  be  made  to  dissolve  its  own 
weight  of  it ; as  the  solution  cools,  it  first  deposits  prismatic  crystals, 
and  afterwards  the  ordinary  octahedral  form.  The  solution  is  very 
feebly  acid  to  blue  litmus-paper.  Glycerin  dissolves  As203  easily  when 
heated. 

White  arsenic  dissolves  abundantly  in  hot  hydrochloric  acid  (a  part  of 
it  being  converted  into  arsenious  chloride),  and  as  the  solution  cools, 
part  of  the  oxide  is  deposited  in  large  octahedral  crystals.  It  is  said 
that  if  the  vitreous  form  be  dissolved  in  hydrochloric  acid,  the  forma- 
tion of  these  crystals  will  be  attended  by  flashes  of  light,  visible  in  a 
darkened  room ; but  the  opaque  variety  does  not  exhibit  this  pheno- 
menon. 

The  vitreous  arsenious  oxide  has  specific  gravity  3.798,  and  the  opaque 
3.529,  and  the  former  fuses  rather  more  easily.  The  opaque  variety 
appears  to  be  identical  in  its  properties  with  crystallised  arsenious  oxide. 

Solutions  of  the  alkalies  readily  dissolve  arsenious  oxide,  forming  alka- 
line arsenites,  the  solutions  of  which  are  capable  of  dissolving  arsenious 
oxide  more  easily  than  water,  and  deposit  it  in  crystals  on  'cooling. 
Arsenious  oxide  is  sometimes  deposited  in  prismatic  crystals  from  its 
solution  in  potash,  and  the  same  form  has  been  found  native.  On  adding 
a small  quantity  of  hydrochloric  acid  to  the  solution  of  the  alkaline 
arsenite,  a white  precipitate  of  arsenious  oxide  is  formed. 

White  arsenic  has  the  property  of  preventing  the  puti’efaction  of  skin 
and  similar  substances,  and  is  occasionally  employed  for  the  preservation 
of  objects  of  natural  history,  &c. 

Arsenites. — Arsenious  acid,  properly  so  called,  has  not  yet  been  obtained 
in  the  separate  state.  The  aqueous  solution  of  white  arsenic,  when  neu- 
tralised exactly  with  ammonia,  yields,  with  silver  nitrate,  a yellow  preci- 
pitate having  the  composition  Ag'3As03 ; with  cupric  sulphate,  a green 
precipitate  having  the  composition  Cu"HAs03 ; with  zinc  sulphate,  a 
white  precipitate  containing  Zn"3(As03)2 ; and  with  magnesium  sulphate, 
a white  precipitate  of  Mg'/HAs03.  It  would  appear,  therefore,  that  the 
arsenious  acid  from  which  these  salts  are  derived  is  a tribasic  acid  having 
the  formula  H3As03,  corresponding  to  boric  acid,  H3B03.  Arsenious 
acid  does  not  destroy  the  alkaline  reaction  of  the  alkalies,  and  it  does 
not  decompose  the  alkaline  carbonates  unless  heat  is  applied,  proving  it 
to  be  a feeble  acid.  The  ammonium  arsenite  is  very  unstable,  evolving 
ammonia  freely  when  exposed  to  the  air.  When  arsenious  oxide  is 
dissolved  in  a hot  solution  of  ammonia,  octahedral  crystals  of  it  are 
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deposited  on  cooling,  notwithstanding  the  presence  of  ammonia  in  large 
excess. 

When  the  carbonates  of  potassium  and  sodium  are  fused  with  an  ex- 
cess of  arsenious  oxide,  brilliant  transparent  glasses  are  obtained  which 
are  similar  in  composition  to  glass  of  borax  (K2As407  and  Na,As407). 

If  an  alkaline  arsenite  be  fused  in  contact  with  platinum,  the  latter 
is  easily  melted,  combining  with  a small  proportion  of  arsenic  to  form  a 
fusible  platinum  arsenide,  a portion  of  the  arsenite  being  converted  into 
arsenate.  The  alkaline  arsenates  are  so  much  more  stable  than  the 
arsenites  that  the  latter  exhibit  a great  tendency  to  pass  into  the  former, 
with  separation  of  arsenic. 

The  arsenites  of  potassium  and  sodium  in  solution  are  sometimes 
employed  as  sheep-dipping  compositions;  and  an  arsenical  soap,  com- 
posed of  potassium  arsenite,  soap,  and  camphor,  is  used  by  naturalists 
to  preserve  the  skins  of  animals.  Sodium  arsenite  is  also  occasionally 
employed  for  preventing  incrustations  in  steam-boilers,  being  prepared 
for  that  purpose  by  dissolving  2 molecules  of  white  arsenic  and  1 molecule 
of  sodium  carbonate. 

Sclieeles  green  is  an  arsenite  of  copper  prepared  by  dissolving  white 
arsenic  in  a solution  of  potassium  carbonate,  and  decomposing  the 
arsenite  of  potassium  thus  produced  by  adding  sulphate  of  copper,  when 
the  arsenite  of  copper  is  precipitated.  This  poisonous  colour  is  used  to 
impart  a bright  green  tint  to  paper  hangings,  and  is  sometimes  injurious 
to  the  health  of  the  occupants  of  rooms  thus  decorated,  since  the  arsenite 
of  copper  is  often  easily  rubbed  off  the  paper,  and  diffused  through  the 
air  in  the  form  of  a fine  dust,  a small  portion  of  which  is  inhaled  with 
every  breath. 

The  presence  of  the  arsenite  of  copper  in  a sample  of  such  paper  is  readily- 

proved  by  soaking  it  in  a little  ammonia, 
which  will  dissolve  the  arsenite  of  copper 
to  a blue  liquid,  the  presence  of  arsenic 
in  which  may  be  shown  by  acidifying  it 
with  a little  pure  hydrochloric  acid,  and 
boiling  with  one  or  two  strips  of  pure 
copper,  which  will  become  covered  with 
a steel-grey  coating  of  arsenide  of  cop- 
per. On  washing  the  copper,  drying  it 
on  filter-paper,  and  heating  it  in  a small 
tube  (fig.  218),  the  arsenic  will  be  con- 
verted into  arsenious  oxide,  which  will 
deposit  in  brilliant  octahedral  crystals 
on  the  cool  part  of  the  tube.  It  is 
obvious  that,  to  avoid  mistakes,  the 
ammonia,  hydrochloric  acid,  and  copper  should  be  examined  in  precisely  the 
same  way,  without  the  suspected  paper,  so  so  as  to  render  it  certain  that  the 
arsenic  is  not  derived  from  them. 

The  effective  green  colour  of  the  arsenite  of  copper  also  leads  to  its 
employment  as  a colour  for  feathers,  muslin,  Ac.,  where  it  is  very  in- 
jurious to  the  health  of  the  work-people.  It  has  even  been  ignorantly 
or  recklessly  used  for  colouring  twelfth-cake  ornaments,  Ac. 

Emerald-green  is  a combination  of  arsenite  and  acetate  of  copper 
obtained  by  mixing  hot  solutions  of  equal  weights  of  white  arsenic  and 
acetate  of  copper. 

In  quantities  short  of  poisonous  doses,  white  arsenic  appears  to  have 
a remarkable  effect  upon  the  animal  body.  Grooms  occasionally  employ 
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it  to  improve  the  appearance  of  horses,  and  in  Styria  it  seems  to  be 
taken  by  men  and  women  for  the  same  purpose,  apparently  favouring 
the  secretion  of  fat.  It  is  said  that  a continuance  of  the  custom  develops 
a craving  for  this  drug,  and  enables  large  doses  to  be  taken  without 
immediate  danger,  though  the  ultimate  consequences  are  very  serious. 

Solution  of  potassium  arsenite  ( Foivler’s  solution ) has  long  been  used 
in  medicine. 

173.  Arsenic  acid  (H8As04). — This  acid  has  acquired  great  importance 
in  the  chemical  arts  during  the  last  few  years,  having  been  employed  to 
replace  the  expensive  tartaric  acid  used  in  calico-printing,  and  to  furnish 
by  its  action  upon  aniline,  the  magnificent  dye  known  as  Magenta. 

Arsenic  acid  is  prepared  by  oxidising  white  arsenic  with  three-fourths 
of  its  weight  of  nitric  acid  of  sp.  gr.  1.35,  when  it  dissolves  with  evolution 
of  much  heat  and  abundant  red  fumes  of  nitrous  anhydride 


As.,0,  + 2HNO,  + 


2Ha0 


N„0„  + 


2H3As04. 


After  cooling,  the  solution  deposits  very  deliquescent  prismatic 
crystals  containing  2H3As04.Aq.  When  heated  to  ioo°  C.,  these 
melt,  and  the  liquid  deposits  needle-like  crystals  of  ortlio-arsenic  acid , 
H3As04,  corresponding  to  orthophosphoric ; at  180°  C.,  2H  AsO  = 
H20  + H4As207,  pyro-arsenic  acid,  corresponding  to  pyrophosphoric  ; ' at 
206  C.,  H4As207  = H,0  -1-  2II  As03,  metarsenic acid,  corresponding  to  meta- 
phosphoric ; but  here  the  resemblance  ceases,  for  at  260°  C.,  2HAs03  = 
H,0  + As.,05,  whereas  HP03  may  be  vaporised  without  decomposition. 
When  metarsenic  and  pyro-arsenic  acids  are  dissolved  in  water,  they 
at  once  become  ortho-arsenic  acid.  The  meta-  and  pyro-arsenates  are 
known  only  in  the  solid  state.  As„0.  is  decomposed  at  a red  heat  into 
As203  and  0,. 

Arsenic  anhydride,  As.,0.,  has  very  much  less  attraction  for  water  than 
the  phosphoric  anhydride  to  which  it  corresponds;  it  deliquesces  slowly 
in  air,  and  dissolves  rather  reluctantly  in  water.  Neither  does  it  appear 
that  its  combinations  with  water  differ  from  each  other,  like  the  phosphoric 
acids,  in  the  salts  to  which  they  give  rise,  arsenic  acid  forming  tribasic 
salts  only,  like  common  phosphoric  acid.  The  arsenates  correspond  very 
closely  to. the  orthophosphates,  with  which  they  are  isomorphous  (i.e. 
identical  in  crystalline  form).  Thus  the  three  arsenates  of  sodium  are 
similar  in  composition  to  the  three  orthophosphates,  their  formula;  being 
N a3As04. 1 2 Aq ; Na,HAs04.i2Aq ; and  2(NaH9As04)Aq. 

The  common  arsenate  of  soda  (Na2HAs04.7'Aq)  is  largely  used  by 
ca  lco-printers  as  a substitute  for  the  dung-baths  formerly  employed, 
since,  like  the  common  phosphate  of  soda,  it  possesses  the  feebly  alkaline 
properties  required  in  that  particular  part  of  the  process.  It  is  manu- 
tactured  by  combining  arsenious  oxide  with  soda,  and  heating  the 
resulting  arsenite  with  sodium  nitrate,  from  which  it  acquires  oxygen, 
becoming  converted  into  sodium  arsenate. 

Calcium  arsenate,  2CaIIAs04.7lI20,  has  been  found  in  crystalline 
crusts  at  Joachimsthal.  Arsenio-siclerite  and  xantho-siderite  are  calcic- 
iemc  arsenates. 

Arsenic  acid  is  a much  more  powerful  acid  than  arsenious  acid,  being 
comparable,  in  this  respect,  with  phosphoric  acid.  It  is  less  stable  than 
p osphonc  acid,  and  acts  as  an  oxidising  agent.  Sulphurous  acid,  which 
is  Without  action  on  phosphoric,  reduces  arsenic  acid  to  arsenious  acid  • 
H,As04  + H2SOs  = II  AsO.  + H.,  SO.. 
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i 74.  Arsenetted  hydrogen,  or  hydric  arsenide  (AsH3  =78  parts  by  weight 
= 2 vols.  = -g- vol.  As  + 3 vols.  H). — The  only  compound  of  arsenic  and 
hydrogen  the  existence  of  which  has  been  satisfactorily  established  is 
that  which  corresponds  to  ammonia  and  phosphine.  It  is  prepared  by 
the  action  of  sulphuric  acid  diluted  with  three  parts  of  water  upon  the 
zinc  arsenide,  obtained  by  heating  equal  weights  of  zinc  and  arsenic  in 
an  earthen  retort ; Zn3As2  + 3H2S04  - 2 AsH3  + 3ZnS04.  The  gas  is  so 
poisonous  in  its  character  that  its  preparation  in  the  pure  state  is 
attended  with  danger.  It  has  a sickly  alliaceous  odour,  and  may  be 
liquefied  at  - 55°  C.  and  solidified  at  - 1 190  C.  It  is  inflammable,  burn- 
ing with  a peculiar  livid  flame,  producing  water  and  fumes  of  arsenious 
oxide  • 2AsH3  + Og  = As,03  + 3lT20.  The  chief  interest  attaching  to  this 
gas  depends  upon  the  circumstance  that  its  production  allows  of  the  detec- 
tion of  very  minute  quantities  of  arsenic  in  cases  of  poisoning. 

The  application  of  this  test,  known  as  Marsh’s  test,  is  the  safest  method  of 
preparing  arsenetted  hydrogen  in  order  to  study  its  properties,  for  it  is  obtained 
so  largely  diluted  with  free  hydrogen  that  it  ceases  to  be  so  very  dangerous. 
Some  fragments  of  granulated  zinc  are  introduced  into  a half-pint  bottle  (fig.  219), 

& . provided  with  a funnel 

S M tube  (A),  and  a narrow 

aT  n (lii  tube  (B)  bent  at  right 

angles  and  drawn  out  to 
a jet  at  the  extremity; 
this  tube  should  be  made 
of  German  glass,  so  that 
it  may  not  fuse  easily. 
The  bottle  having  been 
about  one-third  filled 
with  water,  a little  di- 
luted sulphuric  acid  is 
poured  down  the  fun- 
nel tube  so  as  to  cause 
a moderate  evolution  of 
Fi°\  22i.  hydrogen,  and  after 

Big.  220.  about  five  minutes  (to 

allow  the  escape  of  the  air)  the  hydrogen  is  kindled  at  the  jet.  If  a few  drops  of 
a solution  obtained  by  boiling  white  arsenic  with  water  be  now  poured  down  the 
funnel  arsenetted  hydrogen  will  be  evolved  together  with  the  hydrogen 
As,03  + ZnB  + 6H2S04  = 2AsH3  + 6ZnS04  + 3H..O. 

The  hydrogen  flame  will  now  acquire  the  livid  hue  above  referred  to,  and  a 
white  smoke  of  As,03  will  rise  from  it.  If  a piece  of  glass  or  porcelain  be  de- 
-nressed  upon  the  flame  (fig.  220),  it  will  acquire  a brown  coating  of  arsenic,  311st 
L porbon  would  be  deposited  from  an  ordinary  gas -flame.  Arsenetted  hydrogen 
is  easily  decomposed  by  heat,  so  that  if  the  glass  tube  through  which  it  passes 
be  heated  with  a spirit-lamp  (fig.  221)  a dark  mirror  of  arsenic  will  be  deposited 
a little  in  front  of  the  heated  part,  and  the  flame  of  the  gas  will  lose  its  livid 
Tinp  These  deposits  of  arsenic  are  extremely  thin,  so  that  a very  minute  quantity 
of  arsenic  is  required  to  form  them,  thus  rendering  the  test  one  of  extraordinary 
rlpb'cacv  It  must  be  remembered,  however,  that  both  sulphuric  acid  and  zinc 
are  liable  to  contain  arsenic,  so  that  erroneous  results  may  be  very  easily  arrived 

at  Arscnettecfhydrogen,  like  sulphuretted  hydrogen,  causes  dark  precipitates  in 

“SeTnSl'SredSidto  the  metallic  state  by  AsH, ; AsH,+6AgNO,+3H  0- 
H So  +6HN0  + 3Ag2.  Apiece  of  filter-paper,  spotted  over  with  silver  nitrate 
solution^  will  have  the  spots  blackened  if  held  before  the  tube  from  which  the  gas 
issues  The  simplest  test  for  arsenic  in  wall-paper,  k is  to  drop  a piece  of  the 
1SS  i-n+n  n <rl  n ^containing  some  zinc  and  sulphuric  acid,  and  to  cover  the  mouth 
nfMbp  class*  with  a piece  of  paper  wetted  with  silver  nitrate,  which  will  be  blackened 
it IS  bl present The  baity  of  the  materials  should  be  tested  first  in  the 
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same  way,  and  the  absence  of  sulphur,  which  also  blackens  silver  nitrate,  should 
be  proved  by  lead  acetate,  which  is  not  blackened  by  arsenic. 

Hydric  phosphide,  hydric  arsenide,  and  ammonia  constitute  a group 
of  hydrogen  compounds  having  certain  properties  in  common,  which 
distinguish  them  from  the  compounds  of  hydrogen  with  other  elements. 

Two  volumes  of  each  of  these  gases  contain  three  volumes  of  hydrogen. 

They  are  all  possessed  of  peculiar  odours,  that  of  ammonia  being  the 
most  powerful  and  that  of  hydric  arsenide  the  least.  Ammonia  is 
powerfully  alkaline,  phosphine  exhibits  some  tendency  to  play  an  alka- 
line part,  whilst  hydric  arsenide  seems  devoid  of  alkaline  disposition. 
All  these  are  inflammable,  ammonia  being  the  least  so  of  the  group  ; 
and  all  are  decomposed  by  heat,  ammonia  least  easily,  and  hydric 
arsenide  most  easily.  They  are  all  producible  from  their  corresponding 
oxygen  compounds,  viz.,  N„03,  P,03,  and  As,03,  by  the  action  of  nascent 
hydrogen  (e.g.,  by  contact  with  zinc  and  diluted  sulphuric  acid). 

All  three  are  the  prototypes  of  various  organic  bases  which  contain 
some  compound  radical  in  place  of  the  hydrogen,  thus — 


NH3  is  the  prototype  of  triethylamine  N(C2H5)3 
PH3  ,,  ,,  triethylpliosphine  P(C2H5)3 

AsH3  ,,  ,,  triethylarsine  As(C2H.)3 

175.  Arsenic  trichloride,  or  arsenious  chloride. — Only  one  compound  of  chlorine 
with  arsenic  (AsCL,)  is  well  known.* 

The  trichloride  may  be  formed  by  the 
direct  union  of  its  elements,  but  the 
simplest  laboratory  process  for  pro- 
curing it  consists  in  heating  white 
arsenic  in  dry  chlorine  gas,  in  a 
tubulated  retort  (A,  fig.  222),  extem- 
porised from  a Florence  flask  (see 
p.  106).  The  arsenious  anhydride 
soon  melts,  and  the  trichloride  distils 
over,  leaving  a melted  mass  in  the 
flask,  which  forms  a brilliantly  trans- 
parent glass  on  cooling,  the  composi- 
tion of  which  varies  somewhat  with 
the  temperature  employed,  but  ap- 
pears to  be  essentially  2As203.As.,03. 

The  same  vitreous  compound  may  be 
obtained  by  fusing  arsenious  and 
arsenic  oxides  together.  The  reaction  may  be  represented  by  the  equation, 

1 iAs203  + Cl12  = 4AsCl3  + 3(2As,03.As205). 

Arsenic  trichloride  bears  a great  general  resemblance  to  phosphorus  trichloride  ; 
it  is  a heavy  (sp.  gr.  2.2),  pungent,  fuming  liquid,  decomposed  by  the  moisture 
-of  the  air,  its  vapours  depositing  a white  coating  upon  the  objects  in  its  imme- 
diate neighbourhood.  When  poured  into  water  it  deposits  arsenious  oxide  ; 
2AsCl3  + 3Ha0=As203  + 6HCl ; but  when  dissolved  in  the  smallest  possible  quan- 
tity of  water  it  deposits  crystals  of  the  formula  AsOCl.H„0  or  AsC1(HO)2. 

When  white  arsenic  is  dissolved  in  hydrochloric  acid,  arsenious  chloride  is 
formed,  A.s.,0.,  + 6HC1=  2AsCl3  + 3ILO,  and  remains  undecomposed  by  the  water 
m the  presence  of  strong  hydrochloric  acid,  but  if  water  be  added,  arsenious 
oxide  is  precipitated.  When  the  solution  in  hydrochloric  acid  is  distilled,  the 
arsenious  chloride  distils  over,  and  this  is  sometimes  a convenient  method  of 
separating  arsenic  from  articles  of  food,  &c.,  in  testing  for  that  poison.  When 
heated  in  dry  hydrochloric  acid  gas,  white  arsenic  yields  a glassy  compound 
which  contains  As20:(.AsC10  ; 3As203  + 2HC1  = 2(As203.AsC10)  + H20. 

Arsenic  trichloride  and  arsenic  trihydride  decompose  each  other,  yielding 
hydrochloric  acid  and  arsenic. 


* Nickles  appears  to  have  succeeded  in  forming  the  pentachloride  by  the  action  of 
hydrochloric  acid  gas  on  As205  in  presence  of  ether : he  describes  it  as  very  unstable  and 

easily  converted  into  the  trichloride.  ' ’ 
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In  composition  by  volume,  the  arsenious  chloride  resembles  phosphorous  chloride, 
containing  \ volume  of  arsenic  vapour  and  3 volumes  of  chlorine  condensed  into 
2 volumes,  the  specific  gravity  of  its  vapour  being  6.3. 

Arsenious  bromide  much  resembles  the  chloride  in  its  chemical  characters,  but 
is  a solid  crystalline  substance,  easily  fusible. 

176.  Arsenic  tri-iodide,  or  arsenious  iodide  (Asl3),  is  remarkable  for  not  being 
decomposed  by  water,  like  the  corresponding  phosphorus  compound.  When 
obtained  by  heating  arsenic  and  iodine  together,  it  sublimes  in  brick -red  flakes, 
which,  if  prepared  on  a large  scale,  hang  in  long  laminae,  like  sea-weed.  It  may 
be  dissolved  in  boiling  water,  and  crystallises  out  unchanged.  It  may  even  be 
prepared  by  heating  3 parts  of  arsenic  with  10  of  iodine,  and  100  of  water,  when 
the  solution  deposits  red  crystals  of  the  hydrated  tri-iodide,  from  which  the  water 
may  be  expelled  by  a gentle  heat.  . 

Asla  is  precipitated  as  a golden  crystalline  powder  on  mixing  a hot  solution  ot 
As.,0.,  in  HC1  with  a strong  solution  of  KI. 

Arsenic  di-iodide,  Asl,,  is  obtained  by  heating  1 part  of  arsenic  and  2 parts  ot 
iodine  in  a sealed  tube  to  230°  C.,  and  crystallising  from  CS2  in  an  atmosphere  01 
CO.,.  It  forms  red  prismatic  crystals  which  become  black  when  treated  with 

water,  according  to  the  equation  3AsI2  = 2 Asl3  + As.  . . , 

When  iodine  is  dissolved  in  a hot  solution  of  arsenious  acid,  this  is  oxidisecl 
to  arsenic  acid ; H3As03  + H20  + 12= II3As04  + 2HI.  When  the  solution  is  concen- 
trated by  evaporation,  the  change  is  reversed,  and  iodine  liberated. 

The  arsenic  tri-fluorkle  (AsE3)  resembles  the  trichloride,  but  is  much  more 
volatile.  It  may  be  obtained  by  distilling  4 parts  of  arsenious  oxide  with  5 ot 
fluor  spar  and  10  of  strong  sulphuric  acid,  in  a leaden  retort  (see  31.  ibo). . It  does 
not  attack  glass  unless  water  be  present,  which  decomposes  it  into  arsenious  and 
hydrofluoric  acids.  PC15  converts  it  into  PF5  and  AsCL,- 

177.  Sulphides  of  arsenic. — There  are  three  well-known  sulphides 
of  arsenic,  having  the  composition  As2S2,  As2S3,  and  As2S6,  the  two 
former  being  found  in  nature. 

Realgar  (As2S2)  is  a beautiful  mineral,  crystallised  111  orange-red 
prisms;  but  the  red  orpiment  used  in  the  arts  is  generally  prepared  b) 
heating  a mixture  of  white  arsenic  and  sulphur,  when  sulphurous  acid 
gas  escapes,  and  an  orange-coloured  mass  of  realgar  is  left 
2As203  + S7  = 2As2S2  + 3SO,. 

Another  process  for  preparing  it  consists  in  distilling  arsenical  pyrites 
with  sulphur  or  with  iron  pyrites  ; FeS2.FeAs2  + 2FeS2  = 4FeS  + As2b  . 
The  realgar  distils  over,  and  condenses  to.  a red  transparent  solid. 
Realgar  burns  in  air  with  a blue  flame,  yielding  arsenious  and  sul- 
phurous oxides.  If  it  be  thrown  into  melted  saltpetre,  it  burns  with  a 
brilliant  white  flame,  being  converted  into  arsenate  and  sulphate  of 
potassium.  This  brilliant  flame  renders  realgar  an  important  ingredient 
in  Indian  fire  and  similar  compositions  for  fire-works  and  signal  lights 
A mixture  of  one  part  of  red  orpiment  with  3.5  parts  of  sublimed 
sulphur  and  14  parts  of  nitre  is  used  for  signal-light  composition. 

Realgar  is  not  easily  attacked  by  acids  ; nitric  acid,  however,  dissolves  it, .with 
the  aid  of  heat,  forming  arsenic  acid  and  sulphuric  acid,  with  separation  of  part 
ofthe  sulphur  in  the  free  state.  Alkalies  (potash,  for  example)  partly  dissolve 
it  leaving  a dark  brown  substance,  which  appears  to  contain  free  arsenic 

3As.,S„  = 2As.,S3  + As„. 

When  exposed  to  air,  realgar  is' partly  oxidised  and  converted  into  a mixture  0 

Z Yellow  orpiment , or  arsenious  sulphide  (As2S3),  is  found  native  in 
yellow  prismatic  crystals.  The  paint  known  as  Kings  VdlowJ\^ 
mixture1  of  arsenious  sulphide  and  arsenious  anhydride,  prepared  by 
subliming  a mixture  of  sulphur  with  white  arsenic,  S9  + 2 A's  3 
2 As  S + 3SO,.  It  is,  of  course,  very  poisonous.  . 

This  substance,  like  realgar,  is  not  much  affected  by  acids,  excepting  nitric  acid  , 
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but  it  dissolves  entirely  in  potash,  forming  potassium  arsenite  and  sulpharsenite  ; 
6KH0  + As2S3  = ILAsS3  + K3As03  + 3H20.  Ammonia  also  dissolves  it  easily,  form- 
ing a colourless  solution  which  is  employed  for  dyeing  yellow,  since  if  a piece  of 
s tu IT  be  dipped  into  it  and  exposed  to  air,  the  ammonia  will  volatilise,  leaving  the 
yellow  orpiment  behind.  When  As2S3  is  boiled  with  a strong  solution  of  sodium 
carbonate,  H„S  is  evolved  and  As2S2  is  deposited  as  a crystalline  powder. 

The  formation  of  the  characteristic  yellow  sulphide  is  turned  to  account  in 
testing  for  arsenic  ; if  a solution  prepared  by  boiling  white  arsenic  with  distilled 
water  be  mixed  with  a solution  of  hydrosulphuric  acid,  a bright  yellow  liquid  is 
produced,  which  looks  opaque  by  reflected,  but  transparent  by  transmitted,  light, 
and  may  be  passed  through  a filter  without  leaving  any  solid  matter  behind. 
This  solution  probably  contains  a soluble  colloidal  form  of  arsenious  sulphide  ; it 
is,  however,  rendered  insoluble  by  evaporation.  The  addition  of  a little  hydro- 
chloric acid,  or  of  sal-ammoniac,  and  many  other  neutral  salts  will  also  cause  a 
separation  of  the  sulphide  from  this  solution  ; even  the  addition  of  hard  water 
will  have  that  effect.  If  the  solution  of  arsenious  acid  be  acidified  with  hydro- 
chloric acid  before  adding  the  hydrosulphuric  acid,  the  bright  yellow  sulphide  is 
precipitated  at  once,  and  may  be  distinguished  from  any  other  similar  precipitate 
by  its  ready  solubility  in  solution  of  ammonium  carbonate. 

Arsenic  sulphide  (As2S5)  possesses  far  less  practical  importance  than  the  preced- 
ing sulphides  ; it  may  be  obtained  by  fusing  As2S3  with  sulphur,  when  it  forms  an 
orange-coloured  glass,  easily  fusible,  and  capable  of  being  sublimed  without 
change.  When  hydrosulphuric  acid  gas  is  passed  through  solution  of  arsenic 
acid,  a white  precipitate  of  sulphur  is  first  obtained,  the  hydrogen  reducing  the 
arsenic  acid  to  arsenious  acid  ; H3AsO.,  + H„S  = H;!As03  + H.,0  + S ; and  if  the  pas- 
sage of  the  gas  be  continued,  the  arsenious  acid  is  decomposed,  and  arsenious 
sulphide  is  precipitated  ; these  changes  are  much  accelerated  by  heat.  But  if  a 
solution  of  sodium  arsenate  be  saturated  with  hydrosulphuric  acid,  it  is  converted 
into  sodium  sulpharsenate.  On  adding  hydrochloric  acid  to  this  solution,  a bright 
yellow  precipitate  of  arsenic  sulphide  is  obtained. 

Cuprous  sulpharsenate,  or  Clarite  (Cu3AsS4),  is  found  in  the  Black  Forest. 
Arsenic  phosphide,  As„P,  is  obtained  by  fusing  phosphorus  under  solution  of 
arsenious  acid  and  treating  the  black  mass  with  carbon  disulphide,  which  dis- 
solves the  unaltered  phosphorus  and  leaves  a shining  black  powder.  The  presence 
of  this  body  in  phosphorus  caused  the  mistaken  belief  in  the  existence  of  a black 
variety  of  phosphorus. 

GENERAL  REVIEW  OF  THE  NON-METALLIC  ELEMENTS. 

178.  At  the  conclusion  of  the  history  of  the  non-metals,  it  may  be 
well  to  call  attention  to  the  points  of  resemblance  which  classify  them 
into  separate  groups  or  families,  most  of  which  are  connected,  by  some 
analogies,  with  one  or  more  members  of  the  class  of  metals. 

Hydrogen  stands  alone  among  the  non-metals,  its  chemical  properties 
-and  functions  being  widely  different  from  those  of  any  other  non-metal, 
but  connecting  it  very  closely  with  the  most  highly  electro-positive  (or 
■ basylous ) metals,  such  as  potassium  and  sodium. 

Oxygen,  Sulphur,  Selenium,  and  Tellurium  compose  a group  the 
members  of  which  (in  the  state  of  vapour)  combine  with  twice  their 
volume  of  hydrogen  to  form  compounds  which  (in  the  state  of  vapour) 
occupy  the  same  volume  as  the  hydrogen  occupied  before  combination. 
All  these  hydrogen-compounds  are  capable  of  playing  a feebly  acid  part, 
and  them  hydrogen  may  be  displaced  by  an  equivalent  weight  of  a metal 
to  produce  compounds  exhibiting  a general  agreement  in  chemical 
properties.  This  group  is  connected  with  the  metals  through  tellurium, 
not  only  by  its  physical  properties,  but  by  its  fox-ming  an  oxide  (TeO,), 
which  occasionally  acts  as  a weak  base. 

Nitrogen,  Phosphorus,  and  Arsenic  are  connected  together  by  the 
general  analogy  of  their  hydrogen  and  oxygen  compounds,  the  two  last 
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members  of  the  group  being  far  more  closely  connected  with  each  other 
than  with  nitrogen.  With  the  metals  they  are  connected  through 
arsenic,  the  hydrogen  compound  of  which  is  very  similar  in  properties, 
and  probably  in  composition,  to  antimonetted  hydrogen;  arsenious 
oxide  (As203)  is  also  capable  of  occupying  the  place  of  antimonious 
oxide  (Sb203)  in  certain  salts  of  that  oxide;  and  the  sulphides  of 
antimony  correspond  in  composition,  and  in  some  of  their  properties,  to 
those  of  arsenic.  One  form  of  arsenious  oxide  (the  prismatic)  is  iso- 
morphous  with  native  oxide  of  antimony,  and  this  oxide  may  be  obtained 
in  octahedra,  the  ordinary  form  of  arsenious  oxide,  so  that  these  oxides 
are  isoclimorphous. 

These  elements  are  also  connected  with  the  oxygen  group  through 
sulphur,  selenium,  and  tellui'ium,  the  relations  of  which  to  hydrogen 
and  the  metals  are  somewhat  similar  to  those  of  phosphorus  and  arsenic. 

Carbon , Boron,  and  Silicon  resemble  each  other  in  their  allotropic 
forms,  their  resistance  to  fusion  and  volatilisation,  and  their  forming 
feeble  acids.  To  the  metals  they  are  allied  through  silicon,  which  re- 
sembles tin  in  the  composition  and  character  of  its  oxide  and  chloride. 

This  group  is  connected  with  the  nitrogen  group  through  boron,  for 
boric  acid  resembles  arsenious  acid  in  its  relations  to  bases,  and  in 
forming  vitreous  compounds  with  the  alkalies.  In  certain  compounds 
boric  and  arsenious  oxides  are  interchangeable. 

Chlorine,  Bromine,  Iodine,  and  Fluorine  are  intimately  connected  by 
numerous  analogies,  which  have  been  already  pointed  out  (p.  184). 
Some  of  the  properties  of  iodine,  as  its  relations  to  oxygen,  and  the 
solubility  of  its  trichloride  in  water,  connect  it  slightly  with  the  metals, 
whilst  some  of  the  properties  of  the  fluorides  connect  this  group  with 
the  oxygen  group  of  non-metallic  elements. 

Atomicity  or  Valency — Quantivalence. 

179.  On  examining  the  composition  by  volume  of  hydrochloric  acid, 
water,  ammonia,  and  marsh  gas,  it  is  seen  that  equal  volumes  of  these 
compounds,  measured  in  the  gaseous  state  at  the  same  temperature  and 
pressure,  contain  respectively  1,  2,  3,  and  4 volumes  of  hydrogen. 

Thus  2 volumes  of  hydrochloric  acid  gas  contain  1 volume  of  chlorine  and 
1 volume  of  hydrogen. 

2 volumes  of  water  vapour  contain  1 volume  of  oxygen  and  2 volumes  of 
hydrogen. 

2 volumes  of  ammonia  contain  1 volume  of  nitrogen  and  3 volumes  of 
hydrogen. 

2 volumes  of  marsh  gas  contain  1 volume  (?)  of  imaginary  carbon  vapour 
and  4 volumes  of  hydrogen. 

In  the  case  of  the  marsh  gas,  it  has  been  already  explained  that  the  volume- 
occupied  by  a given  weight  of  carbon  vapour  cannot  be  ascertained  by  experi- 
ment, but  there  are  reasons  to  justify  the  assumption  that  12  parts  by  weight  of 
carbon  vapour  would  occupy  the  same  volume  as  1 part  by  weight  of  hydrogen. 
I11  the  other  cases,  the  above  statements  exhibit  the  direct  results  of  experiments 
previously  described. 

If  it  be  allowed  that  one  atom  of  each  element  occupies  one  volume, 
then  hydrochloric  acid,  water,  ammonia,  and  marsh  gas  will  contain 
for  one  atom  of  chlorine,  oxygen,  nitrogen,  and  carbon,  respectively,. 
1,2,3,  and  4 atoms  of  hydrogen,  or,  taking  the  symbol  for  each  element 
to  represent  one  atom — 
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Vols.  Weights. 


H=  1. 

H=i. 

Hydrochloric  acid 

= C1H 

= HC1 

= 2 = 

36-5 

Water 

= OHH 

= h2o 

= 2 == 

18  * 

Ammonia 

= NHHH 

= H3N 

= 2 = 

17 

Marsh  gas 

= CHHHH 

= h4c 

— 2 = 

16 

Since,  on  the  atomic  theory,  hydrogen  is  accepted  as  the  unit  of 
atomic  weight  and  volume,  it  appears  reasonable  to  fix  upon  it  as 
representing  the  unit  of  combining  power,  and  to  classify  the  elements 
according  to  the  tendency  of  their  atoms  to  imitate  the  combining 
power  of  one  or  more  atoms  of  hydrogen. 

By  the  atomicity  or  valency  of  an  element  is  meant  the  number 
expressing  the  hyclrogen-atoms  to  which  one  atom  (or  volume)  of  that 
element  is  usually  equivalent. 

Since  hydrochloric  acid,  water,  ammonia,  and  marsh  gas  are  the  most 
conspicuous  members  of  large  classes  of  chemical  compounds,  they  are 
often  referred  to  as  types, and  the  elements  chlorine,  oxygen, nitrogen, and 
carbon  are  taken  as  the  representatives  of  the  chief  classes  into  which 
the  elements  are  divided  according  to  their  combining  powers  or  valencies. 

One  of  the  atoms  of  H in  each  of  these  typical  molecules  may  be  exchanged 
for  another  elementary  atom,  usually  a metal ; thus  C1H  gives  CINa  ; OH„  gives 
OH.Na  ; NH3  gives  NH2.Na  ; CH4  gives  CH3.Na.  It  is  evident  that  the  groups 
OH,  NH2,  and  CH3  are  on  the  same  footing  as  the  elementary  atom  Cl  in  C1H, 
and  they  also  resemble  the  elementary  atom  in  being  unable  to  exist  in  the 
separate  state.  Bodies  of  this  kind  are  termed  radicals:  OH  is  the  radical 
liydroxyle,  NH„  is  the  radical  amidogen,  CH3  is  the  radical  metliyle.  A radical  is 
a group  capable  of  being  exchanged  for  an  element. 

Compounds  formed  upon  the  model  of  C1H,  in  which  PI  is  exchanged  for  a 
metal,  are  called  haloid  salts ; such  are  C1K  or  KC1,  KI,  (NH4)Br,  &c.  Evidently, 
if  a diad,  or  triad,  or  tetrad  metal  is  to  be  exchanged  for  the  H,  we  must  operate 
upon  2,  3,  or  4 molecules  of  the  C1PI  type.  Thus  upon  the  type  2HCI  or  PI2C1.„ 
we  have  CaCl2,  ZnCl,,  PbCL.  Upon  the  type  3HCI  or  H3C1:)  there  are  SbCl3, 
BiCh,  AuC13  ; and  on  the  type  4PICI  or  PI4C14,  are  PtCl,  and  SnCl4.  The  Cl  in  any 
of  these  compounds  may  be  replaced  by  Br,  I,  or  F. 

Compounds  formed  upon  the  model  of  OH2  or  OIP.H,  in  which  H is  replaced  by 
a metal,  are  called  hydrates;  for  example,  Oli.K  or  K.HO,  NaHO,  NH4.HO.  Here, 
again,  we  must  take  two  or  more  molecules  of  the  type  for  metals  which  are  not 
monad ; thus,  on  the  type  2H20  or  H.,(HO)2,  we  have  Ca(HO).„  Zn(HO)2,  Pb(HO), ; 
on  the  type  3H..0  or  H.,(HO)3,  there  are  Sb(HO)3  and  Bi(HO)3 ; and  on  the  type 
4H20  or  H4(HO)4,  Pt(HO)4  and  Sn(HO)4. 

When  the  whole  of  the  H in  the  water  has  been  exchanged  for  a metal,  the 
compound  is  a metallic  oxide;  thus,  on  the  type  H20,  are  K20,  Na„0,  Ag20,  CaO, 
ZnO,  PbO  ; on  the  type  2H20  or  H402,  are  Pt02  and  Sn02  ; and  on'the  type  3H,0 
or  H603,  are  Sb203  and  Bi203. 

When  these  metallic  oxides  are  capable  of  exchanging  atoms  with  HC1  or 
bodies  of  the  HC1  type,  so  as  to  form  corresponding  chlorides,  they  are  said  to  be 
basic  oxides  or  bases.  Thus,  Ag20  + 2HCI  = 2AgCl  + H.,0  ; CaO  + 2HCI  = CaCl2  + H„0  ; 
Sb203  + 6HC1  = 2SbCl3  + 3H,0  ; Pt02  + 4HCI  = PtCl4  + 2H20.  The  following  are  the 
most  important  bases  (inorganic) : — K.,0,  Na„0,  (NH.).,0~ ?,  Ag.,0,  Hg20,  Cu.,0,  BaO, 
SrO,  CaO,  MgO,  FeO,  MnO,  ZnO,  CoO,  NiO,  HgO,  CdO,  CuO,  PbO,  SnO,  A1203, 
Cr203,  Fe203,  Sb203,  Bi203. 

In  this  list  it  will  be  noticed  that  Hg,  Cu,  and  Fe  each  forms  two  bases,  viz., 
Hg20  and  HgO,  Cu20  and  CuO,  FeO  and  Fe203.  Each  of  these  forms  correspond- 
ing chlorides  and  other  haloid  salts  ; Hg2Cl2  and  HgCl2,  Cu2Cl2  and  CuCl2,  FeCl2 
and  Fe2Cl6 ; so  that  there  would  seem  to  be  monad  Hg  and  Cu  in  Hg20  and  Cu20, 
diad  Hg  and  Cu  in  HgO  and  CuO  ; diad  Fe  in  FeO  and  triad  Fe  in  Fe2Os.  In 
the  cases  of  Hg  and  Cu,  this  may  be  explained  by  the  union  of  single  atoms  of 
the  diad  metal  to  form  a diad  group  ; thus  Hg  would  be  diad  in  Cl — Hg — Cl,  but 
would  appear  as  if  monad  in  Cl — Hg — Hg — Cl.  In  the  case  of  Fe,  the  explana- 
tion is  not  so  simple  ; it  appears  that  there  must  be  a diad  form  of  the  metal  in 
Cl — Fe — Cl,  and  a tetrad  form  in  C13E  Fe — FeE  Cl„,  so  that  Fe2  would  be  hexad. 
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In  consequence  of  their  disposition  to  form  bases  with  oxygen,  the  metals  are 
often  spoken  of  as  basylous  radicals.  They  are  also  called  electro-positive  radicals 
because  they  are  attracted  to  the  negative  pole  of  the  battery.  On  the  other  hand, 
those  elements  which,  like  chlorine,  form  with  the  metals  compounds  of  the  NaCl 
type  are  called  chlorous  or  electro -negative  radicals. 

The  chief  chlorous  elements  are  F,  Cl,  Br,  I,  S,  O. 

The  following  elements  are  neither  decidedly  basylous  nor  decidedly  chlorous, 
sometimes  appearing  in  either  aspect ; As,  B,  C,  N,  P,  Si. 

The  molecules  of  all  the  chlorous  elements  are  capable  of  exchanging  one  of 
their  atoms  for  hydrogen : thus  FF  forms  HF,  C1C1  forms  HC1,  BrBr  forms  HBr, 
II  forms  HI,  SS  forms  H2S,  00  forms  H,0.  The  compounds  thus  formed  are 
able  to  exchange  their  H for  a metal,  thus  forming  the  fluorides,  chlorides, 
bromides,  iodides,  sulphides,  and  oxides,  and,  in  the  cases  of  H2S  and  H„0,  the 
hydrosulphides,  such  as  KHS,  and  the  hydroxides  or  hydrates  such  as  KHO. 

Again,  the  H of  molecules  of  the  HC1  type  may  be  exchanged  for  a compound 
radical : thus,  from  the  type  HC1  we  get  NO. Cl,  nitrosyle  chloride  ; N02.C1,  nitroxyle 
chloride ; P02.Cl,metaphosphoryle  chloride  ; SbO,.Cl,  antimonoxyle  chloride.  From 
the  type  H2C12  we  have  S02.C12,  sulphuryle  chloride  ; SO. CL,  thionyle  chloride ; 
CO. Cl,,  carbonyle  chloride ; CrO„.CL,  chromyle  chloride ; SnO.CL,  stannyle 
chloride.  From  H:lCi:i  we  get  P0.C13,  phosphoryle  chloride. 

The  chlorine  in  these  compounds  may  be  exchanged  for  hydroxyle,  HO,  when 
we  obtain  the  corresponding  acids — 


Chlorides. 

Acids. 

Chlorides. 

Acids. 

NO. Cl 

NO. OH 

nitrous 

CO.  Cl, 

CO(OH), 

carbonic 

N02.C1 

N02.0H 

nitric 

SnO.CL 

SnO(OH), 

stannic 

P0..C1 

po2‘.oh 

metaphosphoric 

P0.C1 

PO(OH)3' 

orthophosphoric 

SbtX.Cl 

Sb02.0H 

antimonic 

BC13 

B(OH)3 

boric 

SO. CL 

so(oh)„ 

sulphurous 

AsC13 

As(OH)3 

arsenious 

so2.cl 

so,' OH), 

sulphuric 

SiCl4 

Si(OH)4 

orthosilicic 

Cr02.C'b 

Cr02(0H)„ 

chromic 

CC14 

C(OH)4 

orthocarbonic 

The  hydrogen  contained  in  the  hydroxyle  present  in  these  acids  may  be  ex- 
changed for  a metal,  forming  a salt.  Thus  nitrous  acid  yields  potassium  nitrite, 
NO. OK;  nitric  acid  gives  the  nitrate  N02.0K;  sulphurous  acid  gives  potassium 
sulphite,  SO(OK),  ; sulphuric  acid,  the  sulphate  S02(0K), ; orthophosphoric  acid 
gives  potassium  orthophosphate,  PO(OK)3 ; and  orthosilicic  acid,  potassium  ortho- 
silicate, Si(OK)  ,.  Those  acids  which  contain  only  one  OH  group  are  monobasic  ; 
two,  dibasic;  three,  tribasic;  four,  tetrabasic. 

Normal  salts  are  those  in  which  all  the  Ii  of  the  hydroxyle  is  replaced  by  metal, 
as  in  the  potassium  salts  mentioned  above.  Acid  salts  have  only  part  of  the  H 
replaced  by  a metal,  as  in  hydropotassium  sulphite,  SO. OH. OK  ; hydropotassium 
carbonate,  CO. OH. OK  ; hydrodipotassium  phosphate,  PO(OH),.OK.  Basic  salts 
are  generally  composed  of  a normal  salt  and  a hydrate  of  the  metal,  as  in  basic 
bismuth  nitrate,  Bi(NOa)3.2Bi(OH)3 ; basic  cupric  carbonate,  CuC03.Cu(0H)2 ; 
and  basic  lead  carbonate,  2PbC03.Pb(0H)2.  Double  salts  are  those  in  which  the  H 
of  the  hydroxyle  has  been  exchanged  for  different  metals,  as  in  potassium-sodium 
carbonate,  CO.OK.ONa;  potassium-aluminium  sulphate  (alum),  (SO,)2.OK.03A1"'. 

Chemical  equivalents. — The  observation  of  the  reciprocal  action  between  acids 
and  alkalies  laid  the  foundation  of  quantitative  chemistry.  It  was  noticed  that 
1 12  grammes  of  KHO  neutralised  98  grammes  of  sulphuric  acid,  73  of  hydro- 
chloric, and  126  of  nitric  acid,  so  that  these  numbers  were  said  to  represent 
equivalent  quantities  of  the  three  acids.  Again,  98  grammes  of  H2S04  were 
found  to  neutralise  112  grammes  of  caustic  potash,  80  of  caustic  soda,  and  74  of 
slaked  lime,  so  that  1 12  of  potash  are  equivalent  to  80  of  soda  and  to  74  of  slaked 
lime.  From  experiments  of  this  kind,  Tables  of  Equivalents  were  constructed,  in 
order  to  show,  at  a glance,  how  much  of  any  alkaline  body  must  be  used  to  nerr- 
tralise  a given  quantity  of  any  acid  body,  or  the  reverse,  thus— 


Alkaline. 

Acid. 

Potash  , 

1 12 

Sulphuric  . 

. 98 

Soda 

80 

Hydrochloric 

• 73 

Lime 

74 

Nitric 

. 126 

By  means  of  a slide  rule  containing  the  equivalent  numbers,  calculation  is  often 
saved. 
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180.  The  definition  of  a metal  has  been  already  given  at  page  31,  as 
an  element  capable  of  forming  a base  by  union  with  oxygen.  It  will  also 
be  noticed  that  the  metals  are  but  little  disposed  to  form  combinations 
with  hydrogen ; but  that  they  evince  very  powerful  attraction  for  the 
chlorine  group  of  elements,  'with  which  they  form,  as  a rule,  compounds 
which  dissolve,  without  apparent  decomposition,  in  Avater. 


Classification  of  the  Metals. 


The  metals  may  be  divided  into  ten  classes  or  groups. 

I.  Potassium  group. — The  metals  of  this  group  are  distinguished  by 
their  property  of  forming  hydrates  Avhich  are  very  soluble  in  water  and 
very  strongly  alkaline.  Each  metal  of  this  group  forms  one  chloride, 
containing  one  atom  of  metal  and  one  atom  of  chlorine.  They  take  up 
oxygen  at  once  from  the  air,  and  their  chemical  energies  increase  with 
their  atomic  Aveights.  Their  salts  are  very  stable,  and  are  almost  all 
soluble  in  Avater. 


Atomic 

Weight. 

Lithium  ....  7 

Sodium  . . . -23 

Potassium  . . . .39.1 


Atomic 

Weight. 

Rubidium.  . . . 85.3 

Cajsium  . . . .133 


This  group  is  linked  to  the  next  by  lithium,  Avhich  forms  a spar- 
ingly soluble  carbonate  and  phosphate. 

II.  Calcium  group. — The  metals  of  this  group  form  hydrates  Avhich 
are  much  less  soluble  in  water  than  those  of  the  potassium  group,  but 
Avhich  are  also  strongly  alkaline.  Each  metal  of  this  group  forms  a 
chloride  containing  one  atom  of  the  metal  and  tAvo  atoms  of  chlorine. 

The  sulphates  of  the  metals  of  this  group  are  nearly  insoluble  in 
water.  The  chemical  energies  of  these  metals  also  increase  Avith  their 
atomic  weights. 


Calcium  . 
Strontium 
Barium 


Atomic  Weight. 
. 40 

■ 87.5 

• 137 


III.  Magnesium  group. — The  metals  of  this  group  also  form  one 
chloride,  containing  one  atom  of  metal  and  tAvo  atoms  of  chlorine  • but 
they  form  hydrates  which  are  not  soluble  in  water,  and  are  not  strongly 
alkaline.  These  metals  decompose  hydrochloric  acid  very  readily. 
Their  chemical  energies  decrease  Avith  the  rise  in  the  atomic  Aveight. 


Atomic 

AVeight 

Glucinum  ....  9.2  Zinc  . 

Magnesium ....  24.3  Cadmium 


Atomic 

AVeight. 

65-5 

112.3 
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In  the  cases  of  zinc  and  cadmium  it  has  been  proved  that  the  atomic 
weight  of  the  metal  occupies  two  volumes  in  the  state  of  vapour,  so 
that  the  molecular  weight  is  the  same  as  the  atomic  weight,  and  it  is 
believed  that  this  is  also  the  case  with  beryllium  (or  glucinum)  and 
magnesium. 

IV.  Aluminium  group. — The  metals  of  this  group  are  dissolved  by 
HC1,  forming  chlorides  containing  two  atoms  of  metal  and  six  atoms  of 
chlorine.  Each  metal  also  forms  one  oxide,  which  is  a weak  base,  and 
contains  two  atoms  of  the  metal  and  three  atoms  of  oxygen.  Them 
hydrates  form  gelatinous  precipitates,  which  are  soluble  either  in  alkalies 
or  in  their  carbonates.  Their  sulphates  form  alums  with  the  sulphates 
of  monad  metals.  The  metals  enclosed  in  parentheses  have  been  but 
little  studied,  and  it  is  doubtful  whether  their  chlorides  and  oxides  are 
composed  as  above  stated,  though  their  general  characters  appear  to 
give  them  a place  in  this  group. 


Aluminium 
(Yttrium  . 
Gallium  . 
(Zirconium 
(Erbium  . 


Atomic 

Weight. 

Atomic 

Weight. 

27 

Indium 

- US-4 

89.8) 

Lanthanium 

• 139 

68.8 

Didymium 

. 144.8 

90) 

165.9) 

(Thorium 

• 232) 

V.  Iron  group. — The  metals  of  this  group  are  capable  of  forming 
compounds  of  two  classes  in  which  the  metals  are,  respectively,  diad 
and  triad ; they  also  form  two  compounds  with  oxygen,  one  of  which 
contains  single  atoms  of  the  metal  and  oxygen,  and  is  a pretty  strong 
base  ; the  other  contains  two  atoms  of  metal  combined  with  three  atoms 
of  oxygen,  and  behaves  to  acids  either  as  a weak  base  or  as  an  indifferent 
oxide.  (Cerium  will  be  found  to  present  an  exception  in  the  composition 
of  its  oxides.)  The  metals  dissolve  in  ITC1,  forming  dichlorides.  Their 
compounds  (excepting  those  of  cerium)  are  remarkable  for  their  strong 
colours. 


Atomic 
W eight. 


Atomic 

Weight. 


Iron -56 

Cobalt 59 

Nickel 59 


Uranium  . . . .120 

(Cerium  ....  i4°-5) 


VI.  Manganese  group. — The  metals  of  this  group  differ  from  those  of 
the  preceding  groups  by  forming  well-defined  salts  in  which  the  metal 
enters  into  the  composition  of  the  acid  radical  (viz.,  chromates,  man- 
ganates,  vanadates,  molybdates).  From  the  groups  which  follow,  this 
group  is  distinguished  by  forming  at  least  two  chlorides,  containing  metal 
and  chlorine  in  the  atomic  ratios  of  1 : 2 and  1 : 3 respectively.  Some 
of  their  compounds  are  remarkable  for  their  strong  colours. 


Atomic 

Weight. 


Atomic 

Weight. 


Vanadium  . 
Chromium  . 


51.3  Manganese  . . . -55 

52.5  Molybdenum  . . .96 


VII.  Antimony  group. — The  two  members  of  this  group  are  brittle 
metals,'  the  chlorides  of  which  are  easily  decomposed  by  water. 

Atomic  Weight. 


. 120 
. 20S 


Antimony 
Bismuth  . 
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VIII.  Tin  group. — Each  of  the  metals  of  this  group  forms  a com- 
pound with  two*  atoms  of  oxygen  which  is  insoluble  in  acids  but  dissolves 
in  the  alkalies,  forming  salts. 

Atomic  Atomic 

Weight.  Weight. 


Titanium 
Niobium 
Tin  . 


48  Tantalum  . . . .182 

94  Tungsten  . . . .184 

11S 


Titanium  and  tin  are  very  closely  related  to  silicon. 

IX.  Silver  group. — The  metals  of  this  group  are  capable  of  forming 
an  insoluble  chloride. 


Atomic 

Weight. 

Copper  . . . .63.5 

Silver  . . . .108 

Mercury  ....  200 


Atom  c 
Weig  t. 

Thallium  ....  204 

Lead 207 


X.  Platinum  group. — The  metals  of  this  group  form  chlorides  which 
combine  with  the  chlorides  of  the  metals  of  Group  I.  to  form  easily 
crystallised  double  salts.  These  metals  are  all  rare  and  costly. 


Rhodium  . 
Ruthenium 
Palladium  . 
Gold  . 


Atomic 

Weight. 

Atomic 

Weight. 

IO4.3 

Platinum  . 

• I97-I 

104.2 

Iridium 

. 

• 192.5 

1057 

196.8 

Osmium  . 

. 200 

Periodic  law  of  the  chemical  elements  (. Newlands ’ and  Mendelejeff’s 
law). — When  there  is  a great  resemblance  between  the  members  of  a 
group  of  elements,  there  is  generally  a certain  regularity  in  the  increase 
of  their  atomic  weights,  so  that  each  group  shows  indications  of  an  arith- 
metical progression. 

If  a list  of  the  elements  be  drawn  up  in  the  order  of  their  atomic 
weights,  the  first  seven  (after  hydrogen)  will  be  found  to  be  representa- 
tive of  different  groups;  thus,  lithium  (at.  wt.  7)  represents  the  group 
which  forms  oxides  of  the  formula  lt20 ; glucinum  or  beryllium  (at.  wt.  9) 
represents  the  group  forming  oxides  of  the  formula  HO ; boron 
(at.  wt.  11),  the  group  forming  the  oxides  H.,03;  carbon  (at.  wt.  12), 
the  group  which  forms  oxides  of  the  formula  B02;  nitrogen  (at.  wt.  14) 
represents  the  group  forming  oxides  R,03  and  hydrides  EH3 ; oxygen 
(at.  wt.  16),  the  group  forming  oxides  Ii03  and  hydrides  IiH,;  and 
fluorine  (at.  wt.  19),  the  group  forming  oxides  B,0_  and  hydrides  RH. 

Let  each  of  these  seven  elements  head  a column,  and  arrange  the 
rest  of  the  elements  under  them  in  the  order  of  their  atomic  weights. 
They  will  be  found  to  approximate  to  a series  with  periodically  recurring 
changes  in  the  chemical  and  physical  functions  of  its  members. 

By  observing  the  gaps  which  exist  in  this  series,  Mendelejeff  endeavours 
to  predict  the  properties  of  elements  which  have  yet  to  be  discovered, 
and  did  indeed  foretell,  with  considerable  precision,  the  properties  of 
gallium,  in  anticipation  of  its  discovery. 

The  following  table  illustrates  this  periodic  law ; the  elements  being 
divided  into  7 groups  according  to  the  formula?  of  their  oxides  or  hydrides, 
as  given  at  the  head  of  each  column,  and  into  7 series,  in  the  order  of 
their  increasing  atomic  weights  : — 


* Except  in  the  case  of  tungsten. 


2 5 2 


LAW  OF  NEWLANDS  AND  MENDELEJEFF. 


Group 

1 

2 

3 

4 

5 

6 

7 

Series. 

R.,0 

RO 

FgGg 

R02 

RHg 

R203 

rh2 

ro; 

RH 

R207 

1 

Li  7 

G 9 

B 11 

C 12 

N 

14 

0 16 

F 19 

2 

Na  23 

Mg  24 

A1  27 

Si  28 

P 

3i 

S 32 

Cl  35 

3 

K 39 

Ca  40 

Sc  44 

Ti  48 

V 

5i 

Cr  52 

Mn  55 

4 

Cu  63 

Zn  65 

Ga  70 

Ge  72 

As 

75 

Se  78 

Br  80  1 

5 

Rb  85 

Sr  87 

Y 89 

Zr  90 

Nb 

94 

Mo  96 

6 

Ag  108 

Cel  1 12 

Iu  113 

Sn  1 18 

Sb  122 

Te  128 

I 127 

7 

Cs  133 

Ba  137 

La  139 

Ce  141 

Di 

145 

Sm 

... 

The  blanks  in  such  a table  indicate  where  new  elements  may  be 
expected.  Thus,  the  5th  member  of  group  7 is  as  yet  unknown,  and 
its  properties  must  be  similar  to  those  of  bromine  and  iodine. 

This  periodic  classification  of  the  elements  bears  some  resemblance  to 
the  classification  of  organic  compounds  in  homologous  series. 

POTASSIUM. 

£'=39.1  parts  by  weight. 

1 8 1 . Potassium  is  found  in  abundance,  as  potassium  chloride,  in  certain 
salt-mines  (see  below),  and  it  is  contained  in  granite,  of  which  it  forms 
about  5 or  6 per  cent.  The  hi  dispensable  alkali,  potash,  appears  to  have 
been  originally  derived  from  the  granitic  rocks,  where  it  exists,  in  combina- 
tion with  silica  and  alumina,  in  the  well-known  minerals  felspar  and  mica. 
These  rocks  having,  in  course  of  time,  disintegrated  to  form  soils  for  the 
support  of  plants,  the  potash  has  been  converted  into  a soluble  state, 
and  has  passed  into  the  plants  as  a necessary  portion  of  then*  food. 

In  the  plant,  the  potash  is  found  to  have  entered  into  various  forms 
of  combination;  thus,  most  plants  contain  sulphate  and  chloride  of 
potassium  ; but  the  greater  portion  of  the  potassium  exists  in  the  form 
of  salts  of  certain  vegetable  acids  formed  in  the  plant,  and  when  the 
latter  is  burnt,  these  salts  are  decomposed  by  the  heat,  leaving  the 
potassium  in  the  form  of  carbonate. 

Potassium  carbonate , or  carbonate  of  potash,  KaCOg. — When  the  ashes 
of  plants  are  treated  with  water,  the  salts  of  potassium  are  dissolved, 
those  of  calcium  and  magnesium  being  left.  On  separating  the  aqueous 
solution  and  evaporating  it  to  a certain  point,  a great  deal  of  the 
potassium  sulphate,  being  much  less  soluble,  is  deposited,  and  the 
carbonate  remains  in  the  solution  ; this  is  evaporated  to  dryness,  when 
the  carbonate  is  left,  mixed  with  much  potassium  chloride,  and  some 
sulphate  3 this  mixture  constitutes  the  substances  imported  from  America 
and  other  countries  where  wood  is  abundant,  under  the  name  of  potashes , 
which  are  much  in  demand  for  the  manufacture  of  soap  and  glass. 
When  further  purified,  these  are  sold  under  the  name  of  pearl-ash,  but 
this  is  still  far  from  being  pure  potassium  carbonate. 

During  the  fermentation  of  the  grape-juice,  in  the  preparation  of 
wine,  a hard  crystalline  substance  is  deposited,  which  is  known  in  com- 
merce by  the  name  of  argol,  or,  when  purified,  as  cream  of  tartar.  The 
chemical  name  of  this  salt  is  bitartrate  of  potash  or  hydropotassium 
tartrate,  for  it  is  derived  from  potash,  and  tartaric  acid,  a vegetable  acid 
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having  the  composition  H2C4H406.  When  this  salt  (KHC4H406)  is 
heated,  it  leaves  potassium  carbonate  mixed  with  carbon;  but  if  the 
heat  be  continued,  and  free  access  of  air  permitted,  the  carbon  will  be 
entirely  burnt  away,  and  potassium  carbonate  will  be  left  (salt  of  tartar). 

In  wine-producing  countries  potassium  carbonate  is  prepared  from 
the  refuse  yeast  which  rises  during  the  fermentation,  and  is  dried  in 
the  sun  in  order  to  be  subsequently  incinerated. 

The  fleeces  of  sheep  contain  a considerable  proportion  of  a salt  of 
potassium  with  an  animal  acid ; when  the  fleece  is  washed  with  water, 
this  salt  is  dissolved  out,  and  on  evaporating  the  liquid  and  burning  the 
residue  it  is  converted  into  potassium  carbonate. 

Potassium  carbonate  is  also  made  from  potassium  sulphate  by  a pro- 
cess similar  to  that  by  which  sodium  sulphate  is  converted  into  carbonate 
(183).  Potassium  chloride  is  converted  into  potassium  carbonate  by 
decomposing  it  with  the  carbonate  of  trimethylamine  (see  Trimethyl- 
amine). 

Potassium  carbonate  is  deliquescent  and  very  soluble  in  water,  yield- 
ing a strongly  alkaline  solution.  It  may  be  crystallised  in  prisms  of  the 
formula  2K„C03.3H,0,  which  become  K„C03.H20  at  ioo°  C.  It  is  in- 
soluble in  alcohol. 

Bicarbonate  of  potash  or  hydropotassium  carbonate,  KHC03,  often 
sold  as  the  carbonate  and  used  in  medicine,  is  made  by  saturating  moist 
K2C03  with  CO„,  or  by  passing  CO„  through  a strong  solution  of  Iv2C03 
(in  three  parts  of  water).  It  forms  prismatic  crystals  which  are  much 
less  alkaline  and  less  soluble  in  water  (30.4  per  cent,  at  150  C.)  than  the 
normal  carbonate,  into  which  they  are  converted  by  heat ; 2KHC03  = 
K2C03  + H20  + COQ.  The  aqueous  solution  of  KHC03  gradually  loses 
CO,  when  boiled. 

Hydrate  of  potash,  or  potassium  hydrate,  KTIO. — Potassium  carbon- 
ate was  formerly  called  potash,  and  was  supposed  to  be  an  elementary 
substance.  It  was  known  that  its  alkaline  qualities  were  rendered  far 
more  powerful  by  treating  it  with  lime,  which  caused  it  to  be  termed 
mild  alkali,  in  order  to  distinguish  it  from  the  caustic  * alkali  obtained 
by  means  of  lime,  and  possessed  of  very  powerful  corrosive  properties. 
Lime,  it  was  said,  is  derived  from  limestone  by  the  action  of  fire,  and 
therefore  owes  its  peculiar  properties  to  the  acquisition  of  a certain 
amount  of  the  matter  of  fire,  which,  in  turn,  it  imparts  to  the  mild 
alkali,  and  thus  confers  upon  it  a caustic  or  burning  power. 

Black’s  researches  in  the  middle  of  the  eighteenth  century,  which  are 
often  referred  to  as  models  of  inductive  reasoning,  exposed  the  fallacy  of 
this  explanation,  and  proved  that  instead  of  acquiring  anything  from 
the  fire,  the  limestone  actually  lost  carbonic  acid  gas,  and  instead  of 
imparting  anything  to  the  mild  alkali,  the  lime  really  gained  as  much 
carbonic  acid  as  it  previously  lost. 

The  caustic  potash,  so  largely  employed  by  the  soap-maker,  is  obtained 
by  adding  slaked  lime  to  a boiling  diluted  solution  of  the  potassium 
carbonate,  when  calcium  carbonate  is  deposited  at  the  bottom  of  the 
vessel,  whilst  p>otassium  hydrate  remains  in  the  clear  solution — 

K2C03  + Ca(HO),  = CaCOB  + 2KHO 

Potassium  Calcium  Calcium  Potassium 

carbonate.  hydrate.  carbonate.  hydrate. 

* From  KaCu,  to  burn. 
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If  the  solution  be  too  strong,  the  lime  will  not  decompose  the  car- 
bonate. 

When  the  solution  is  evaporated,  the  potassium  hydrate  remains  as  a 
clear  oily  liquid,  which  solidifies  to  a white  mass  as  it  cools,  and  forms 
the  fused  potash  of  commerce,  which  is  often  cast  into  cylindrical  sticks 
for  more  convenient  use.*  Potassium  hydrate  is  vaporised  at  high 
temperatures  without  decomposition.  It  readily  absorbs  water  and 
C02  from  the  air.  Half  its  weight  of  water  suffices  to  dissolve  it,  with 
great  evolution  of  heat.  A strong  solution  deposits  crystals  of  KH0.2Aq. 
Alcohol  dissolves  it  easily.  In  the  laboratory,  KHO  is  prepared  by 
dissolving  x lb.  (or  500  grms.)  of  K2C03  in  a gallon  (or  5 litres)  of 
distilled  water,  boiling  the  solution  in  a clean  iron  or  nickel  pan,  and 
gradually  stirring  in  12  oz.  (or  380  grms.)  of  slaked  lime  mixed  with  water 
to  a thin  cream.  After  boiling  and  stirring  for  ten  minutes,  the  vessel 
is  covered  and  allowed  to  cool,  when  the  CaC03  will  have  subsided,  and 
the  clear  liquid  may  be  drawn  off  with  a siphon,  and  boiled  down  in  an 
iron  or  nickel  or  silver  basin  till  all  ebullition  ceases,  and  an  oily  liquid 
remains  which  solidifies  on  cooling.  The  potassium  hydrate  is  the  most 
powerful  alkaline  substance  in  ordinary  use,  and  is  very  frequently 
employed  by  the  chemist.  It  is  generally  used  in  the  state  of  solution, 
the  strength  of  which  is  inferred  from  its  specific  gravity,  which  ih- 
creases  with  the  amount  of  potash  contained  in  the  solution. 

Potassium. — Of  the  composition  of  potassium  hydrate  nothing  was 
known  till  the  year  1807,  when  Davy  succeeded  in  decomposing  it  by 
the  galvanic  battery ; this  experiment,  which  deserves  particular  notice, 
as  being  the  first  of  a seines  resulting  in  the  discovery  of  so  many 
important  metals,  was  made  in  the  following  manner  : — A fragment  of 
potassium  hydrate,  which,  in  its  dry  state,  does  not  conduct  electricity, 
was  allowed  to  become  slightly  moist  by  exposure  to  the  air,  and  placed 
upon  a plate  of  platinum  attached  to  the  copper  end  of  a very  powei’ful 
galvanic  battery  ; when  the  wire  connected  with  the  zinc  end  was  made 
to  touch  the  surface  of  the  hydrate,  some  small  metallic  globules 
resembling  mercury  made  their  appearance  at  the  extremity  of  this 
(negative)  wire,  at  which  the  hydrogen  contained  in  the  hydrate  was 
also  eliminated,  whilst  bubbles  of  oxygen  were  separated  on  the  surface 
of  the  platinum  plate  connected  with  the  positive  wire  (see  p.  11).  By 
allowing  the  negative  wire  to  dip  into  a little  mercury  contained  in  a 
cavity  upon  the  surface  of  the  potash,  a combination  of  potassium  with 
mercury  was  obtained,  and  the  mercury  was  afterwards  separated  by 
distillation.  This  process,  however,  furnished  the  metal  in  very  small 
quantities,  and,  though  it  was  obtained  with  greater  facility  a year  or 
two  afterwards  by  decomposing  potassium  hydrate  with  white-hot  ii’on, 
some  years  elapsed  before  any  considerable  quantity  of  potassium  was 
prepared  by  the  present  method  of  distilling  in  an  iron  retort  an  intimate 
mixture  of  potassium  carbonate  and  carbon,  obtained  by  calcining  cream 
of  tartar : in  this  process  the  oxygen  of  the  carbonate  is  removed  by 
the  carbon  in  the  form  of  carbonic  oxide  (K,C03  + C,  = K,  + 3CO). 

Fig.  223  represents  the  iron  retort  connected  with  its  copper  receiver,  sur- 
rounded with  cold  water,  and  containing  petroleum  to  protect  [the  distilled 
potassium  from  oxidation.  The  lateral  tube  of  the  receiver  permits  the  tube  of 

* These  have  sometimes  a greenish  colour,  due  to  the  presence  of  some  potassium 
manganate. 
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the  retort  to  be  cleared,  if  necessary,  during  the  distillation,  by  the  passage 
of  an  iron  rod. 


Some  of  the  most  strik- 
ing properties  of  this  metal 
have  already  been  referred 
to  (p.  13);  its  softness, 
causing  it  to  be  easily  cut 
like  wax,  the  rapidity  with 
which  its  silvery  surface 
tarnishes  when  exposed  to 
the  air,  its  great  lightness 
(sp.  gr.  0.865),  causing  it  to 
float  upon  water,  and  its 
taking  fire  when  in  contact 
with  that  liquid,  sufficiently 
distinguish  it  from  other 
metals.  It  fuses  at  62°.  5 C. 
and  boils  at  a low  red  heat, 
yielding  a green  vapour ; 
if  air  be  present,  it  burns 
with  a violet-coloured  flame, 
and  is  converted  into  an-  Fig.  223. — Preparation  of  potassium. 

hydrous  potash,  or  di-potassium  oxide  (K.,0). 

The  property  of  burning  with  this  peculiar  violet-coloured  flame  is 
characteristic  of  potassium,  and  allows  it  to  be  recognised  in  its 
compounds. 

If  a solution  of  potassium  nitrate  (saltpetre)  in  water  be  mixed  with  enough 
spirit  of  wine  to  allow  of  its  being  inflamed,  the  flame  will  have  a peculiar  lilac 
colour.  This  colour  may  also  be  developed  by  exposing  a very  minute  particle  of 


Fig.  224. — Coloured  flame  test. 


saltpetre,  taken  on  the  end  of  a heated  platinum  wire,  to  the  reducing  (inner) 
blowpipe  flame  (fig.  224),  ;when  the  potassium,  being  reduced  to  the  metallic 
state  and  passing  into  the  oxidising  (outer)  flame  in  the  state  of  vapour,  imparts 
to  that  flame  a lilac  tinge. 

The  difficulty  and  expense  attending  the  preparation  of  potassium 
have  prevented  its  receiving  any  application  except  in  purely  chemical 
operations,  where  its  attraction  for  oxygen,  chlorine,  and  other  electro- 
negative elements  is  often  turned  to  account. 

Potassium  hydride,  K„H,  is  formed  when  potassium  is  heated  in 
hydrogen  to  about  350°  0.  It  forms  a silvery  brittle  mass,  which  takes 
hre  in  air  and  is  decomposed  in  a vacuum  at  200°  0. 
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Di-potassium  oxide,  K20,  is  formed  when  IvHO  is  heated  with  potas- 
sium, hydrogen  being  expelled. 

Di-potassium  tetroxide,  K,04,  is  a yellow  powder  formed  when  potas- 
sium is  heated  in  oxygen. 

Di-potassium  dioxide,  corresponding  to  hydric  peroxide,  is  formed 
when  K,0,  is  dissolved  in  water,  oxygen  being  disengaged.  This  oxide 
appears  to  be  the  source  of  the  bubbles  of  oxygen  sometimes  evolved 
when  the  commercial  potassium  hydrate  is  dissolved  in  water. 

Potassium  chloride  (KOI)  is  an  important  natural  source  of  this  metal, 
being  extracted  from  sea  water,  from  kelp  (the  ash  of  sea-weed),  and 
from  the  refuse  of  the  manufacture  of  sugar  from  beet-root.  It  also 
occurs  in  combination  with  magnesium  chloride,  forming  the  mineral 
known  as  carnallite  (KCl.MgCl2.6TI20),  an  immense  saline  deposit  over- 
lying  the  rock-salt  in  the  salt-mines  of  Stassfurt,  in  Saxony.  Carnallite 
resembles  rock-salt  in  appearance,  but  is  very  deliquescent ; it  promises 
to  become  the  most  important  source  of  potassium  hitherto  discovered. 
Considerable  deposits  containing  chloride  and  sulphate  of  potassium  have 
also  been  found  in  East  Galicia.  Potassium  chloride  crystallises  in  cubes ; 
it  is  very  soluble  in  water  and  insoluble  in  alcohol. 

Potassium  chlorate,  KC103,  is  prepared  as  described  at  page  162.  It 
crystallises  in  four-sided  tables,  which  dissolve  in  1 6 parts  of  cold  and 
2 parts  of  boiling  water.  It  fuses  at  3340  C.,  and  is  decomposed  at  3520, 
when  it  gives  off  oxygen,  and  leaves,  at  first,  a mixture  of  chloride  and 
perchlorate,  and  lastly  chloride  only ; 2KCIO3  = KC104  + KC1  + 02.  Its 
action  on  combustible  bodies  and  consequent  useful  applications  have 
been  described  at  page  163. 

Potassium  perchlorate,  KC104,  is  remarkable  for  its  sparing  solubility, 
for  it  requires  70  parts  of  cold  water  to  dissolve  it.  It  is  prepared  by 
heating  KC103  until  1 2 grammes  have  evolved  a litre  of  oxygen,  as 
shown  in  the  above  equation ; the  mass  is  boiled  with  just  enough  water 
to  dissolve  it,  and  the  solution,  on  cooling,  deposits  crystals  of  KC104, 
leaving  the  KC1  in  solution.  The  perchlorate  is  decomposed  at  400°  C. 
into  KC1  and  04. 

Potassium  bromide,  IvBr,  forms  cubical  crystals  very  soluble  in  water. 

Potassium  iodide,  KI,  is  prepared  by  adding  iodine  in  small  quantities 
to  solution  of  potash  till  it  is  coloured  slightly  brown,  when  a mixture  of 
potassium  iodide  and  iodate  is  obtained;  6KHO  + I6  = KI03+ 5KI  + 
3H.0.  The  solution  is  evaporated  to  dryness,  the  residue  mixed  with 
one-tenth  of  its  weight  of  powdered  charcoal,  thrown  in  small  quantities 
into  a red-hot  iron  crucible  and  fused;  KI03  + C3  = KI  + 3CO.  The 
fused  mass  is  dissolved  in  hot  water,  filtered,  evaporated  till  a film 
appears  upon  the  surface,  and  set  aside  to  crystallise. 

Potassium  iodide  forms  cubical  crystals  very  soluble  in  water,  but 
sparingly  soluble  in  alcohol.  It  is  of  the  greatest  importance  in  medicine, 
in  chemical  analysis,  and  in  photography. 

Potassium  tri-iodide,  KI3,  obtained  by  saturating  potassium  iodide 
with  iodine  and  evaporating  over  sulphuric  acid,  forms  dark  brown 
needles  with  a metallic  lustre,  very  deliquescent,  and  easily  decomposed 
into  KI  and  I2. 

Potassium  iodate,  KI03,  is  useful  in  testing  for  S02,  and  may  be  pre- 
pared for  that  purpose  by  mixing  50  grains  of  iodine  with  an  equal 
weight  of  potassium  chlorate  in  fine  powder,  adding,  111  a flask,  about 
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half  a measured  ounce  of  nitric  acid,  and  digesting  till  the  colour 
disappears.  The  liquid  is  then  boiled  for  a minute,  poured  into  a dish, 
evaporated  to  dryness,  and  moderately  heated,  when  it  leaves  a mixture  of 
potassium  iodate  and  a little  potassium  chloride  which  may  be  dissolved 
in  water.  S02  at  once  liberates  iodine  from  it,  which  gives  a blue  colour 
to  starch. 

Potassi.um  fluoride,  IvF,  is  prepared  by  neutralising  FIF  with  K2C03. 
Crystallised  by  slow  evaporation  of  a cold  solution,  it  gives  KF.2H20, 
but  above  350  C.  it  yields  cubes  of  KF.  It  is  deliquescent  and  easily 
soluble ; the  solution  corrodes  glass.  It  combines  with  HF,  forming 
KF.HF,  which  is  employed  for  the  preparation  of  pure  HF. 

Sulphides  of  potassium,  K . S,  K2S2,  K2S3,  K2S4,  K,S5,  K2S7. 
Di-potassium  sulphide,  K2S,  is  obtained  as  a red  crystalline  mass  by 
heating  K2S04  in  hydrogen.  It  exists  in  the  residue  left  by  the  explosion 
of  gunpowder.  Water  decomposes  it,  so  that  it  smells  of  H,S  when 
exposed  to  moist  air. 

Solution  of  K2S  is  prepared  by  saturating  solution  of  KHO  with  H„S, 
and  adding  another  equal  quantity  of  KHO.  In  the  first  operation 
KHS  is  formed,  which  is  converted  into  K„S  on  adding  KHO.  From 
the  solution,  crystals  of  K2S.5Ho0  may  be  obtained. 

Potassium  hydrosidpliide,  KHS,  may  be  formed  by  displacing  half 
the  H in  H,S  by  K,  or  by  heating  K.,C03  to  redness  in  H„S ; K„C03  + 
2H,S  = 2KHS  + H20  + C02.  It  is  a yellow  solid,  very  soluble  in  water, 
and  crystallising  as  2KHS.H20.  When  exposed  to  air,  the  solution  be- 
comes yellow,  from  the  formation  of  di-potassium  disulphide  ; 2 KHS  + 0 
- K2S2  + H20.  On  longer  exposure,  the  solution  becomes  colourless, 
potassium  thiosulphate  being  formed  ; K2S,  + 03  = K,S„03. 

Potassium  sulphate,  K.,S04,  is  found  in  certain  salt-mines,  in  the 
mineral  Kainite,  K2S04.MgS04.MgCl,.6Aq.  This  is  decomposed  by  boil- 
ing water,  and  the  K2S04  crystallises  on  cooling  in  rhombic  prisms 
which  are  rather  sparingly  soluble  in  cold  water  (10  parts),  but  easily 
in  boiling  water  (4  parts).  It  is  also  obtained  as  a by-product  in  some 
chemical  manufactures,  and  is  used  in  making  alum. 

Bisulphate  of  potash,  or  hydropotassium  sulphate,  IvHS04,  is  obtained 
as  the  residue  in  the  preparation  of  nitric  acid  from  saltpetre.  It  is 
more  fusible  and  more  soluble  in  water  than  the  normal  sulphate.  Its 
solution  is  strongly  acid.  Much  water  decomposes  it  into  sulphuric 
acid  and  K2S04.  When  heated,  it  undergoes  decomposition  in  two 

/< r)  2KHS04  = H,0  + K,S,0?  (pyrosidphate) ; (2)  K„S207  = 
Jv,c>U4  + b(_)3. 

The  bisulphate  is  very  useful  in  chemical  operations  for  decomposing 
minerals  at  high  temperatures,  its  hydrogen  easily  giving  place  to 
metals. 

7 otassium  nitrate  (KlSTOg),  or  saltpetre,  will  be  specially  considered  in 
the  section  on  gunpowder. 

It  is  found  in  the  soil  of  India  and  other  hot  climates  in  the  dry 
season,  and  is  also  made  by  decomposing  sodium  nitrate  with  potassium 
c loride.  It  forms  characteristic  six-sided  prismatic  crystals  which  fuse 
a.^  339  C-;  and  are  decomposed  at  a strong  red  heat,  leaving,  first,  potas- 
sium nitrite,  KN02,  and  at  last  K20  mixed  with  K202.  The  fused  salt 
a aeks  all  oxidisable  bodies,  and  the  K.,0  attacks  siliceous  bodies, 
so  t lat  it  is  difficult  to  find  a vessel  capable  of  resisting  it  at  a high 
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temperature.  Platinum  gives  way,  but  gold  is  less  corroded.  . Isitre  is 
soluble  in  four  times  its  weight  of  cold  water  and  in  one-third  of  its 
weight  of  hot  water.  It  is  insoluble  in  alcohol. 

SODIUM. 

Na'  = 23  parts  by  weight. 

182.  Sodium  is  often  found,  in  place  of  potassium,  in  the  felspars  and 
other  minerals,  but  we  are  far  more  abundantly  supplied  with  it  in  the 
form  of  common  salt  (sodium  chloride,  NaCl),  occurring  not  only  in  the 
solid  state,  but  dissolved  in  sea  water,  and  in  smaller  quantity  m the 
waters  derived  from  most  lakes,  rivers,  and  springs.  _ . 

Rock-salt  forms  very  considerable  deposits  in  many  regions  ■ in  this 
country  the  most  important  is  situated  at  Northwich,  in  Cheshire,  where 
very  large  quantities  are  extracted  by  mining.  Wielitzka,  in  Poland,  is 
celebrated  for  an  extensive  salt-mine,  in  which  there  are  a chapel  and 
dwelling-rooms,  the  furniture  of  which  is  made  of  this  rock.  Extensive 
beds  of  rock-salt  also  occur  in  France,  Germany,  Hungary  Spam  Abys- 
sinia, and  Mexico.  Perfectly  pure  specimens  form  beautiful  colourless 
cubes  and  are  styled  sal  gemme  ; but  ordinary  rock-salt  is  only  partially 
transparent,  and  exhibits  a rusty  colour,  due  to  the  presence  of  iron  Ib 
some  places  the  salt  is  extracted  by  boring  a hole  into  the  rock  and  filling 
it  with  water,  which  is  pumped  up  when  saturated  with  salt,  and  evapo- 
rated in  boilers,  the  minute  crystals  of  salt  being  removed  as  they  are 

deposited^itwich,  Worcestershire,  the  salt  is  obtained  by  evaporation 
from  the  waters  of  certain  salt  springs.  In  some  parts  of  France  and 
Germany  the  water  from  the  salt  springs  contains  so  little  salt  that  it 
would  not  pay  for  the  fuel  necessary  to  evaporate  the  water,  and  a % ery 
ingenious  plan  is  adopted  by  which  the  proportion  of  water  is  greatly 
reduced  without  the  application  of  artificial  heat  For  this  purpose  a 
lofty  scaffolding  is  erected  and  filled  with  bundles  of  brushwood,  o\ei 
which  the  salt  water  is  allowed  to  flow,  having  been  raised  to  the  top 
of  the  scaffolding  by  pumps.  In  trickling  over  the  brushwood  this  water 
exposes  a large  surface  to  the  action  of  the  wind  and  a considerable 
evaporation  takes  place,  so  that  a much  stronger  brine  is  collected  in 
the  reservoir  beneath  the  scaffolding ; by  several  repetitions  of  the  opera- 
tion the  proportion  of  water  is  so  far  diminished  that  the  rest  may  be 
economically  evaporated  by  artificial  heat.  The  brine  is  run  into  boilers 
and  rapidly^ boiled  for  about  thirty  hours,  fresh  brine  being  allowed  to 
flow  in  continually,  so  as  to  maintain  the  liquid  at  the  same  level  m the 
boiler  During  this  ebullition  a considerable  deposit  composed  of  the 
sulphates  of  calcium  and  sodium,  is  formed,  and  raked  out  by  the  work- 
men When  a film  of  crystals  of  salt  begins  to  form  upon  the  surface, 
the  fire  is  lowered,  and  the  temperature  of  the  brine  allowed  to  fa 
about  1800  F.,  at  which  temperature  it  is  maintained  for  several  ay 
whilst  the  salt  is  crystallising.  The  crystals  are  afterwards  drained 
rnd  Chied  by  exposure  to  air.  Hie  grain  of  the  salt  is  regulated  by  the 
temperature  at  which  it  crystallises,  the  size  of  the  crystals  increasing 
as  the  temperature  falls.  It  is  not  possible  to  extract  the  whole  of  the 
salt  in  this1  way,  since  the  last  portions  which  crystallise  will  always  be 
contaminated  with  other  salts  present  in  the  brine  3 but  the  mother-liquor 
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is  not  wasted,  for  after  as  much  salt  as  possible  has  been  obtained,  it  is 
made  to  yield  sodium  sulphate  (Glauber’s  salt),  magnesium  sulphate 
(Epsom  salts),  bromine,  and  iodine. 

The  process  adopted  for  extracting  the  salt  from  sea  water  depends 
upon  the  climate.  In  Russia,  shallow  pits  are  dug  upon  the  shore,  in 
which  the  sea  water  is  allowed  to  freeze,  when  a great  portion  of  the 
water  separates  in  the  form  of  pure  ice,  leaving  a solution  of  salt  suffi- 
ciently strong  to  pay  for  evaporation. 

Where  the  climate  is  sufficiently  warm,  the  sea  water  is  allowed  to 
run  very  slowly  through  a series  of  shallow  pits  upon  the  shore,  where 
it  becomes  concentrated  by  spontaneous  evaporation,  and  is  afterwards 
allowed  to  remain  for  some  time  in  reservoirs  in  which  the  salt  is 
deposited.  The  coarse  crystals  thus  obtained  are  known  in  commerce 
as  bay-salt.  Before  they  are  sent  into  the  market  they  are  allowed  to 
drain  for  a long  time,  in  a sheltered  situation,  when  the  magnesium 
•chloride  with  which  they  are  contaminated  deliquesces  in  the  moisture 
of  the  air  and  drains  off.  The  bittern , or  liquor  remaining  after  the 
salt  has  been  extracted,  is  employed  to  furnish  magnesia  and  bromine. 

1000  parts  of  sea  water  contain  about  29  parts  of  sodium  chloride,  0.5  of 
potassium  chloride,  3 of  magnesium  chloride,  2.5  of  magnesium  .sulphate.  1.5 
of  calcium  sulphate,  &c. 

In  a warm  climate,  that  of  Marseilles,  for  example,  the  water  is  allowed  to 
evaporate  spontaneously  until  it  has  a specific  gravity  of  1.24.  During  this 
evaporation  it  deposits  about  four-fifths  of  its  sodium  chloride.  It  is  then  mixed 
with  one-tenth  of  its  volume  of  water,  and  artificially  cooled  to  o°  F.  (see  p.  127), 
when  it  deposits  a quantity  of  sodium  sulphate,  resulting  from  the  decomposition 
of  part  of  the  remaining  sodium  chloride  by  the  magnesium  sulphate.  The 
mother-liquor  is  evaporated  down  till  its  specific  gravity  is  1.33,  a fresh  quantity 
of  sodium  chloride  being  deposited  during  the  evaporation.  When  the  liquid 
cools,  it  deposits  a double  salt  composed  of  chlorides  of  potassium  and  magnesium, 
from  which  the  latter  chloride  may  be  extracted  by  washing  with  a very  little 
water,  leaving  the  potassium  chloride  fit  for  the  market. 

This  process  is  instructive  as  illustrating  the  influence  exerted  upon  the  arrange- 
ment of  the  various  acids  and  bases  in  a saline  solution  by  the  temperature  to 
which  the  solution  is  exposed,  the  general  rule  being  that  the  salt  is  formed 
which  is  least  soluble  in  the  liquid  at  the  particular  temperature. 

The  great  tendency  observed  in  ordinary  table  salt  to  become  damp 
when  exposed  to  the  air,  is  due  chiefly  to  the  presence  of  small  quan- 
tities of  chlorides  of  magnesium  and  calcium,  for  pure  sodium  chloride 
lias  very  much  less  disposition  to  attract  atmospheric  moisture,  although 
it  is  very  easily  dissolved  by  water,  parts  being  able  to  dissolve  1 part 
(by  weight)  of  salt. . 

The  cubical  crystals  deposited  on  evaporation  are  anhydrous,  but 
•crystals  of  NaC1.2Aq  have  been  obtained  in  needles  from  a solution  of 
salt  in  hot  hydrochloric  acid. 

In  the  history  of  the  useful  applications  of  common  salt  is  to  be  found 
one  of  the  best  illustrations  of  the  influence  of  chemical  research  upon 
the  development  of  the  resources  of  a country,  and  a capital  example  of 
a manufacturing  process  not  based,  as  such  processes  usually  are,  upon 
mere  experience,  independent  of  any  knowledge  of  chemical  principles, 
but  upon  a direct  and  intentional  application  of  these  to  the  attainment 
of  a particular  object. 

Until  the  last  quarter  of  the  eighteenth  century,  the  uses  of  common 
salt  were  limited  to  culinary  and  agricultural  purposes,  and  to  the 
glazing  of  the  coarser  kinds  of  earthenware,  whilst  a substance  far  more 
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useful  in  the  arts,  carbonate  of  soda,  was  imported  chiefly  from  Spam 
under  the  name  of  barilla,  which  was  the  ash  obtained  by  burning  a 
marine  plant  known  as  the  salsola  soda.  But  this  ash  only  contained 
about  one-fourth  of  its  weight  of  carbonate  of  soda,  so  that  this  latter 
substance  was  thus  imported  at  a great  expense,  am  ie  manu  ac  xnes 
of  soap  and  glass,  to  which  it  is  indispensable,  were  proportionally 

During  the  wars  of  the  French  Revolution  the  price  of  barilla  had 
risen  so  considerably,  that  it  was  deemed  advisable  by  Napoleon  to 
offer  a premium  for  the  discovery  of  a process  by  which  the  carbonate 
of  soda  could  be  manufactured  at  home,  and  to  this  circumstance  v e 
are  indebted  for  the  discovery,  by  Leblanc,  of  the  process  at  present  in 
use  for  the  manufacture  of  carbonate  of  soda  from  common  salt,  a 
discovery  which  placed  this  substance  at  once  among  the  most  important 
raw  materials  with  which  a country  could  be  furnished. 

i8r.  Manufacture  of  carbonate  of  soda  from  common  salt— Ihe  salt 
is  spread  upon  the  hearth  of  a reverberatory  furnace  (fig.  225),  and 


Fig.  225.— Furnace  for  converting  common  salt  into  sulphate  of  soda. 


mixed  with  an  equal  weight  of  sulphuric  acid,  which  c01„TJ®^ts  ^ 
sodium  sulphate,  expelling  hydrochloric  acid  in  the  fox  ? h' 

which  would  prove  highly  injurious  to  the  vegetation  m & 

born-hood,  and  is  therefore  usually  condensed  by  being  brought  in  o 
contact  with  water  (see  p.  156).  The  flame  of  the  fire  is  allowed  to 
play  over  the  surface  of  the  mixture  of  salt  and  sulphuric  aci< 
ft  has  become  perfectly  dry;  in  this  state  it  is  technically  knovm  as 
?alt  cake  and  is  next  mixed  with  about  an  equal  weight  of  lin  , 
nd  rather  more  than  half  its  weight  of  small  coal ; this  mix  ui 
‘in  heated  upon  the  hearth  of  a reverberatory  furnace,  when  it  evoli  e. 
Tatadance  ‘of  carbonic  oxide,  and  yields  a mixture  of  sodium  < in- 
tonate with  lime  and  calcium  sulphide;  this  mixture  is  technically 

toZnchan“whth  has  been  effected  in  the  sodium  sulphate  will  be 

* The  hearth  of  this  furnace  1 Sf rcmi.1  tl \\tecoTii]iosi ti oil  is 

ments,  in  one  of  which  (lined  m ^ ^ funnel,  while  in  that  nearest  to  the  grate, 

phate  fused. 
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easily  understood ; for  when  this  salt  is  heated  in  contact  with  carbon 
(from  the  small  coal)  it  loses  its  oxygen,  and  becomes  sodium  sulphide, 
whilst  carbonic  oxide  gas  is  evolved  ; thus,  Na.,S04  + C,  = Na2S  + 4CO. 
Again,  when  calcium  carbonate  is  heated  in  contact  with  carbon,  car- 
bonic oxide  is  given  off,  and  lime  remains;  CaC03  + C = 2CO  + CaO. 
Finally,  when  sodium  sulphide  and  lime  are  heated  together  in  the 
presence  of  carbonic  acid  gas,  sodium  carbonate  and  calcium  sulphide 
.are  produced ; FTa.,S  +'CaO  + CO,  = Ha„C03  + CaS. 

When  the  black  ash  is  treated  with  water,  the  sodium  carbonate  is 
dissolved,  leaving  the  calcium  sulphide,  and  by  evaporating  the  solu- 
tion, ordinary  soda  ash  is  obtained.*  But  this  is  by  no  means  pure 
sodium  carbonate,  for  it  contains,  in  addition  to  a considerable  quantity 
•of  common  salt  and  sodium  sulphate,  a certain  amount  of  caustic  soda, 
formed  by  the  action  of  the  excess  of  lime  upon  the  carbonate.  In 
order  to  purify  it,  the  crude  soda  ash  is  mixed  with  small  coal  or  saw- 
dust and  again  heated,  when  the  carbonic  acid  gas  formed  from  the 
carbonaceous  matter  converts  the  caustic  soda  into  carbonate,  and  on 
dissolving  the  mass  in  water  and  evaporating  the  solution,  it  deposits 
oblique  rhombic  prisms  of  common  washing  soda,  having  the  composi- 
tion Na2C03.ioAq  (soda  crystals). 

A little  reflection  will  show  the  important  influence  which  this  pro- 
eess  has  exerted  upon  the  progress  of  the  useful  arts  in  this  country. 
The  three  raw  materials,  salt,  coal,  and  limestone,  we  possess  in 
abundance.  The  sulphuric  acid,  when  the  process  was  first  introduced, 
bore  a high  price,  but  the  resulting  demand  for  this  acid  gave  rise  to 
so  many  improvements  in  its  manufacture  that  its  price  has  been  very 
greatly  diminished — a circumstance  which  has  of  course  produced  a most 
beneficial  effect  upon  all  branches  of  manufacture  in  which  the  acid  is 
employed. 

The  large  quantity  of  hydrochloric  acid  obtained  as  a secondary  pro- 
duct has  been  employed  for  the  preparation  of  bleaching  powder,  and 
the  important  arts  of  bleaching  and  calico-printing  have  thence  received 
a considerable  impulse.  These  arts  have  also  derived  a more  direct 
•benefit  from  the  increased  supply  of  sodium  carbonate,  which  is  so 
largely  used  for  cleansing  all  kinds  of  textile  fabrics.  The  manufactures 
of  soap  and  glass,  which  probably  create  the  greatest  demand  for  sodium 
carbonate,  have  been  increased  anti  improved  beyond  all  precedent  by 
the  production  of  this  salt  from  native  sources. 

Sodium  sulphate  is  converted  into  a mixture  of  carbonate  and  sulphide  by 
being  strongly  heated  with  carbon  only — 

. 3 Na2S04  + C6  = Na2COs  + Na.,S2  + Na2S  + 4CO,  + CO. 

Weldon  melts  Na2S04  in  a Siemens  accumulating  furnace,  and  pours  it  on  to 
red-hot  coal  in  a revolving  furnace.  The  sodium  sulphide  so  produced  is  con- 
verted into  caustic  soda  by  superheated  steam ; Na2S  + 2H.,0  = H,S  + aNaHO. 

Hargreave’s  process  dispenses  with  the  use  of  sulphuric  acid,  and  converts  the 
.sodium  chloride  into  sulphate  by  the  action  of  sulphurous  acid  gas  (obtained  by 
burning  pyrites), steam,  and  air,  at  a dull  red  heat;  2NaCl  + H20  + S02  + 0 = 
JNa2S04  + 2HCl.  The  hydrochloric  acid  is  absorbed  by  water,  as  usual,  and  the 
sodium  sulphate  converted  into  carbonate  as  described  above. 

. ^eacon  passes  chlorine,  sulphurous  acid  gas,  and  steam  over  the  salt,  which 
is  made  to  glide  down  a series  of  inclined  planes  in  a tower  strongly  heated ; 
“ - y 2 U20  -r  Cl,  = 2IICI  + I1.,S04.  The  HC1  is  condensed  and  employed  for  the 
production  of  chlorine,  whilst  the  H2S04  decomposes  the  NaCl. 

_ r before  evaporation , air  is  generally  blown  through  the  liquor  to  oxidise  the  sodium 
suipmue  which  may  remain  unaltered  (see  p.  263,  Sodium  hydrate). 


262 


THE  AMMONIA  SODA  PROCESS. 


Ammonia  soda  process,  or  Solvay’s  process. — This  important  process  for  convert- 
ing NaCl  into  Na.,C03,  which  promises  entirely  to  supersede  the  Leblanc  process, 
depends  upon  the  reaction  between  sodium  chloride  and  hydro-ammonium 
carbonate  : NaCl  + NH4HC03  = NH4C1  + NaHC03.  A saturated  solution  of  common 
salt  is  mixed  with  about  one-fifth  of  its  volume  of  ammonia  (sp.  gr.  0.88),  and 
carbonic  acid  gas  is  passed  into  it,  when  the  sodium  bicarbonate  is  precipitated. 
The  portion  of  C02  which  escapes  absorption,  and  carries  off  NH3  with  it,  is 
passed  through  a tall  vertical  cylinder  with  perforated  shelves,  through  which 
solution  of  NaCl  trickles;  this  absorbs  the  gases,  ai\d  deposits  more  sodium 
bicarbonate,  which  collects  on  the  shelves.  The  sodium  bicarbonate  is  heated  to 
convert  it  into  carbonate;  2NaHC03  = Na2C03  + H20  + C02.  The  NH4C1  in  the 
solution  is  decomposed  by  heating  with  magnesia,  to  recover  the  ammonia,  which 
is  used  again  ; 2N H.,C1  + MgO  = 2NH3  + H20  + MgCL,.  1 he  solution  of  magnesium 
chloride  is  evaporated,  and  the  residue  strongly  heated,  when  HC1  is  evolved  and 
may  be  absorbed  by  water,  and  MgO  is  left,  which  may  be.  used  again. 

A modification  of  this  process  consists  in  employing  sodium  sulphate  ( salt-cake ) 
instead  of  sodium  chloride  ; Na8S04  + 2NH3  + 2C02  + 2H20  = 2NaHC03  + (NH4),S04. 
The  ammonium  sulphate  is  then  fused  with  more  salt-cake,  and  steam  injected 
(NH4)2S04  + Na2S04  = 2NH3  + 2NaHS04.  The  ammonia  is  used  over  again,  and 
the  NaHSO.  is  converted  into  salt-cake  by  fusion  with  common  salt 
NaHS04  + NaCl  = Na2S04  + HC1. 

The  sodium  carbonate  obtained  by  the  ammonia  process  is  much  prized  by  the 
glass  manufacturer  on  account  of  its  purity. 

Recovery  of  sulphur  from  alkali-waste. — Since  nearly  the  whole  of  the  sulphui 
which  is  employed,  in  the  form  of  sulphuric  acid,  for  decomposing  the  common 
salt,  is  obtained  at  the  alkali-works  in  the  form  of  calcium  sulphide  in  the  tank- 
icaste  left  after  exhausting  the  black  ash  with  water,  several  processes  have  been 
devised  for  recovering  the  sulphur  in  order  to  employ  it  again  for  the  manufacture 
of  oil  of  vitriol.  The  simplest  of  these  consists  in  blowing  air  through  the  moist 
tank-waste,  until  it  is  converted  into  a mixture  of  calcium  disulphide  and  calcium 
thiosulphate,  the  oxidation  being  stopped  when  one-third  of  the  disulphide  has 
been  converted  into  thiosulphate — 

(1)  2CaS  + O = CaO  + CaS2.  (2)  CaS2  + 03  = CaS,03. 

When  the  yellow  liquor  thus  obtained  is  decomposed  by  the  muriatic  acid  from 
the  alkali-works,  the  sulphur  is  precipitated— 

CaS203  + 2CaS„  + 6HC1  - SG  + sCaCl2  + 3H0O. 

In  another  process,  the  drainings  from  the  heaps  of  alkali- waste  exposed  to 
rain  are  saturated  with  sulphurous  acid  gas  from  burning  pyrites,  when  calcium 
thiosulphate  is  formed,  and,  on  adding  muriatic  acid,  both  the  sulphur  of  the 
waste  and  that  obtained  from  the 'pyrites  are  precipitated. 

An  objection  to  these  processes  appears  to  be  the  difficulty  in  procuring  a 
sufficient  quantity  of  muriatic  acid,  for  which  there  is  a great  demand  on  t e 
part  of  the  producers  of  bleaching  powder  and  bicarbonate  of  soda. 

1 Another  process  for  recovering  the  sulphur  employs  the 

chlorine  stills  (see  p.  148),  which  contains  manganese  dichlonde  (MnLl2)  ancl 
ferric  chloride  (Fe„CL).  On  treating  the  calcium  sulphide  in  the  soda-waste  with 
this  still-liquor,  calcium  chloride  and  sulphides  of  iron  and  manganese  arc 
produced  - MnCl2  + CaS  = MnS  + CaCl2 ; Fe2Cl6  + 3CaS  = Fe2S3  + 3CaCL. 

* Py  exposing  these  sulphides  to  the  air,  in  a moist  state,  the  sulphur  is  separated, 
and  the  metafs  are  converted  into  oxides— 

2MnS  + 03  = Mn203  + S2 ; Fe2Ss  + 03  = Fe203  + S3. 

Bv  stirring  these  oxides  with  more  soda-waste,  the  sulphides  are  reproduced, 
arp  afterwards  again  oxidised  by  exposure  to  air  so  as  to  separate  their  sulphui. 
Se  SXrThi  sefarated  combines  with  the  calcium  sulphide  in  a feesh  portion 
of  the  waste  to  form  disulphide,  one-third  of  which  is  oxidised  by  the  air,  as  m 
the  process  first  described,  and  converted  into  calcium  thiosulphate.  In  order  to 
™Sate  the  sulphur  from  the  liquor  containing  the  calcium  disulphide  and 
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sulphur  is  pressed  to  free  it  from  the  liquor,  dried,  and  melted  by  super-heated 
steam. 

Although  the  chemistry  of  this  process  is  rather  elaborate,  the  practical  working 
is  said  to  be  very  simple  and  inexpensive. 

A more  direct  process  for  extracting  sulphur  from  tank-waste  consists  in 
decomposing  the  calcium  sulphide  in  the  waste  with  a strong  solution  of  mag- 
nesium chloride ; CaS  + MgCL,  + H20  = CaCl2  + MgO  + H2S.  The  H2S  is  burnt,  and 
the  S02  formed  is  converted  into  H,S04  in  the  vitriol  chambers  (p.  203). 

In  order  to  recover  the  magnesium  chloride,  the  mixture  of  CaCl2  and  MgO  is 
treated,  under  pressure,  with  carbonic  acid  gas  obtained  from  a lime  kiln ; 
CaCI2  + Mg0  + C0,=  CaC03  + MgCl2.  The  magnesium  chloride  may  therefore  be 
used  over  and  over  again. 

According  to  one  of  the  latest  processes,  the  waste  is  used  for  precipitating 
dicalcic  phosphate  from  the  solution  of  native  Cas(P04),  in  HC1.  The  evolved 
H2S  is  made  to  act  upon  more  waste  mixed  with  water,  when  the  CaS  passes 
into  solution  as  Ca(HS)„.  The  solution  is  evaporated,  when  Ca(HS)2  + 2H20  — 
Ca(HO),+  2H„S.  The  H.,S  mixed  with  a carefully  regulated  amount"  of  air  is 
burnt  in  a kiln  containing  a deep  bed  of  porous  material,  so  that  the  II  burns 
and  the  S separates  in  vapour,  which  is  condensed. 

Sodium  carbonate,  washing  soda,  Na2C03.  ioAq. — The  crystals  of 
sodium  carbonate  are  easily  distinguished  by  their  property  of  efflorescing 
in  dry  air  (p.  44),  and  by  their  alkaline  taste,  which  is  much  milder 
than  that  of  potassium  carbonate,  this  being,  moreover,  a deliquescent 
salt.  The  crystals  are  very  soluble  in  water,  requiring  only  2 parts  of 
cold,  and  less  than  their  own  weight  of  boiling  water ; the  solution  is 
strongly  alkaline  to  test-papei’s.  The  crystals  fuse  at  50°  C.,  evolve 
steam,  and  deposit  a granular  powder  of  the  composition  Na,COs.Aq. 
At  a higher  temperature  it  becomes  Na„COs,  and  fuses  at  a red  heat. 

If  a solution  of  sodium  carbonate  be  crystallised  between  30°  and 
50°  C.,  the  crystals  are  Na2C03.7Aq. 

Bicarbonate  of  soda,  or  hydro-sodium  carbonate,  ISTaHCO.,,  is  the  sub- 
stance commonly  used  in  medicine  as  carbonate  of  soda.  It  is  prepared 
either  by  saturating  the  crystallised  carbonate  with  CO„  or  by  passing 
C02  through  a strong  solution  of  common  salt  mixed  with  ammonia 
(see  p.  262  ).*  It  forms  small  prismatic  crystals  much  less  easily 
dissolved  by  water  (8.85  per  cent,  at  150  C.)  than  the  carbonate.  The 
solution  is  much  less  alkaline.  When  the  solution  is  heated  it  evolves 
CO,,  and  crystals  of  the  sesquicarbonate,  Na,C03.2HaHC03.3Aq,  may 
be  obtained  from  it.  This  salt  is  the  Trona  found  in  Africa  and  South 
America.  It  has  been  seen  that,  when  strongly  heated, 

2NaHC03  = Na,C03  + CO,  + H,0. 

Potassjo-sodium  carbonate,  KNaC03.6Aq,  may  be  crystallised  from  a 
mixture  of  solutions  of  the  carbonates. 

Soda  lye,  employed  in  the  manufacture  of  hard  soap,  is  a solution  of 
sodium  hydrate  (HaHO.),  obtained  by  decomposing  the  carbonate  with 
calcium  hydrate  (slaked  lime)  j NasCOs  + Ca(HO)2  = 2NaH0  + CaC03. 

The  solid  sodium  hydrate  of  commerce  is  generally  obtained  in  the  pro- 
cess for  manufacturing  carbonate  of  soda  just  described : the  solution 
obtained  by  treating  the  black  ash  with  water  is  concentrated  by  evapo- 
ration, so  that  the  carbonate,  sulphate,  and  chloride  of  sodium  may 
crystallise  out,  leaving  the  hydrate,  which  is  far  more  soluble,  in  the 
liquid.  The  latter,  which  still  contains  a compound  of  sulphide  of 
sodium  and  sulphide  of  iron,  which  gives  it  a red  colour  fed  liquor),  is 

' A saturated  solution  of  NaCI  mixed  with  one-third  of  its  volume  of  NH3  (sp.  gr.  .88) 
ana  saturated  with  C02  gives  a copious  precipitate  of  NaHGCb. 


CASTNER’S  PROCESS. 


264 

mixed  with  some  nitrate  of  soda  to  oxidise  the  sulphides,  and  evaporated 
down  until  a fused  mass  of  sodium  hydrate  is  left,  which  is  poured  out 
into  iron  moulds.* 

Crystals  of  2lSTaH0.7H20  have  been  obtained. 

Kryolite  (NaaAlF6)  is  sometimes  employed  as  a source  01  sodium 
hydrate,  which  may  be  obtained  by  decomposing  it  with  slaked  lime.  . 

184.  Sodium. — Potash  and  soda  exhibit  so  much  similarity  in  their 
properties  that  We  cannot  he  surprised  at  their  having  been  confounded 
together  by  the  earlier  chemists,  and  it  was  not  till  1736  that  Du  Dame 
pointed  out  the  difference  between  them.  The  discovery  of  potassium 
naturally  led  Davy  to  that  of  sodium,  which  can  be  obtained  by  processes 
exactly  similar  to  those  adopted  for  procuring  potassium,  to  w ici 
will  be  remembered  sodium  presents  very  great  similarity  in  properties 
(p.  1 s).  Sodium,  however,  is  readily  distinguished  from  potassium  by 
its  burning  with  a yellow  flame,  which  serves  even  to  characterise  1 

when  in  combination.  . , , , 

This  yellow  flame  is  well  seen  by  dissolving  salt  in  water  in  a plate,  and  add  g 
enough  spirit  of  wine  to  render  it  inflammable,  the  mixture  being  well  stirre 
while  burning.  If  a little  piece  of  sodium  be  burnt  in  an  ir?“  e]} 

flame,  all  the  flames  in  the  room,  even  at  a remote  distance,  will  be  1 tingec  y • 
The  blowpipe -flame  may  also  be  employed  to  detect  sodium  Y ’ 

the  case  of  potassium  (p.  255).  In  fireworks,  nitrate  of  soda  “ 
ducing  yellow  flames.  A very  good  yellow  fire  may  be  made  by  intimately mim  g, 
in  a mortar,  74  grs.  of  nitrate  of  soda,  20  grs.  of  sulphur,  6 gis.  of  sulphide  of 
antimony,  and  2 grs.  of  charcoal,  all  carefully  dried,  andvery  finely  powce  . 

Sodium  is  a whiter  metal  than  potassium.  When  heated  mam,  it 
gives  a mixture  of  Na,0  and  Na202,  which  are  converted  into  Aa-tiO  by 
water,  0 being  evolved  from  the  Na.,0„_.  If  water  be  gradually  added  to 
Na„0.„  it  dissolves,  and  the  solution  yields  crystals  of  Na  0,.b±i„U.  _ 

It  is  remarkable  that  sodium  is  not  attacked  by  perfectly  dry  chlorine 
or  bromine,  but  if  a trace  of  aqueous  vapour  be  present,  combination 
takes  place  with  violence. 

The  preparation  of  sodium,  by  distilling  a mixture  of  sodium  cai- 
bonate  and  charcoal,  is  much  easier  than  that  of  potassium,  for  which 
reason  sodium  is  far  less  costly  than  that  metal,  and  has  received 
applications,  on  the  large  scale,  during  the  last  few  years,  for  the 
extraction  of  the  metals  aluminium  and  magnesium.  An  amalgam 
of  sodium  (p.  130)  is  also  employed  with  advantage  in  extracting 
or0ld  and  silver  from  their  ores.  To  obtain  sodium  111  large  quantity, 
a mixture  of  dried  carbonate  of  soda,  powdered  coal,.  and  chalk  is 
distilled  in  iron  cylinders,  when  the  sodium  passes  over  m the  form  o 

vapour ; Ha„C03  + C2  = FTa2  + 3CO.  . , 

The  chalk  is  employed  to  prevent  the  fusion  of  the  mixture.  ^ 

A P-reatlv  improved  process  for  the  manufacture  of  sodium  (Castner  $ process) 
ConsK?S7dSimng  fused  sodium  hydrate  in  cast-iron  crucibles  with  a mixture 
0f  carbon  and  finely  divided  iron  prepared  by  reducing  haematite  with  C 01  > 

mixing  it  whh  tar,  and  coking,  thus  obtaining  a mixture  of  30  Partsof^rbon 
■md  70  marts  of  iron.  The  reduction  of  the  sodium  is  effected  by  the  carbon,  the 
i on  ser  vfnnto  keep  it  down  below  the  surface,  and  therefore  m direct  contact 
^ the’SedhyKe:  3N»H0  + C,  = Na>  + CO  + 0OI+H,  The  residues  m the 

• Another  plan  of  treating  the  black  ask  Ikpior 
a column  of  coke  against  a ™“ent  of „ }j ’ lor  is  mixed  with  a little  chloride  of  lime  to 

the  sulphide  of  iron  is  deposited.  Ihe  q . noration  when  carbonate  and 

oxidise  any  remaining  sulphid^  dT^0  'iXTsSaWPl  tom  these  con- 

ferrocyamde  of  sodium  are  deposited  in  * coolimr 

tains  the  sodium  hydrate,  and  is  evaporated  till  it  solidifies  on  cooling. 
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crucibles  are  treated  with  warm  water,  and  the  solution  evaporated  to  recover 
some  unreduced  sodium  carbonate,  while  the  iron  is  dried,  mixed  with  tar,  and 
used  over  again.  The  distillation  is  carried  on  in  a gas-furnace  at  a temperature 
of  about  iooo°  C.  It  is  said  to  yield  90  per  cent,  of  the  sodium  present  instead 
of  30  per  cent,  from  the  old  process. 

The  production  of  cheap  sodium  will  lower  the  price  of  aluminium  and  mag- 
nesium, which  are  extracted  by  its  aid. 

Sodium  chloride , Nad,  forms  rock  salt  and  table  salt,  the  latter  con- 
sisting of  minute  crystals  formed  by  boiling  down  the  water  of  brine 
springs  (see  p.  258).  It  forms  cubical  crystals,  almost  equally  soluble  in 
hot  and  cold  water  ; 100  parts  of  water  at  1 50  C.  dissolve  36  parts  of  salt, 
at  ioo°,  39  parts.  It  is  insoluble  in  alcohol.  At  a red  beat  it  fuses, 
and  is  afterwards  vaporised.  It  forms  two  cryohydrates,  NaC1.2Aq, 
deposited  from  a saturated  solution  cooled  to  — ioD  C.,  and  NaCl.ioAq, 
deposited  at  — 22°.  They  are  decomposed  at  higher  temperatures. 

Sodiiom  fluoride,  NaF,  in  which  half  the  sodium  is  replaced  by 
aluminium,  is  found  as  cryolite,  AlNa3FG. 

The  sulphides  of  sodium  are  similar  to  those  of  potassium.  Sodium 
sulphate  is  found  anhydrous  as  Thenardite.  Crystallised  sodium  sulphate, 
Na2S04.ioAq,  or  Glauber  s salt,  is  made  by  decomposing  2NaCl  with 
H2S04,  dissolving  and  crystallising.  It  forms  prismatic  crystals  which 
effloresce  in  air,  fuse  at  330  C.,  and  become  anhydrous  at  ioo°.  It  is 
more  soluble  in  water  at  330  C.  than  at  any  other  temperature,  100  parts 
of  water  dissolving  x 1 5 parts  of  the  crystals.  When  this  solution  is 
heated,  it  deposits  octahedral  crystals  of  Na,S04.Aq.  When  cooled 
quietly  in  a covered  vessel,  the  solution  exhibits,  in  a high  degree,  the 
phenomenon  of  supersaturation,  so  that  a crystal  of  the  salt  must  be 
dropped  in  to  cause  ci-ystallisation,  or  the  immersion  of  a dusty  glass 
rod  will  often  answer,  the  dust  probably  containing  minute  crystalline 
particles.  At  120  C.  ciystals  of  Na.,S04.7Aq  may  be  obtained.  The 
crystals  of  Na,S04.ioAq,  with  half  their  weight  of  strong  HC1,  foi’m  an 
excellent  freezing  mixture,  being  equivalent  to  salt  and  ice — 

Na2S04.  ioAq  + HC1  = NaHS04  + NaCl  + ioAq. 

Crystallised  sodium  sulphate  forms  the  very  common  saline  effloi’es- 
cence  upon  the  sui’face  of  bi’ick  walls,  and  has  been  found  covei'ing  the 
sandy  soil  of  the  Desert  of  Atacama  over  a considerable  area. 

Glauberite  is  Na2Ca(S04)2,  and  is  nearly  insoluble  in  water. 

Hydrosodium  sulphate,  NaHS04,  or  bisulphate  of  soda,  crystallises  in 
pi'isms  with  iAq.  It  is  more  fusible  and  more  easily  decomposed  by 
heat  than  KHS04.  It  is  decomposed  by  alcohol  into  H„S04  and 
Na,S04,  which  remains  undissolved. 

When  modei’ately  heated,  2NaIIS04  = II., 0 + Na2S.,0_  ( pyrosulpliate ), 
decomposed  by  a red  heat  into  Na,S04  and  S03.  Sodium  pyrosulphate 
is  also  formed  when  NaCl  is  heated  with  S03— 

2NaCl  + 3S03  = Na2S.,07  + S02C12. 

Sodium  sulphite  crystallises  in  prisms,  Na.,S03.7Aq,  which  are  very 
soluble  in  water,  yielding  an  alkaline  solution.  It  is  prepared  by 
saturating  one-half  of  a solution  of  Na.,CO,  with  SO.,  gas,  and  adding 
the  other  half— 

(1)  Na2C03  + 2 SO.,  + H20  = 2NaHS03  + CO.,; 

(2)  2NaHS03  + Na,C03  = 2Na,S03  + H20  + C02. 

Ihe  sodium  sulphite  is  useful  in  the  laboratory  as  a reducing  agent,  and 
the  hydrosodium  sulphite,  NaHS03,  is  used  in  organic  chemistiy. 
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Sodiuvi  thiosulphate,  ]STa„S„03,  or  hyposulphite  of  soda,  crystallises  in 
glassy  prisms,  !STa2S203.5  Aq,  which  are  very  fusible,  and  remain  liquid 
after  cooling  until  a minute  crystal  of  tlie  salt  is  dropped  in,  when  the 
whole  crystallises  in  a most  beautiful  way.  The  salt  is  very  soluble  in 
water,  but  insoluble  in  alcohol.  When  the  crystals  are  heated  in  the 
air,  they  dry  up,  and  the  residue  burns  with  a blue  flame ; Na2S203  + 03  = 
Na„S04  + SO.,.  But  if  the  salt  be  heated  in  a tube  or  flask  so  that  air 
is  excluded,  it  leaves  an  orange-coloured  residue  of  sodium  pentasulphide 
mixed  with  sodium  sulphate  ; 4Na2S203  = 3bTa2S04  + Na2S5.  On  a small 
scale,  sodium  thiosulphate  may  be  obtained  by  dissolving  sulphur  in  a 
boiling  solution  of  sodium  sulphite,  and  crystallising.  On  the  large 
scale,  it  is  made  from  the  calcium  sulphide  contained  in  the  tank-waste 
from  the  alkali-works,  which  is  oxidised  by  air  and  decomposed  by 
sodium  sulphate — 

(1)  2CaS  + 20.,  + H.,0  = CaS„03  + Ca(HO)2 ; 

(2)  CaS203  + Na2S04  = CaS04  + Na2S203. 

The  calcium  sulphate,  being  sparingly  soluble,  is  easily  separated. 

Sodium  thiosulphate  is  much  used  in  photography  for  fixing  prints 
by  dissolving  the  unaltered  portion  of  the  sensitive  film  of  silver  chloride 
or  iodide.  It  is  also  used  by  bleachers  as  an  antichlore  (see  p.  200).  . 

Phosphate  of  soda,  or  hydro-disodium  phosphate,  HNa2P04,  crystallises 
in  prisms,  Ha„ITP04.i  2Aq,  which  effloresce  in  air  and  dissolve  easily 
in  water,  giving  an  alkaline  solution.  When  heated,  they  fuse  easily, 
and  lose  the  i2Aq  at  450  C. ; at  a red  heat,  2Na,HP04  = H20  + Na4P„07 


{pyrophosphate) . 


Na.,TIP04  occurs  in 


the  blood  and  in  urine.  It  is  prepared  by 


so  as 


decomposing  bone-ash,  which  contains  Ca3(P04)2,  with  H.,SO  _ 
to  obtain  the  insoluble  CaS04  and  a solution  of  impure  H3P04.  This 
is  decomposed  by  Na.,C03,  the  solution  filtered  from  the  small  quantity 


of  CaC03,  evaporated  and  crystallised 


H3P04 


+ 


Na„C03  = Na„HP04 


+ H.,0  + C02 


Arseniate  of  soda,  or  hydro-disodium  arsenate,  HHa2As04,  forms  ciys- 
tals  with  i2Aq,  resembling  -those  of  the  phosphate,  but  the  salt  as 
commonly  sold  contains  7Aq.  There  exists  also  the  salt  ISTa2IiP04.7Aq, 
but  this  is  not  that  commonly  sold.  . _ . 

Sodium  arsenate  is  made  by  dissolving  white  arsenic  in  caustic  soda, 
adding  sodium  nitrate,  evaporating  to  dryness,  heating  the  residue  to 

redness  and  dissolving  in  water — 

(1)  As203  + 6NaH0  = 2Na3As03  + 3-^A-*  ’> 

(2)  NasAs03  + NaN03  = Na3As04  -I-  NaN02  ; 


(3)  Na3As04  + H20  = 


Na2HAs04  + 


NaHO.' 


185.  Borax,  biborate  of  soda  (Na20.2B303),  or  sodium  pyroborate 
(Na  B 0 ). — It  has  already  been  stated  that  borax  is  deposited  during 
the  evaporation  of  the  waters  of  certain  lakes  in  Thibet,  whence  it  is 
imported  into  this  country  in  impure  crystals,  which  are  covered  with  a 
peculiar  greasy  coating.  Borax  has  also  been  found  abundantly  111 
Southern  California.  The  refiner  of  tincal  powders  the  crystals  anc 
washes  them,  upon  a strainer,  with  a weak  solution  of  soda,  whic 
converts  the  greasy  matter  into  a soap  and  dissolves  it.  The  bou  x 
then  dissolved  in  water,  a quantity  of  sodium  carbonate  is  added  to 
separate  some  lime  which  the  borax  usually  contains  and,  aftei  ^teiing 
off  the  carbonate  of  lime,  the  solution  is  evaporated  to  the  crystallising 
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point  and  allowed  to  cool,  in  order  that  it  may  deposit  the  pure  crystals 
of  borax. 

It  appears,  however,  that  the  greater  part  of  the  borax  employed  in 
the  arts  is  manufactured  in  this  country  by  heating  sodium  carbonate 
with  boric  acid,  when  the  latter  expels  the  carbonic  acid.*  The  mass 
is  then  dissolved  in  water,  and  the  borax  crystallised,  an  operation  upon 
which  much  care  is  bestowed,  since  the  product  does  not  meet  with  a 
ready  sale  unless  in  large  crystals. 

The  solution  of  borax,  having  been  evaporated  to  the  requisite  degree 
of  concentration,  is  allowed  to  crystallise  in  covered  wooden  boxes,  which 
are  lined  with  lead  and  enclosed  in  an  outer  case  of  wood,  tl  e space 
between  the  sides  of  the  case  and  the  box  being  stuffed  with  some  bad 
conductor  of  heat,  so  that  the  solution  of  borax  may  cool  very  slowly, 
and  large  crystals  may  be  deposited.  In  about  thirty  hours  the  crystal- 
lisation is  completed,  when  the  liquid  is  drawn  off  as  rapidly  as  possible, 
the  last'  portion  being  carefully  soaked  up  with  sponges,  so  that  no  small 
crystals  may  be  afterwards  formed  upon  the  surface  of  the  large  ones ; 
the  case  is  then  again  covered  up,  so  that  the  crystals  may  cool  slowly 
without  cracking.  When  a solution  of  borax  is  crystallised  above  6o°  C., 
it  yields  octahedral  borax,  NaaB407.5Aq,  which  is  also  deposited  when 
solution  of  prismatic  borax  is  evaporated  in  vacuo. 

Borax  is  chemically  known  as  sodium  pyroborate  (p.  120),  and  is 
represented,  in  the  dry  state,  by  the  formula  hTa2B40..  The  ordinary 
prismatic  crystals,  however,  contain  ten  molecules  of  water  of  crystal- 
lisation, and  are  therefore  represented  by  the  formula  Na,B407.ioAq. 
They  soon  effloresce  and  become  opaque  when  exposed  to  air,  and  may 
readily  be  distinguished  by  their  alkaline  taste  and  action  upon  test- 
papers,  and  especially  by  their  behaviour  when  heated,  for  they  fuse 
easily  and  intumesce  most  violently,  swelling  up  to  a white  spongy  mass 
of  many  times  their  original  bulk ; this  mass  afterwards  fuses  down  to 
a clear  liquid  which  forms  a transparent  glassy  mass  on  cooling  (vitrefied 
borax),  and  since  this  glass  is  capable  of  dissolving  many  metallic  oxides 
with  great  readiness  (borax  being,  by  constitution,  an  acid  salt,  and 
therefore  ready  to  combine  with  more  base),  it  is  much  used  in  the 
metallurgic  arts.  Large  quantities  of  borax  are  also  employed  in 
glazing  stoneware. 

A dilute  solution  of  borax  dissolves  iodine  to  a colourless  solution, 
but,  on  concentration,  the  iodine  is  precipitated ; probably  the  borax  is 
decomposed  in  the  dilute  solution  into  boric  acid  and  soda,  which  con- 
verts the  iodine  into  iodide  and  iodate ; on  concentrating,  the  boric  acid 
liberates  hydriodic  and  iodic  acids,  which  react  with  each  other,  sepa- 
rating iodine. 

aS  odium  silicate. — A combination  of  soda  with  silica  has  long  been 
used,  under  the  name  of  soluble  glass,  for  imparting  a fire-proof  charac- 
ter  to  wood  and  other  materials,  and,  more  recently,  for  producing 
artificial  stone  for  building  purposes,  and  for  a peculiar  kind  of  per- 
manent fresco-painting  ( stereochromy ),  the  results  of  which  are  intended 
to  withstand  exposure  to  the  weather. 

Soluble  glass  is  usually  prepared  by  fusing  15  parts  of  sand  with 

The;  ammonia  which  ia  evolved  from  the  Tuscan  boracic  acid  employed  in  this  process 
is  rnown  in  commerce  as  Volcanic  ammonia , and  is  free  from  the  empyreumatic  odour 
wmen  generally  accompanies  that  from  coal  and  bones. 
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8 parts  of  carbonate  of  soda  and  i part  of  charcoal.  The  silicic  acid, 
combining  with  the  soda,  disengages  the  carbonic  acid  gas,  the  expulsion 
of  which  is  facilitated  by  the  presence  of  charcoal,  which  converts  it 
into  carbonic  oxide.  The  mass  thus  formed  is  scarcely  affected  by  cold 
water,  but  dissolves  when  boiled  with  water,  yielding  a strongly  alkaline 
liquid. 

In  using  this  substance  for  rendering  wood  fire-proof,  a rather  weak 
solution  is  first  applied  to  the  wood,  and  over  this  a coating  of  lime- 
wash  is  laid ; a second  coating  of  soluble  glass  (in  a more  concentrated 
solution)  is  then  applied.  The  wood  so  prepared  is,  of  course,  charred, 
as  usual,  by  the  application  of  heat,  but  its  inflammability  is  remarkably 
diminished. 

For  the  manufacture  of  Ransome’ s artificial  stone , the  soluble  glass  is 
prepared  by  heating  flints,  under  pressure,  with  a strong  solution  of 
caustic  soda,  to  a temperature  between  300°  and  400°  F.,  when  the 
silica  constituting  the  flint  enters  into  combination  with  the  soda. 
Finely  divided  sand  is  moistened  with  this  solution,  pressed  into  moulds, 
dried,  and  exposed  to  a high  temperature,  when  the  silicate  of  soda 
fuses  and  cements  the  grains  of  sand  together  into  a mass  of  artificial 
sandstone,  to  which  any  required  colour  may  be  imparted  by  mixing 
metallic  oxides  with  the  sand  before  it  is  moulded. 

Silicate  of  soda  is  also  sometimes  used  as  a dung  substitute  (p.  241)  in 
calico-printing. 

Di-sodium  silicate  has  been  obtained  in  prismatic  crystals,  Na„Si03.8Aq, 
by  dissolving  silica  in  caustic  soda.  It  is  soluble  in  water,  and  the  solu- 
tion is  decomposed  by  the  C02  in  the  air.  When  amorphous  silica  is  dis- 
solved in  a hot  solution  of  Na2C03,  the  liquid  becomes  a jelly  on  cooling. 

Sodium  nitrate,  HSTaISr03,  will  be  more  particularly  noticed  in.  the 
section  on  gunpowder.  It  is  imported  from  Peru,  and  used  in  consider- 
able quantity  as  a manure,  and  for  the  manufacture  of  potassium 
nitrate. 

SALTS. OF  AMMONIUM. 


186.  The  great  chemical  resemblance  between  some  of  the  salts  formed 
by  neutralising  acids  with  ammonia,  and  the  salts  of  potassium  and 
sodium,  has  been  already  pointed  out  as  affording  a reason  for  the 
hypothesis  of  the  existence  of  a compound  metal,  ammonium  (NH4), 
equivalent  in  its  functions  to  potassium  and  sodium. 

The  compounds  which  are  formed  when  ammonia  (NH3)  combines 
with  the  anhydrides,  such  as  carbonic  (COJ  and  sulphuric  (SOs),  do  not 
exhibit  the  resemblance  to  the  salts  of  potassium  and  sodium  until  water 
is  added.  Thus,  by  the  action  of  dry  ammonia  gas  upon  sulphuric 
anhydride,  a compound  called  sulphuric  ammonide  is  formed,  having  the 
composition  (NH3)2S03.  This  substance  dissolves  in  water,  and  crystal- 
lises in  octahedra,  but  its  solution  is  not  precipitated  by  barium  chloride, 
which  always  precipitates  the  true  sulphates,  nor  by  platinic  chloride, 
which  precipitates  the  true  ammonium  salts..  By  long  boiling  with 
water  however,  it  becomes  converted  into  ammonium  sulphate,  (A  H4)2 
which  yields  precipitates  with  both  the  above  tests*  The  phosphoric, 


* Representing  sulphuric  acid  as  sulphuryl  hydrate,  S02.0H  OH,  ammonium  sulphate 
is  SO  ONH4ONH  and  sulphuric  ammonide  is  SO2.NH2.ONH4,  the  amidogen  gioup, 
NH2,  replacing  the  ammon-oxyl  group,  0(NH4). 
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carbonic,  and  sulphurous  anhydrides  also  combine  with  dry  ammonia  to 
form  ammonides,  which  do  not  respond  to  the  ordinary  tests  for  the 
corresponding  salts  of  ammonium  until  after  water  has  been  assimilated. 
The  true  salts  of  ammonium  are  produced  either  by  the  combination  of 
an  acid  with  ammonia,  or  by  double  decomposition. 

Ammonium  hydrate,  NII4HO,  is  believed  to  exist  in  the  solution  of 
ammonia;  NH3+  H20  — NH.HO ; but  it  has  not  been  obtained  in  the 
separate  state. 

Ammonium  nitrate,  NH4NOs,  is  prepared  by  neutralising  ordinary 
nitric  acid  with  lumps  of  ammonium  carbonate,  when  the  nitrate  crys- 
tallises on  cooling  in  six-sided  prisms  like  those  of  KN03,  but  they  are 
deliquescent  and  very  soluble  in  water.  When  gently  heated,  it  melts 
at  150°  C.,  and  is  decomposed  at  210°  C.,  when  it  boils  and  passes  off 
entirely  as  water  and  nitrous  oxide  ; NH4N03  = 2H,0  4-  N.,0.  If  sharply 
heated,  as  by  throwing  it  on  a red-hot  surface,  it"  deflagrates.  If  very 
carefully  heated,  it  may  be  sublimed.  It  is  largely  used  for  making 
nitrous  oxide. 

Ammonium  nitrate  absorbs  one-third'  of  its  weight  of  ammonia  and 
becomes  liquid;  the  ammonia  is  expelled  at  250  C. 

Ammonium  nitrite,  NH4lSr02,  is  interesting  on  account  of  its  easy 
decomposition  by  heat;  NH4NOa  = N,  + 2H30.  This  takes  place  even 
on  boiling  the  solution,  so  that  a mixture  of  solutions  of  potassium 
nitrite  and  ammonium  chloride  is  used  for  preparing  nitrogen.  Ammo- 
nium nitrite  is  found,  in  very  small  quantity,  in  rain  water ; it  can 
also  be  detected  in  the  water  condensed  from  hydrogen  burning  in  air. 
Ammonia  is  partly  converted  into  this  salt  when  oxidised  by  ozone  or 
even  by  air  in  presence  of  heated  platinum ; 2NH,  + 0 = Nil  NO,  + IT  ,0. 

187.  Ammonium  sulphate,  (NH4)3S04,  is  largely  employed  in  the  pre- 
paration of  ammonia-alum,  and  of  ai'tificial  manures,  for  which  purposes 
it  is  geneially  obtained  from  the  ammomacal  liquor  of  the  gas-works  by 
neutralising  with  sulphuric  acid  and  evaporating.  The  rough  crystals 
are  gently  heated  to  expel  tarry  substances,  and  purified  by& recrystal- 
lisation. The  crystals  have  the  same  shape  as  those  of  potassium  sulphate, 
and  are  easily  soluble  in  water,  but  not  in  alcohol.  When  heated  to 
about  500  F.  (260  C.),  the  ammonium  sulphate  is  decomposed,  yielding 
vapour  of  ammonium  sulphite,  water,  ammonia,  nitrogen,  and  sulphur 
dioxide.  If  muslin  be  dipped  into  a solution  of  ammonium  sulphate  in 
ten  parts  of  water  and  dried,  it  will  no  longer  burn  with  flame  when 
ignited.  I he  mineral  mascagnine  consists  of  ammonium  sulphate. 
I his  salt  is  occasionally  found  in  needle-like  crystals  upon  the  windows 
of  rooms  in  which  coal  gas  is  burnt. 

. 1 8^-  Ammonium  carbonate,  also  called  smelling  salts  or  Preston  salts, 
is  largely  used  in  medicine,  and  by  bakers  and  confectioners,  for  im- 
parting lightness  or  porosity  to  cakes,  <fcc.  It  is  commonly  prepared  by 
mixing  sal  ammoniac  (ammonium  chloride)  with  twice  its  weight  of 
chalk,  and  distilling  the  mixture  in  an  earthen  or  iron  retort,  commu- 
nicating, through  an  non  pipe,  with  a leaden  chamber  or  receiver,  in 
which  the  ammonium  carbonate  collects  as  a transparent  fibrous  mass, 
which  is  extracted  by  taking  the  receiver  to  pieces,  and  purified  by 
resubliming  it  in  iron  vessels  surmounted  by  leaden  domes.  The  action 
o calcium  carbonate  upon  ammonium  chloride  would  be  expected  to 
urnish  the  normal  carbonate,  (NH4)2C03,  but  this  salt  (even  if  produced) 
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is  decomposed  by  the  heat  employed  in  the  process  into  hyclro-avimonium 
carbonate  and  ammonium  carbamate  ; ( i ) (NH4)2C03  = HNH4C03  + IS:  II,; 
(2)  (NH4)2C03  = NH4C02NH,  + H,0. 

Normal  ammonium  Hydro-ammonium  Ammonium 

carbonate.  carbonate.  carbamate. 


ro  f°NH4 
LU(ONH4 


CO 


(OH 

1onh4 


fNH 

(ONH 


The  commercial  carbonate  is  usually  a mixture  of  2NH4HC03  and 
NH4CO,NH,.  By  treating  it  with  strong  alcohol,  the  carbamate  is 
dissolved  and  the  hydro-ammonium  carbonate  is  left. 

When  exposed  to  the  air,  it  smells  of  ammonia,  and  gradually  be- 
comes NIi4HC03,  the  carbamate  being  decomposed  and  volatilised; 
NH  CO,NH„  = CO,  + 2NH3.  On  treating  the  commercial  carbonate 
with  a little  water,’  the  hydro-ammonium  carbonate  is  left  undissolved, 
whilst  the  carbamate  is  converted  into  carbonate  and  dissolved ; 


NH4CO,NH2  + H,0  = (NH4)2C03. 

Ammonium  carbonate,  (NH4)2C03,  is  obtained  in  crystals  by  treating 
the  commercial  carbonate  with  strong  ammonia.  The  crystals  contain 
1 Aq.  They  are  deliquescent  in  air,  and  evolve  NH3,  becoming  con- 
verted into  the  bicarbonate  ; (NH4),C03  = NH3  + NH4tIC03. 

Ammonium  bicarbonate,  TA H4HC03,  or  hydro-ammonium  carbonate, 
is  the  most  stable,  and  is  obtained  by  dissolving  the  commercial  car- 
bonate in  a little  boiling  water,  when  it  crystallises  out  on  cooling.  It 
has  been  found  in  considerable  quantity,  forming  crystalline  masses,  in 
a bed  of  guano  on  the  western  coast  of  Patagonia. 

Sal  volatile  is  an  alcoholic  solution  of  ammonium  carbonate  and  car- 


bamate. 

The  ammonium  carbamate  is  deposited  as  a white  solid  when  ammonia  gas  is 
mixed  with  carbonic  acid  gas.  It  may  be  obtained  in  crystals  by  passing  C02 
and  NIIj  into  the  strongest  solution  of  ammonia. 

Ammonium  carbamate  is  easily  soluble  in  water,  which  soon  converts  it  into 
ammonium  carbonate.  The  aqueous  solution,  when  freshly  prepared,  is  not  pre- 
cipitated by  calcium  chloride,  but  the  calcium  carbonate  is  deposited  on  standing 

or  heating.  . . . 

When  ammonium  carbamate  is  heated  in  a sealed  tube  to  130  C.  it  is  decom- 
posed into  ammonium  carbonate  and  urea ; 2NH4C02NH2=(NH4)2C03  + C0N2H4. 
Carbamic  acid,  HC02NH2,  has  not  been  isolated ; its  relation  to  carbonic  acid  is 
seen  by  a comparison  of  their  formula; ; carbonic  acid,  CO.OH.OH  ; carbamic 
acid,  CO.OH.NH.,.  Other  carbamates  have  been  obtained  by  passing  CO,  through 
strongly  ammoniacal  solutions  of  different  bases,  and  precipitating  the  car- 
bamates by  alcohol.  When  potassium  carbamate  is  heated,  it  yields  water  and 
potassium  cyanate ; KC02NH2=KCN0  + H20. 

Carbamates  are  remarkable  for  evolving  nitrogen  when  treated  with  a mixture 
of  soda  and  sodium  hypobromite,  but  not  with  the  hypochlorite;  thus  sodium  car- 
bamate, with  sodium  hypobromite  and  soda,  gives  sodium  carbonate,  sodium 

bromide,  water,  and  nitrogen  _ _ _ _ T 

2(C0  NH„.ONa)  + 3NaBrO  + 2NaOH  = 2C0(0Na)2  + 3NaBr  + 3IBX)  + N2. 

If  solution  o'f  sodium  carbamate  be  mixed  with  sodium  hypochlorite  and  soda,  no 
nitroeen  is  evolved  until  a soluble  bromide  is  added,  a reaction  which  will  indi- 
cate bromides  even  in  dilute  solutions.  The  solution  of  sodium  carbamate  may 
be  prepared  by  dissolving  ammonium  carbamate  in  a strong  solution  of  soda,  and 
allowing  the  mixture  to  stand  over  strong  sulphuric  acid  under  a bell-jar  for  a day 

or  two.  . 

180  Ammonium  chloride  (NH4C1),  also  called  muriate  of  ammonia 

and  sal  ammoniac.— When  dry  ammonia  gas  is  brought  m contact  with 
an  equal  volume  of  dry  hydrochloric  acid  gas,  it  has  been  seen  (p.  129) 
that  they  combine  directly  to  produce  this  salt,  the  preparation  of 
which  on  the  large  scale  has  been  noticed  at  p.  124.  It  is  also  some- 
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times  made  by  subliming  a mixture  of  ammonium  sulphate  with  com- 
mon salt;  (NEQ2S04  + 2NaCl  = aNH4Cl  + Na2S04 ; or  by  boiling  the 
ammoniacal  liquor  from  the  gas-works  with  lime  and  passing  the  NH 
into  HC1,  when  impure  crystals  of  NH4C1  are  obtained,  which  are 
purified  by  sublimation  from  an  iron  pan  into  an  iron  dome.  Its  com- 
mercial form  is  that  of  a very  tough  translucent  fibrous  mass,  generally 
of  the  dome-like  shape  of  the  receivers,  and  often  striped  with  brown, 
from  the  presence  of  a little  iron.  It  has  not  the  least  smell  of  am- 
monia, and  is  very  soluble  in  water,  requiring  about  three  parts  of  cold 
water,  and  little  more  than  its  own  weight  of  boiling  water.  As  the 
hot  solution  cools,  it  deposits  beautiful  fern-like  crystallisations  com- 
posed of  minute  cubes  and  octahedra.  The  liquefaction  of  sal  ammo- 
niac in  water  lowers  the  temperature  very  considerably,  which  renders 
the  salt  very  useful  in  freezing  mixtures.  A mixture  of  equal  weights 
of  sal  ammoniac  and  nitre,  dissolved  in  its  own  weight  of  water,  lowers 
the  temperature  of  the  latter  from  50 0 E.  to  io°.  In  this  case  partial 
decomposition  takes  place,  resulting  in  the  production  of  potassium 
chloride  and  ammonium  nitrate,  both  of  which  absorb  much  heat 
whilst  being  dissolved  by  water.  The  solution  of  ammonium  chloride 
in  water  is  slightly  acid  to  blue  litmus -paper.  When  sal  ammoniac 
is  heated,  it  passes  off  in  vapour,  at  a temperature  below  redness, 
without  previously  fusing ; the  vapour  forms  thick  white  clouds  in 
the  air,  and  may  be  recondensed  as  a white  crust  upon  a cold  sur- 
face ; but  it  cannot  be  sublimed  without  some  loss,  a portion  being 
decomposed  into  hydrochloric  acid,  hydrogen,  and  nitrogen. 

The  specific  gravity  (weight  of  1 volume)  of  the  vapour  of  sal 
ammoniac  is  13.3  times  that  of  hydrogen,  so  that  53.5  parts,  or  one 
molecule,  would  appear  to  occupy  4 volumes  instead  of  2,  but  this 
may  be  explained  by  supposing  a temporary  dissociation  of  the 
hydrochloric  acid  and  ammonia  when  the  salt  is  converted  into 
vapour,  so  that  the  observed  specific  gravity  is  really  that  of  a mix- 
ture of  equal  volumes  of  these  constituent  gases.  Experimental  evi- 
clence  has  been  obtained  in  support  of  this  view,  for  it  has  been 
tound  that  free  ammonia  and  hydrochloric  acid  may  be  separated  by 
collusion  trom  the  vapour  obtained  on  heating  ammonium  chloride. 

tnhp  k0,  S*10''rn  by  placing  a fragment  of  sal  ammoniac  in  a narrow  test- 

naner  Hp  ni  ? m °f  asbestos  at  a little  distance  above  it ; if  a piece  of  red  litmus- 
th?  asbes?oTe<Hmt  lt,Wl11  be  found-  011  heating  the  sal  ammoniac  and 

astestoT  nnrl  m x?®  beinS  bghter,  diffuses  most  rapidly  through  the 

diffuses  thronCThUeS  *be  red  htmiis,  but  soon  afterwards  the  hydrochloric  acid 
amuses  thiougli,  and  the  litmus  is  again  reddened. 

Moreover,  the  heat  which  becomes  latent  or  is  absorbed  in  vaporising 
tne  sal  ammoniac,  is  almost  exactly  that  which  is  prodicced  by  the  com- 
bination of  the  hydrochloric  acid  and  ammonia. 

W hen  ammonium  chloride  is  heated  with  metallic  oxides,  the  hydro- 
chloric acid  often  converts  the  oxide  into  a chloride  which  is  either 
usi  e 01  vo  atile,  so  that  sal  ammoniac  is  often  employed  for  cleansing 
the  surfaces  of  metals  previously  to  soldering  them.  Even  those  metallic 
-'ices  which  are  destitute  of  basic  properties,  such  as  antimonic  and 
annic.  oxides,  are  convertible  into  chlorides  by  the  action  of  sal 
ammoniac  at  a high  temperature. 

vem-rr^  C?!°nde  is  found  in  volcanic  districts,  and  is  present  in 

y small  quantity  111  sea  water. 

190.  Eydroaulphate  of  ammonia,  (sNHJH.S,  or  ammonium  sulphide 


272 


LITHIUM. 


(NH4)2S,  has  been  obtained  in  colourless  crystals  by  mixing  bydrosul- 
phuric  acid  gas  with  twice  its  volume  of  ammonia  gas  in  a vessel  cooled 
by  a mixture  of  ice  and  salt.  It  is  a very  unstable  compound,  decom- 
posing at  the  ordinary  temperature  of  the  air  into  free  ammonia  and 
ammonium  hydrosulphide,  NH4HS,  which  may  be  obtained  in  very 
volatile  colourless  needles  by  passing  equal  volumes  of  NH3  and  H2S 
into  a vessel  cooled  in  ice,  or  by  passing  H,S  gas  into  an  alcoholic  solution 
of  ammonia,  when  it  crystallises  in  colourless  plates  which  undergo 
dissociation  into  NH3  and  IT2S  when  vaporised.  When  a solution  of 
ammonia  is  saturated  with  hydric  sulphide,  a colourless  solution  of 
the  ammonium  hydrosulphide  (Is  11,118)  is  formed.  The  solution  soon 
becomes  yellow  in  contact  with  the  air,  from  the  formation  of  ammonium 
disidphide,  (NH  )„Sa,  ammonium  thiosulphate  being  formed  at  the  same 
time ; 4NH4HS  + 05  = (NH4)2S2  + (NH4)2S203  + 2H20.  Eventually,  the 
solution  deposits  sulphur  and  becomes  colourless,  thiosulphate,  sulphite, 
and  sulphate  of  ammonium  being  formed.  When  the  freshly  prepared 
colourless  solution  of  ammonium  hydrosulphide  is  mixed  with  an  acid, 
the  solution  remains  clear,  hydrosulphuric  acid  being  evolved  with  effer- 
vescence ; NH4HS  + HC1  = NHjCl  + H,S  ; but  if  the  solution  be  yellow, 
a milky  precipitate  of  sulphur  is  produced,  from  the  decomposition  of  the 
ammonium  disulphide ; (NH4)2S2  + 2 HC1  = 2NH4C1  + H,S  + S. . 

The  fresh  solution  gives  a black  precipitate  of  lead  sulphide  when 
solution  of  lead  acetate  is  added  to  it,  but  after  it  has  been  kept  till  it 
is  of  a dark  yellow  or  red  colour,  it  gives  a red  precipitate  of  the.  per- 
sulphide of  lead.  Solution  of  ammonium  sulphide,  prepared  by  mixing 
the  hydrosulphide  with  an  equal  volume  of  solution  of  ammonia,  is 
largely  employed  in  analytical  chemistry;  NH4HS  + NHg=  (NH4)2S. 
The  solution  has  a very  disagreeable  odour. 

Ammonium  disulphide  is  obtained  in  deliquescent  yellow  crystals,  when  a 
mixture  of  ammonia  gas  with  vapour  of  sulphur  is  passed  through  a red-hot 
porcelain  tube.  It  is  the  chief  constituent  of  Boyle’s  fuming  liquor,  a fetid 
yellow  liquid  obtained  by  distilling  sal  ammoniac  with  sulphur  and  . lime  The 
disulphide  is  sometimes  deposited  in  yellow  crystals  from  this  liquid.  By  dis- 
solving sulphur  in  ammonium  disulphide,  orange-yellow  prismatic  crystals  ot 
ammonium  pentasulphide,  (NH4)2S5,  may  be  obtained.  (NH4)„S4  and  (NH4)2S7  have 

been  crystallised.  4 , * 

It  is  scarcely  possible  to  represent  the  constitution  of  the  higher  sulphides  of 

ammonium  except  on  the  ammonium  hypothesis. 

Ammonium  bromide  (NH4Br)  and  ammonium  iodide  (NH4I)  are  useful  m pho- 
tography. They  are  both  colourless  crystalline  salts,  but  the  iodide  is  very  liable 
to  become  yellow  or  brown,  from  the  separation  of  iodine,  unless  kept  dry  and  in 
the  dark.  Both  salts  are  extremely  soluble  in  water.  . 

Microcosmic  salt,  or  phosphorus  salt,  or  hydro-sodio-ammonium  phosphate, 
HNaNH  PO  -4Aq,  is  found  in  putrid  urine  and  in  guano.  It  is  prepared  by 
mixing  hot  strong  solutions  of  ammonium  chloride  and  sodium  phosphate— 
Na2HP04  + NH.C1  = HNaNH4P04  + NaCl. 

It  forms  prismatic  crystals  which  are  very  soluble  and  fusible,  boiling  violently 
when  further  heated,  and  finally  leaving  a transparent  glass  of  sodium  meta- 
phosphate, which  is  valuable  in  blowpipe  work  for  dissolving  metallic  oxides , 

is  a comparatively  rare  metal,  obtained 
chiefly  from  the  minerals  lepidolite  (X«r is,  a scale)  or  hthia-mica  containing  silicate 
of  alumina  with  fluorides  of  potassium  and  lithium ; petahte  a leaf), 

silicate  of  soda  lithia,  and  alumina ; and  tnphane  or  spodumene  (<nr odbs,  as/tes), 
which  has  a similar  composition.  Its  name  (from  hides,  a stone)  was  bestowed 
imLr+w  it  existed  only  in  the  mineral  kingdom,  but  recent  investiga- 
tion has  detected  it  in  minute  proportion  in  the  ashes  of  tobacco  and  other  plants. 
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The  water  of  a hot  spring  in  Clifford  United  Mines,  in  Cornwall,  contains  26  trains 
of  lithium  chloride  per  gallon.  0 

Metallic  lithium  is  obtained  by  decomposing  fused  lithium  chloride  by  a gal- 
vanic current.  It  is  remarkable  as  the  lightest  of  the  solid  elements  (sp.  gr  o eg) 
It  bears  a general  resemblance  to  potassium  and  sodium,  but  it  is  harder  and' less 
easily  oxidised  than  those  metals.  It  decomposes  water  rapidly  at  the  ordinary 
temperature,  but  does  not  inflame  upon  it.  J 

Lithium  differs  from  potassium  and  sodium  by  forming  a sparingly  soluble 
phosphate  (Li3P04)  and  carbonate  (Li2C03).  The  compounds  of  lithium  impart  a 
red  colour  to  the  flame  of  the  blowpipe  (p.  257). 

Lithium  carbonate  is  occasionally  employed  medicinally. 

Rubidium  (Rb'  = 8s  parts  by  weight)  and  Cjesium  (Cs'=i33  parts  by  weight) 
were  discovered  in  i860,  by  Bunsen  and  Kirchhoff,  during  the  analysis  of  a certain 
spring  water  which  contained  these  metals  in  so  minute  quantity  (2  or  3 grs  in 
a ton)  that  they  would  certainly  have  escaped  observation  if  the  analysis  had 
been  conducted  in  the  ordinary  way.  The  discovery  of  these  metals  as  well  as 
of  three  others  (thallium,  indium,  gallium)  to  be  mentioned  hereafter,  was  the 
result  of  the  application  of  the  method  of  spectrum  analysis,  of  which  a brief 
description  is  here  given,  although  the  discussion  of  the  optical  principles  upon 
which  it  depends  would  be  misplaced  in  a chemical  work. 

192.  Spectrum  analysis.  It  lias  been  mentioned  above  tbat  compounds 
of  potassium,  sodium,  and  lithium  impart,  respectively,  lilac,  yellow,  and 
red  colours  to  the  blowpipe  flame  (or  air-gas  flame,  see  p.  107),  or  in 
other  words,  that  the  highly  heated  vapours  of  the  metals  evolve 
luminous  rays  of  these  particular  colours.  When  the  quantity  of  the 
metal  is  extremely  minute,  and  its  peculiar  luminous  rays  proportionally 
scanty,  their  colour  may  very  easily  escape  notice,  especially  if  two  or 
three  metals  are  present  in 
the  flame  at  the  same  time. 

But  if  the  light  emanating 
from  the  flame  be  allowed  to 
pass  through  a narrow  slit 
at  A (fig.  226),  collected  by  a 
lens,  and  transmitted  through 
a prism  of  flint  glass  or 
through  a hollow  prism  (B) 
filled  with  carbon  disulphide, 
all  the  rays  of  one  colour  will 
be  refracted  in  a definite 
direction,  so  that  an  observer 


Fig.  226.  — Spectroscope. 


roug  the  telescope  at  C will  perceive  as  many  images  of  the  slit 
as  eie  aie  co  ouis  in  the  flame.  The  ordinary  flame  of  a gas  burner, 
enn  mg  a w ite  light,  will  give  a continuous  spectrum  composed  of 
l°' m the  slit  in  all  the  colours  which  make  up  white 
f 0 .’  u , a Bunsen  flame  be  employed,  a single  image  will  be  seen, 

ormmg  a mg  it  yellow  line  in  the  place  where  the  brightest  yellow  was 
seen  in  ie  continuous  spectrum ; this  line  is  due  to  the  presence  of  a 
e so  .lum  in  the  flame,  from  the  dust  in  the  air,  and  it  becomes  very 
1 a.  ttle  sodium  chloride  be  held  in  the  flame  on  a loop  of 

p a mum  wire.  Heated  sodium  vapour  emits  yellow  light  only,  but 
lo.s  o iei  metallic  vapours  emit  light  composed  of  more  than  one 
so  ia,t  they  give  two  or  more  coloured  images  of  the  slit  in 
®ren  .Pf^'t®  °t  the  spectrum  ( bright  line  spectrum).  The  heated 
Q t U1.  0 ithium  emits  a mixture  of  red  with  a few  yellow  rays  and 

bright1 1?  y\  t c 6 sV*ctr™  of  a flame  containing  lithium  exhibits  a’ very 
a and  of  red  light,  and  a comparatively  dull  band  of  yellow  light, 
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the  red  band  being  characteristic  of  lithium.  The  potassium  flame  emits 
a mixture  of  blue  and  red  rays,  so  that  its  spectrum  exhibits  a distinct 
red  band  of  a darker  colour  than  the  lithium  band,  and  a feeble  violet 
hand.  The  spectroscope,  has  now  taken  its  place  among  the  apparatus 
indispensable  to  the  analytical  chemist.  The  prism  B may  be  slowly 
moved  round  by  a handle  attached  to  a stage  on  which  it  rests,  in  oidei 
that  the  different  parts  of  the  spectrum  may  be  successively  brought 
into  sight.  By  comparing  the  spectra  of  the  flames  containing  vapours 
of  the  metals  with  a picture  or  map  of  the  solar  spectrum  (fig.  227),  the 


Pig.  227. 

exact  position  of  the  various  coloured  hands  may  be  noted,  and  thus,  if 
several  metals  are  present  in  the  same  flame  they  may  still  he  dis- 
tinguished by  the  colours  and  positions  of  their  hands.  Thus  if  a 
mixture  of  the  chlorides  of  potassium,  sodium,  and  lithium  be  taken 
npona  loop  of  platinum  wire  and  held  in  the  flame  the  dull  red  line  of 
potassium  (K,  fig.  227)  is  seen  close  to  one  end  of  the  spectium  a 
some  distance  from  it  the  bright  red  band  (L)  of  lithium;  at  about  the 
p distance  from  this,  the  pale  yellow  lithium  line ; and  close  to  this, 
^"llow  band  of  sodium  (Ha);  whilst  near  the  other  end  o 
the  spectrum  is  the  feeble  violet  band  of  potassium  (Jc).  The  chlorides 
of  the  metals  are  most  suitable  for  this  experiment  on  account  of  then 

e^Sm^spectrim.—\ Several  metals  which  do  not  yield  a characteristic 

specCitiTn  the  air-gas  flame  will  do  so  at  the  much  hrgher  tempera  ure 
? pi pf. trie  spark,  which  decomposes  the  compounds  of  the  mete  , 

oLvort Xe nXl into  vapour,  and  renders  the  vapour  incandescent, 
p introducing  the  material  under  examination  into  the  apparent  y 
“ . rvTi’k  between  the  terminals  of  an  induction-coil  (p.  12), 

continuous  spa  b t narrow  opening  of  the  spectroscope, 

r of  bright  lines  may  be  measured,  and  the  metal  identi- 

the  positioii  oi  t g employ  platinum  or  aluminium  wires  as 

r teimi^f  thS-d  to  moisten  them  with  the  solution  of  the 

SubSta“Ce  ™der  examinati0“  “ 
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Fig.  228. — Radiant  matter  bulb. 
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placed  in  a glass  bulb,  in  the  walls  of  which  are  sealed  two  platinum  wires 
to  serve  as  electrodes  ; these  are  situated  near  to  the  opposite  openings  of 
the  bulb  into  the  tube  on  which  it  is  blown.  One  of  the  outer  openings 
of  this  tube  is  hermetically  sealed,  and 
the  other  is  drawn  out  to  a capillary 
neck,  by  which  it  may  be  connected  with 
a Sprengel  air-pump,  and  exhausted  till 
the  vacuum  is  nearly  perfect,  when  it  is 
also  hermetically  sealed.  On  connecting 
the  platinum  wires  with  the  terminals 
of  an  induction-coil,  the  bulb  becomes  illuminated  by  the  discharge,  and 
the  substance,  if  a proper  subject  for  the  experiment, glows  with  a phos- 
phorescent light,  and,  viewed  through  a spectroscope,  exhibits  some 
bright  bands  in  the  spectrum,  from  the  colour  and  position  of  which 
the  substance  may  be  identified.  By  this  method,  Crookes  detected 
yttrium  in  very  minute  quantity  in  a large  number  of  minerals  by  the 
citron-coloiu*ed  band  visible  between  the  green  and  yellow  in  the  phos- 
phorescence-spectrum of  their  sulphates  ; another  very  rare  metal,  sama- 
rium, Avas  indicated  by  an  orange  band,  seen  under  similar  conditions. 

When  examining,  with  the  spectroscope,  the  alkaline  chlorides  extracted  from 
the  spring  water  above  alluded  to,  Bunsen  ahd  Kirchhoff  observed  two  red  and  two 
blue  bands  in  the  spectrum,  which  they  could  not  ascribe  to  any  known  substance 
and  which  they  ultimately  traced  to  the  two  new  metals,  rubidium  (rubidus, 
daik-red)  and  caesium  (ccesius,  sky-blue).  ' 

Rubidium  has  since  been  found  in  small  quantity  in  other  mineral  waters,  in 
lepidolite,  and  in  the  ashes  of  many  plants.  This  metal  is  closely  related  in  pro- 
perties to  potassium,  but  is  more  easily  fusible  and  convertible  into  vapour,  and 
actuaHy  surpasses  that  metal  in  its  attraction  for  oxygen,  rubidium  taking  fire 
m.  an'-  Ifc  bu™f  °n  water  with  exactly  the  same  flame  as  potas- 

5fh  V ? f6  1S  a P0™euful  alkah>  hke  P°tash-  and  salts  are  isomorphous 
evS  l „ of  potassium.  The  double  chloride  of  platinum  and  potassium,  how- 

rnbfdinm  uime-f  iaS  S°lub  ® m b°lbng  water  as  the  corresponding  salt  of 
rubidium,  which  is  taken  advantage  of  in  separating  these  two  allied  metals 

. rrm,?P?earS  t0  be  even  more  hjghly  electro-positive  than  rubidium,  forming 
a strong  alkali,  emsmm  hydrate,  and  salts  which  are  isomorphous  with  those  of 
™'  Cnsmm  carbonate,  however,  is  soluble  in  alcohol,  which  does  not 
6 carbouates  of  potassium  and  rubidium.  Moreover,  the  caesium 
bitartrate  is  nine  times  as  soluble  m water  as  the  rubidium  bitartrate. 

Uesium  has  been  found  in  lepidolite  ; and  the  rare  mineral  pollux  found  in 
E ba  and  resembhng  feispar  in  composition,  is  said  to  contain  a very  large  quan- 

“ °f  S1S  m.efcab  Phe  alam  of  the  island  of  Vulcano  is  mentioned  as  a rich 
source  01  caesium  and  rubidium. 

cannot  be  obtained  by  reduction  with  carbon,  but  it  has 
been  exti  acted  by  decomposing  its  cyanide  by  the  galvanic  current. 

T9o;  General  review  of  the  group)  of  alkali  metals. — Caesium,  rubidium, 
po  assiurn,  sodium,  and  lithium  constitute  a group  of  elements  con- 
spicuous for  their  highly  electro-positive  character,  the  powerfully 
alkaline  nature  of  their  hydrates,  and  the  general  solubility  of  their 
ff  S‘  p ieir  chemical  characters  and  functions  are  directly  opposite  to 
those  of  the  electro-negative  group  containing  fluorine,  chlorine,  bromine, 
an  iodine,  and,  like  those  elements,  they  exhibit  a gradation  of  pro- 
perties. Thus,  ernsium  appears  to  be  the  most  highly  electro-positive 
mem  iei , rubidium  the  next,  then  potassium  and  sodium,  whilst  lithium 
!Sf  h'6  eh'ctro-p°sitive  ; and  just  as  iodine,  the  least  electro-negative 
> ie  lalogens,  possesses  the  highest  atomic  number,  so  ciesium,  the  least 
e ec  io-negative  (or  most  electro-positive)  of  the  alkali-metals,  has  a higher 
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atomic  weight  than  any  other  member  of  this,  group,  them  atomic- 
weights  being  represented  by  the  numbers,  csesium,  133;  rubidium, 
85.3  : potassium,  39;  sodium,  23;  lithium,  7.  As  in  the  case  of  the 
halogens  also,  these  are  all  univalent  elements.  Just  as  chlorine  is 
accepted  as  the  representative  of  chlorous  radicals,  so  potassium  is  com- 
monly regarded  as  the  type  of  basylous  radicals,  the  term  radical  being 
applied  to  all  substances,  whether  elementary  or  compound,  which  are 
capable  of  being  transferred,  like  chlorine  or  potassium,  from  one  com- 
pound to  another  without  suffering  decomposition. 

Some  of  the  physical  properties  of  these  elements  exhibit  a gradation 
in  the  same  order  as  their  atomic  weights ; thus  csesium. fuses  at  27  O.,. 
rubidium  at  38°,  potassium  at  63°,  sodium  at  97  , and  lithium  at  180  j 
at  ordinary  temperatures,  rubidium  is  the  softest,  and  lithium  t e 

hardest  of  these  metals.  , , , . . , , , , ^ 

In  some  of  their  salts  a similar  gradational  relation  is. observed  , the 

carbonates,  for  example,  of  csesium,  rubidium,  and  potassium  are  highly 
deliquescent,  absorbing  water  greedily  from  the  air,,  while  carbonate  of 
sodium  is  not  deliquescent,  and  carbonate  of  lithium  is  sparingly  soluble 
in  water.  The  difficult  solubility  of  the  carbonate  and  phosphate,  of 
lithium  constitutes  the  connecting  link  between  this  and  the  succeeding 
group  of  metals,  the  carbonates  and  phosphates  of  which  are  insoluble 

in  water. 

BARIUM. 

Ba"  = 137  parts  by  weight. 

104  Barium,  so  named  from  the  great  weight  of.  its  compounds 
(paote,  heavy),  is  found  in  considerable  abundance  m the  north  of 
England,  in  two  minerals  known  as  Withente  (barium  carbonate,  BaC03) 
and  heavy  spar  (barium  sulphate,  BaSO  j.  Witlierite  is  found  in  large 
masses  in  the  lead -mines  at  Alston  Moor,  and  at  Anglesark  111  Lanca- 
shire It  is  said  to  be  used  for  poisoning  rats,  and  was  originally  mis- 
taken, on  account  of  its  great  weight,  for  an  ore  of  lead. 

The  metal  itself  is  obtained 'by  decomposing  fused  barium  chlonde  bj 
the  galvanic  current,  or  by  sodium.  It  is  a pale  yellow  malleable  metal 
of  sp.  gr.  about  4,  which  is  easily  oxidised  by  air,  and  rapidly  decom 
poses  water  at  common  temperatures.  It  requires  a high  temperatuie 

*°  Such  compounds  of  barium  as  are  used  in  the  arts  are  cliieBy  prepared 
from  heavy  spar  or  barium  sulphate,  which  is  remarkable  foi  its  in 
solubility  in  water  and  acids.  In  order  to  prepare  other  compounds  of 
barium  from  this  refractory  mineral,  it  is  ground  to  powder  and  strongly 
J contact  with  charcoal  or  some  other  carbonaceous  substance, 
whiclf  removed  the  oxygen  from  the  — in  the  form  of  — 
oxide  and  converts  it  into  barium  sulphide;  BaS04  + C - 4<-U  + Bab. 
TMs  latter  compound,  being  soluble  in  water,  can  be  readily  converted 

“The  artSl Sit  which  is  used  by  painters,  instead  of 

white  lead  undei  tne j the  of  barium  sulphlde 

wHhlfilute^ sulphuric  acid,  when  the  barium  sulphate  separates  as  a 
white  precipitate,  which  is  « M 
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The  artificial  barium  carbonate,  which  is  used  in  the  manufacture  of 
some  kinds  of  glass,  is  prepared  by  passing  carbonic  acid  gas  through 
a solution  of  barium  sulphide,  when  the  carbonate  is  precipitated; 
BaS  + IT,0  + CO,  = H2S  + BaCOs. 

In  preparing  compounds  of  barium  from  heavy  spar  on  the  small  scale,  it  is 
better  to  convert  the  sulphate  into  barium  carbonate.  50  grs.  of  the  finely 
powdered  sulphate  are  mixed  with  100  grs.  of  dried  sodium  carbonate,  600  grs. 
of  powdered  nitre,  and  100  grs.  of  very  finely  powdered  charcoal.  The  mixture 
is  placed  on  a heap  upon  a brick  or  iron  plate,  and  kindled  with  a match,  when 
the  heat  evolved  by  the  combustion  of  the  charcoal  in  the  oxygen  of  the  nitre 
fuses  the  barium  sulphate  with  the  sodium  carbonate,  when  they  are  decomposed 
into  barium  carbonate  and  sodium  sulphate;  BaS01  + Na2C03  = Na2S0,1  + BaC03. 
The  fused  mass  is  thrown  into  boiling  water,  which  dissolves  the  sodium  sulphate 
and  leaves  the  barium  carbonate.  The  latter  may  be  allowed  to  settle,  and 
washed  several  times,  by  decantation,  with  distilled  water,  until  the  washings  no 
longer  yield  a precipitate  with  barium  chloride,  showing  that  the  whole  of  the 
sodium  sulphate  has  been  washed  away  and  pure  barium  carbonate  remains. 

Baryta,  BaO,  may  be  obtained  by  strongly  heating  a mixture  of 
barium  carbonate  and  charcoal;  BaCOs  + G — BaO  + 2 CO.  It  is  a heavy 
grey  solid  which  combines  with  water  with  great  evolution  of  heat  to 
form  barium  hydrate. 

Barium  dioxide  or  peroxide,  BaO,,  is  obtained  by  heating  BaO  in  dry 
air  or  oxygen.  It  is  also  precipitated  as  a crystalline  aquate,  BaO„.8Aq. 
when  hydric  peroxide  is  added  to  solution  of  barium  hydrate.  When 
BaO,  is  dissolved  in  cold  diluted  acids,  it  yields  a solution  of  hydric 
peroxide ; BaO,  + 2HCI  = BaCl2  + H,0,. 

Barium  hydrate,  Ba(HO),,  may  be  prepared  by  passing  C02  and 
steam  over  barium  sulphide  at  a red  heat,  and  decomposing  the 
carbonate  thus  produced  by  a current  of  superheated  steam;  (1) 
BaS  + CO,  + H,0  = BaCOs  + H,S ; (2 ) BaCOs  + H,0  = Ba (10),  + CO,. 
It  dissolves  in  "boiling  water,  and  crystallises  in  prisms.  Crystallised 
barium  hydrate  may  be  procured  by  adding  4 oz.  (or  113  grms.)  of  the 
powdered  barium  nitrate  to  12  oz.  (or  340  c.c. ) of  a boiling  solution  of 
sodium  hydrate  of  sp.  gr.  1.13 — prepared  by  dissolving  3 oz.  (or  85  grms.) 
of  commercial  sodium  hydrate  in  20  measured  oz.  (or  567  c.c.)  of 
water ; the  solution  becomes  turbid  from  the  separation  of  barium  car- 
bonate produced  from  the  sodium  carbonate  in  the  hydrate ; it  is  boiled 
for  some  minutes  and  then  filtered ; on  partial  cooling,  some  crystals  of 
undecomposed  barium  nitrate  are  deposited,  and  if  the  clear  liquid  be 
poured  oft  into  another  vessel  and  stirred,  it  deposits  abundant  crystals 
of  barium  hydrate  having  the  composition  Ba(HO),.8Aq ; these  effloresce 
and  become  opaque  when  exposed  to  air,  becoming  Ba(HO),.Aq ; when 
heated  to  redness,  they  become  pure  barium  hydrate,  Ba(HO),,  which 
fuses,  but  is  not  decomposed  when  further  heated.  The  hydrate  is 
moderately  soluble  in  water,  the  solution  being  strongly  alkaline  and 
absorbing  carbonic  acid  gas  from  the  air,  depositing  barium  carbonate. 

Barium  carbonate,  BaC03,  or  Witherite,  has  the  sp.  gr.  4.3.  It  may 
be  prepared  by  precipitating  barium  chloride  with  sodium  carbonate. 
It  is  very  insoluble  in  water,  and  is  not  decomposed  by  a red  heat. 

Barium ' chloride,  which  is  the  barium  compound  most  commonly 
employed  in  the  laboratory,  may  be  obtained  by  dissolving  the  carbonate 
m diluted  hydrochloric  acid,  and  evaporating  the  solution ; on  cooling, 
the  chloride  is  deposited  in  tabular  crystals,  BaCl2.2Aq. 

On  the  large  scale,  it  is  generally  manufactured  by  fusing  heavy  spar 
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(barium  sulphate)  with  calcium  chloride  (the  residue  from  the  prepara- 
tion of  ammonia,  see  p.  124)  in  a reverberatory  furnace,  BaS04  + CaCl,  = 
CaS04  + BaCl„.  The  mass  is  rapidly  extracted  with  hot  water,  which 
leaves  the  calcium  sulphate  undissolved,  and  the  clear  solution  of  barium 
chloride  is  decanted  and  evaporated.  If  the  calcium  sulphate  and 
barium  chloride  were  allowed  to  remain  long  together  in  contact  with 
the  water,  barium  sulphate  and  calcium  chloride  would  be  reproduced. 
This  process  has  been  improved  by  adding  chalk  and  coal-dust  to 
the  mixture,  when  (1)  BaS04  + C4  = BaS  + 4CO  ; (2)  BaS  + CaCl2  = 
BaCl2  + CaS.  The  calcium  sulphide  forms  an  insoluble  compound  with 
the  lime  from  the  chalk. 

Barium  chloride  is  easily  soluble  in  water,  but  insoluble  in  alcohol 
and  in  strong  acids.  Barium  bromide  is  soluble  in  alcohol. 

Barium  nitrate,  Ba(N03)2,  is  obtained  by  dissolving  the  carbonate  in 
diluted  nitric  acid,  and  evaporating  the  solution,  when  octahedral  crystals, 
of  the  nitrate  are  deposited.  It  is  an  ingredient  in  some  kinds  of 
blasting  powder  used  by  miners.  If  barium  nitrate  be  heated  in  a 
porcelain  crucible,  it  fuses  and  is  decomposed,  leaving  a grey  porous 
mass  of  baryta ;*  Ba(N03)2  = BaO  + 2NO,  + 0. 

Barium  chlorate,  Ba(Ci03)2,  is  employed  in  the  manufacture  of  fire- 
works, being  prepared  for  that  purpose  by  dissolving  the  artificial  barium 
carbonate  in  solution  of  chloric  acid ; it  forms  beautiful  shining  tabular- 
crystals.  When  mixed  with  combustible  substances,  such  as  charcoal 
and  sulphur,  it  imparts  a brilliant  green  colour  to  the  flame  of  the 
burning  mixture  (see  p.  165). 

Barium  sulphate,  BaS04,  found  as  heavy  spar  or  cawk,  has  the  sp.  gr, 
4.5.  It  is  precipitated  whenever  sulphates  and  barium-salts  meet  in 
solution.  It  is  remarkable  for  its  insolubility  in  water  and  acids,  and 
is  the  form  in  which  either  barium  or  sulphur  is  determined  in  quanti- 
tative analysis.  It  dissolves  in  hot  strong  IT2S04,  and  the  solution,  on 
cooling,  deposits  crystals  of  acid  barium  sulphate,  BaH2(S04)2. 

Barium  sulphide,  BaS,  prepared  as  described  above,  dissolves  in 
water  with  decomposition,  yielding  barium  hydrate  and  sulphydrate 
2 BaS  + 2 H20  = Ba(HO)2  + Ba(ITS)2.  It  has  the  property  of  shining  in 
the  dark  after  it  has  been  exposed  to  the  action  of  light. 

STRONTIUM. 

Sr"  = 87.5  parts  by  weight. 

195.  Strontium  is  less  abundant  than  barium,  and  occurs  in  nature- 
in  similar  forms  of  combination.  Strontianite,  the  strontium  carbonate- 
(SrC03),  was  first  discovered  in  the  lead-mines  of  Strontian  in  Argyle- 
shire,  and  has  since  been  found  in  small  quantity  in  some  mineral 

waters.  . 

Celestine  (so  called  from  the  blue  tint  of  many  specimens!)  is  the 
strontium  sulphate  (SrSOj,  and  is  found  in  beautiful  crystals  associated 
with  the  native  sulphur  in  Sicily.  It  is  also  met  with  in  this  country,, 
and  is  the  source  from  which  the  strontium  nitrate  employed  in  firework 
compositions  is  derived.  The  strontium  sulphate  resembles  barium 
sulphate  with  respect  to  its  insolubility,  and  is  converted  into  the 

* Containing,  according  to  Raramelsberg,  much  barium  peroxide, 
t Said  to  bo  due  to  the  prosenco  of  ferroso-ferric  phosphate. 
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soluble  strontium  sulphide  (SrS)  by  calcination  with  carbonaceous  matter. 
The  solution  of  strontium  sulphide  so  obtained  is  decomposed  by  nitric 
acid,  and  the  strontium  nitrate  crystallised  from  the  solution.  It  has 
the  property  of  imparting  a magnificent  crimson  colour  to  flames,  and 
is  hence  largely  used  for  the  preparation  of  red  theatrical  fire  (see 
p.  164). 

The  metal  itself  is  prepared  in  a similar  manner  to  metallic  barium,* 
which  it  much  resembles,  but  is  lighter  (sp.  gr.  2.54)  and  more  fusible. 
It  burns,  when  heated  in  air,  with  a crimson  flame. 

Strontia,  SrO,  resembles  BaO,  but  does  not  absorb  0 when  heated. 

Strontium  dioxide,  SrO.„  is  precipitated,  in  combination  with  water, 
when  a solution  of  strontia  in  water  is  mixed  with  hydric  peroxide. 

Strontium  hydrate,  Sr(TIO)2,  is  made  on  the  large  scale  by  heating 
the  native  strontium  sulphate  with  brown  iron  ore  (ferric  hydrate)  and 
coal-dust.  On  treating  the  product  with  water,  ferrous  sulphide  remains 
undissolved,  and  strontium  hydrate  passes  into  solution.  It  is  used  in 
sugar  refining. 

Strontium  hydrate  is  less  soluble  than  barium  hydrate,  and  is  con- 
verted into  SrO  by  heat. 

Strontium  nitrate,  Sr(N03)2,  may  be  prepared  by  dissolving  strontianite 
in  nitric  acid.  It  crystallises  from  hot  strong  solutions  in  anhydrous 
octaliedra.  Cold  solutions  deposit  prisms  of  Sr(N03)2.4Aq.  (Barium 
nitrate  is  always  anhydrous.)  Strontium  nitrate  is  easily  soluble  in 
water,  but  insoluble  in  alcohol. 

Strontium  chloride,  SrCl2,  differs  from  BaUl.,  in  being  deliquescent 
and  soluble  in  alcohol.  It  crystallises  in  prisms,  instead  of  tables,  which 
are  SrCl,.6Aq. 

Strontium  sulphate,  SrS04,  is  not  so  heavy  as  BaSO, ; sp.  gr.  3.  It 
is  slightly  soluble  in  water,  and  is  easily  converted  into  SrC03  by  alka- 
line carbonates,  in  the  cold,  which  is  not  the  case  with  BaSO  . 

CALCIUM. 

Ca" =40  parts  by  weight. 

196.  No  other  metal  is  so  largely  employed  in  a state  of  combination 
as  calcium,  for  its  oxide,  lime  (CaO),  occupies  among  bases  much  the 
same  position  as  that  which  sulphuric  acid  holds  among  the  acids,  and 
is  used,  directly  or  indirectly,  in  most  of  the  arts  and  manufactures. 

Like  barium  and  strontium,  it  is  found,  though  far  more  abundantly 
than  these,  in  the  mineral  kingdom,  in  the  forms  of  carbonate  and  sul- 
phate, but  it  also  occurs  in  large  quantity  as  calcium  fluoride  (p.  179), 
and  less  frequently  in  the  form  of  phosphate  (p.  220).  Calcium,  more- 
over, is  found  in  all  animals  and  vegetables,  and  its  presence  in  their 
food,  in  one  form  or  other,  is  an  essential  condition  of  their  existence. 

Metallic  calcium  may  be  obtained  by  decomposing  fused  calcium  iodide 
with  metallic  sodium.  It  has  a light  golden-yellow  colour,  is  harder 
than  lead,  and  veiy  malleable ; it  oxidises  slowly  in  air  at  the  ordinary 
temperature,  but,  when  heated  to  redness,  it  fuses  and  burns  with  a very 
brilliant  white  light,  being  converted  into  lime  (calx).  It  decomposes 

- Strontium  lifts  been  made  in  quantity  by  distilling  strontium  amalgam  in  hydrogen, 
-ine  amalgam  was  prepared  by  the  action  of  sodium-amalgam  on  a saturated  solution  of 
strontium  chloride. 
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water  at  the  ordinary  temperature.  It  is  lighter  than  barium  and 
strontium,  its  specific  gravity  being  1.58,  and  it  is  more  easily  fused. 

Carbonate  of  lime,  or  Calcium  carbonate  (CaO.C02  or  CaC03), 
from  which  all  the  manufactured  compounds  of  lime  are  derived,  consti- 
tutes the  different  varieties  of  limestone  which  are  met  with  in  such 
abundance. 

Limestones  and  chalk  are  simply  calcium  carbonate  in  an  amorphous 
or  uncrystallised  state.  The  oolite  limestone,  of  which  the  Bath  and 
Portland  building-stones  are  composed,  is  so  called  from  its  resemblance 
to  the  roe  of  fish  (<bdv,  an  egg).  Marble,  in  its  different  varieties,  is 
an  assemblage  of  minute  crystalline  grains  of  calcium  carbonate,  some- 
times variegated  by  the  presence  of  oxides  of  iron  and  manganese,  or  of 
bituminous  matter.  This  last  constituent  gives  the  colour  to  black 
marble.  Calcium  carbonate  is  also  found  in  large  transparent  rhombo- 
hedral  crystals,  which  are  known  to  mineralogists  as  calcareous  spar, 
calc  spar,  or  Iceland  spar.  When  the  crystals  have  the  form  of  a six- 
sided  prism,  the  mineral  is  termed  Arragonite.  The  attention  of  the 
crystallographer  has  long  been  directed  to  these  two  crystalline  forms 
of  calcium  carbonate,  on  account  of  the  circumstance  that  if  a prism  of 
arragonite  be  heated,  it  breaks  up  into  a number  of  minute  rhombohedra 
of  calc  spar.  Satin-spar  is  a variety  of  calcium  carbonate.  When  slowly 
deposited  from  its  solution  in  carbonic  acid,  calcium  carbonate  gives  six- 
sided  prisms  of  CaC03.5Aq. 

Calcium  carbonate  is  a chief  constituent  of  the  shells  of  fishes  and  of 
egg-shells,  so  that,  except  calcium  phosphate,  no  mineral  compound  has 
so  large  a share  in  the  composition  of  animal  frames.  Corals  also  con- 
sist chiefly  of  calcium  carbonate  derived  from  the  skeletons  of  innumer- 
able minute  insects.  The  mineral  gaylussite  is  a double  carbonate  of 
calcium  and  sodium  (CaC03.Na2C03. 5 Aq),  and.  is  scarcely  affected  by 
water  unless  previously  heated,  when  water  dissolves  out  the  sodium 
carbonate.  Baryto-calcite  is  a double  carbonate  of  barium  and  calcium 
(BaC03.CaC03). 

Lime  (CaO). — The  process  by  which  lime  is  obtained  from  the  car- 
bonate has  been  already  alluded  to  under  the  name  of  hme-burning. 
At  a red  heat  calcium  carbonate  begins  to  decompose  into  CaO  and  C02 ; 
but  unless  the  C02  be  removed,  it  prevents  further  decomposition,  so 
that  marble  or  chalk  cannot  be  completely  decomposed  in  a covered 
crcuible,  and  a lime-kiln  must  have  a good  draught  to  carry  off  the  C02. 

Accordingly,  a kiln  is  commonly  employed  of  the  form  of  an  inverted 
cone  of  brick- work  (fig.  229),  and  into  this  limestone  and  fuel  are  thrown 
in  alternate  layers.  The  former,  losing  its  C02  before  it  reaches  the 
bottom  of  the  furnace,  is  raked  out  in  the  form  of  burnt  or  quick  lime 
(CaO),  whilst  its  place  is  supplied  by  a fresh  layer  of  limestone  thrown 
in  at  the  top  of  the  kiln.  Fig.  230  represents  another  form  of  kiln,  in 
which  the  limestone  is  supported  upon  an  arch  built  with  large  lumps  of 
the  stone  above  the  fire,  which  is  kept  burning  for  about  three  days  and 
nights  until  the  whole  of  the  limestone  is  decomposed. 

The’  usual  test  of  the  quality  of  the  lime  thus  obtained  consists,  in 
sprinkling  it  with  water,  with  which  it  should  eagerly  combine,  evolving 
much  heat*  swelling  greatly,  and  crumbling  to  a light  white  powder  of 
calcium  hydrate  {slaked  lime),  Ca(HO)2.  Lime  which  behaves  111  this 
* The  sudden  slaking  of  a largo  quantity  of  lime  is  a common  cause  of  fire. 
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manner  is  termed  fat  lime;  whereas,  if  it  be  found  to  slake  feebly,  it  is 
pronounced  a poor  lime , and  is  known  to  contain  considerable  quantities 
of  foreign  substances,  such  as  silica,  alumina,  magnesia,  &c.  Lime  is  said 
to  be  overburnt  when  it  contains  bard  cinder-like  masses  of  silicate  of 


Fig.  230. — Lime-kiln. 

lime,  formed  by  the  combination  of  the  silica,  which  is  generally  found 
in  limestone,  with  a portion  of  the  lime,  under  the  influence  of  excessive 
heat  in  the  kiln. 

Calcium  hydrate , Ca(HO)2,  is  much  less  soluble  in  water  than  barium 
or  strontium  hydrate.  It  requires  700  parts  of  cold  water  to  dissolve 
it,  and  twice  as  much  hot  water,  so  that  lime-water  always  gives  a 
precipitate  when  boiled.  The  solution  is  strongly  alkaline,  and  readily 
absorbs  CO,  from  the  air,  which  precipitates  CaCO„. 

When  lime-water  is  evaporated  in  vacuo  over  fI,SO.,  it  deposits  small 
crystals  of  Ca(HO)r 

Ca(OH)2  is  easily  converted  into  CaO  by  beat. 

Calcium  hydrate  is  used  in  manufacturing  chemistry  as  the  cheapest 
alkaline  substance. 

For  the  applications  of  lime  in  mortars  and  cements,  see  Chemistry  of 
building  materials,  section  307. 

Calcium  dioxide,  CaO,,  is  precipitated  in  combination  with  8H,0, 
when  solution  of  sodium  peroxide  is  added  to  a calcium  salt. 

Calcium  nitrate,  Ca(N03)2,  differs  from  those  of  Ba  and  Sr  by  being 
deliquescent,  much  more  soluble  in  water,  and  soluble  in  alcohol.  It 
crystallises  with  qAq.  It  occurs  in  well-waters  and  in  soils,  the  N03 
having  been  formed  by  oxidation  of  NHV 

/ k^LPHATE  of  lime,  or  Calcium  sulphate,  in  combination  with  water 
(CaSO^HjO),  is  met  with  in  nature,  both  in  the  form  of  transparent 
prisms  of  selenite,  and  in  opaque  and  semi-opaque  masses  known  as 
alabaster  and  gypsum.  It  is  this  latter  form  which  yields  plaster  of 
Parts,  for  when  heated  to  between  300°  and  400°  F.  (or  150°  and 
2°o  C.)  it  loses  about  two-tliirds  of  its  water,  becoming  3CaS04.2H20, 
and  if  the  mass  be  then  powdered,  and  again  mixed  with  water,  the 
powder  recombines  with  it  to  form  a mass,  the  hardness  of  which  nearly 
equals  that  of  the  original  gypsum. 


I'ig.  229. — Lime-kiln. 
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. In  the  preparation  of  plaster  of  Paris,  a number  of  large  lumps  of 
gypsum  are  built  up  into  a series  of  arches,  upon  which  the  rest  of  the 
gypsum  is  supported;  under  these  arches  the  fuel  is  burnt,  and  its 
flame  is  allowed  to  traverse  the  gypsum,  care  being  taken  that  the  tem- 
perature does  not  rise  too  high,  or  the  gypsum  is  overburnt,  and  does 
not  exhibit  the  property  of  recombining  with  water.  When  the  opera- 
tion is  supposed  to  be  completed,  the  lumps  are  carefully  sorted,  and 
those  which  appear  to  have  been  properly  calcined  are  ground  to  a ver} 
fine  powder.  When  this  powder  is  mixed  with  water  to  a cream,  and 
poured  into  a mould,  the  minute  particles  of  calcium  sulphate  combine 
with  water  to  reproduce  the  original  gypsum  (Cafe04.2H,0),  and  t is 
act  of  combination  is  attended  with  a slight  expansion  which  forces  the 
plaster  into  the  finest  lines  of  the  mould.  If  the  setting  of  plaster  of 
Paris  be  watched  with  the  microscope,  the  gradual  crystallisation  may 
be  perceived.  The  overburnt  plaster  will  not  crystallise  unless  mixed 
with  good  plaster,  when  the  crystallisation  pervades  both.  An  addition 
of  one-tenth  of  lime  to  the  plaster  hardens  it  and  accelerates  the  setting. 

Stucco  consists  of  plaster  of  Paris  (occasionally  coloured)  mixed  with 
a solution  of  size;  certain  cements  used  for  building  purposes  {Keene  s 
and  Keating's  cements)  are  prepared  from  burnt  gypsum,  which  has  been 
soaked  in  a solution  of  alum  and  again  burnt ; and  although  the  plaster 
thus  obtained  takes  much  longer  to  set  than  the  ordinary  fiind,  it  is 
much  harder,  and  therefore  takes  a good  polish.  Plaster  of  Pans  is 
much  damaged  by  long  exposure  to  moist  air,  from  which  it  regains  a 
portion  of  its  water,  and  its  property  of  setting  is  so  far  diminished 
Precipitated  calcium  sulphate  is  used  by  paper-makers  under  the  name 

of  nearl  hardener.  . „ ■,  . 

CaSO  forms  the  mineral  anhydrite , a bed  of  which,  when  exposec 

the  air  m a railway  cutting,  has  been  known  to  increase  in  bu  y y 
absorbing  water  to  such  an  extent  as  to  disturb  the  stability  of  the  sic 
of  the  cutting.  Calcium  sulphate  is  contained  in  most  natural  waters, 
and  is  one  of  the  chief  causes  of  the  permanent  hardness  which  is  not 
removed  by  boiling.  It  is  much  more  soluble  m water  than  strontium 
sulphate,  so  that  sulphates  will  precipitate  calcium  only  horn  » 

solutions.  The  aqueous  solution  of  CaS04  precipitates  banu  - - 

immediately,  but  strontium-salts  only  after  an  interval  on  account  o 
Ihe  greater^ solubility  of  SrSO,  The  calcium  sulphate  u rn® 
in  water  at  *<;0  G-  than  at  any  other  temperature,  x pait  of  CabO  ther 
dissolving  in5  about  400  parts  of  water.  It  is  insolub  e m alcohol. 
Boiling  TIC1  dissolves  it,  and  deposits  it  m needles  on  cooling. 

Ca&vm  chloride  (OaCl.)  has  been  mentioned  as  the  residue  Wt 
the  preparation  of  ammonia.  The  pure  salt  may  be  obtaii  _ 3 
solving  pure  calcium  carbonate  ( Iceland  spar ) in  hydrochloric  add,  and 

evaporating  the  solution,  when  .prismatic  crystals  of  the  -—on 

CaCl2.6Aq  are  obtained,  which  dissolve  m one-fouxth  of  then  g™  * 
cold  water.  When  these  are  heated  they  melt  at  »9  0-.  at^about 

^is 

SlrsomeX^  When  heated  in  air  it  evolves ^chlorine  and  becomes 
0.),  ItriS  t “eS  tlS  SA  a 
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temperature  above  tlie  boiling  point  of  water.  In  consequence  of  the. 
attraction  of  calcium  chloride  for  water,  surfaces  wetted  with  a solution 
of  the  salt  never  get  dry.  Rope  mantlets,  for  the  protection  of  gunners, 
are  saturated  with  it  to  prevent  their  taking  fire.  Calcium  chloride  is 
easily  soluble  in  alcohol. 

When  calcium  hydrate  is  boiled  with  a strong  solution  of  calcium 
chloride,  it  is  dissolved,  and  the  filtered  solution  deposits  prismatic 
crystals  of  calcium  oxychloride,  CaCh.3CaO.15Aq,  which  are  decomposed 
by  water. 

Chloride  of  lime;  see  p.  160. 

Calcium  fluoride,  CaF,,  already  described  as  fiuor  spar  (p.  179),  occurs 
in  the  bones  and  teeth.  Many  specimens  of  it  decrepitate  and  emit  a 
phosphorescent  light  when  heated.  It  fuses  at  a red  heat,  and  is  used 
in  metallurgy  as  a flux,  since  it  attacks  silicates  at  a high  temperature. 
Calcium  fluoride  is  slightly  soluble  in  hot  HC1,  and  is  reprecipitated  by 
NIIj.  It  is  obtained  as  a gelatinous  precipitate  insoluble  in  acetic  acid 
when  CaCl.,  is  added  to  an  alkaline  fluoride. 

Calcium  sulphide  (CaS)  has  lately  acquired  some  importance,  on 
account  of  its  presence  in  Balmains  luminous  paint.  Its  property  of 
shining  in  the  dark  after  the  exposure  to  a bright  light  was  observed  by 
Canton  in  1761;  his  so-called  phosphorus  was  obtained  by  strongly 
heating  oyster-shells  with  sulphur.  The  phosphorescence  is  not  due  to 
slow  oxidation,  since  a specimen  which  has  been  kept  for  more  than  a 
century  in  a sealed  tube  still  exhibits  it. 

When  CaO  is  acted  on  by  IT2S,  it  yields  a crystalline  calcium  di-hydro- 
sulphide, Ca(IIS),.  When  this  is  heated  in  II, S,  it  is  decomposed ; 
Ca(HS),  = CaS  + I I , S.  The  CaS  is  a white  solid,  soluble  in  water.  When 
Ca(IIS),  is  exposed  to  air,  it  deliquesces,  evolves  H,S,  and  becomes 
Ca(HS)(HO) ; Ca(HS),  + H,0  - H2S  + Ca(HS)(IIO).  Calcium  sulphide 
occurs,  combined  with  CaO,  in  the  tank-waste  of  the  alkali-works. 

Calcium  phosphate,  Ca3(P04)2,  occurs  in  the  minerals  apatite,  phosphorite, 
sombrerite,  and  coprolite  ; in  the  two  first  it  is  combined  with  calcium 
fluoride,  forming  3Ca3(P04)2.CaF2,  and  this  is  also  contained  in  bone- 
ash,  of  which  Ca3(POt),  forms  the  larger  proportion  (80  per  cent.). 
This  is  sold  as  a non-mercurial  plate  powder,  under  the  name  of  white 
rouge.  Calcium  phosphate  is  nearly  insoluble  in  water,  but  it  is  dissolved 
by  HC1  or  HNO;i,  and  is  precipitated  again  by  ammonia.  When  CaCl„ 
is  added  to  JSTa2HP04,  a gelatinous  precipitate  is  obtained,  which  becomes 
crystalline  after  a short  time.  The  gelatinous  precipitate  dissolves 
easily  in  acetic  acid,  but  the  crystalline  precipitate  does  not,  and  if  the 
solution  of  the  gelatinous  precipitate  in  very  little  acetic  acid  be  allowed 
to  stand,  or  briskly  stirred,  it  deposits  crystals  of  CaIPP04.2Aq.  This 
salt  is  found  in  calculi  in  the  sturgeon. 

T etra-hy dr ocalcic  phosphate,  II4Ca(P04)„,  commonly  called  superphos- 
phate of  lime,  is  made  by  decomposing  bone-ash  with  sulphuric  acid ; 
Ca3(P04)2  + 2H2S04  = H4Ca(P04)2  + 2CaS04 ; the  calcium  sulphate  is 
filtered  off,  and"  the  superphosphate  is  left  in  solution.  The  pure  super- 
phosphate may  be  prepared  by  dissolving  bone-asli  in  HOI,  precipitating 
with  ammonia,  and  digesting  the  washed  precipitate  of  Ca3(P04)2  with 
Ca3(P04)2  + 4H3P04  = 3CaH4(P04)2.  On  allowing  the  solution 
to  evaporate  spontaneously,  the  salt  crystallises  in  rhomboidal  plates 
containing  a molecule  of  water.  It  is  dissolved  by  a small  quantity 
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of  water,  but  it  is  decomposed  and  precipitated  by  much  water,  or  by 
boiling  ; CaH4(P04)2  = H3P04  + CaHP04.  The  commercial  superphos- 
phate manure,  prepared  by  decomposing  ground  bones  with  sulphuric 
acid,  is  valued  by  the  agriculturist  for  the  large  amount  of  soluble 
phosphate  which  it  contains.  In  course  of  time,  the  proportion  of 
soluble  phosphate  is  found  to  have  decreased,  and  the  phosphate  is  said 
to  have  reverted  to  the  insoluble  form ; one  reason  assigned  for  this  is 
the  action  of  the  superphosphate  upon  some  undecomposed  tricalcic 
diphosphate  remaining  in  the  compound,  resulting  in  the  formation  of 
the  insoluble  hydrocalcium  phosphate — 

CaH4(P04)2  + Ca3(P04).,  = 4CaHP04. 

Another  cause  for  this  retrogression  of  the  superphosphate  which  has 
been  prepared  from  mineral  phosphates,  is  the  presence  of  aluminium, 
magnesium,  and  iron,  which  gradually  convert  the  phosphoric  acid  into 
insoluble  forms. 

Ccdcium  pyrophosphate , Ca2P20?,  when  exposed  for  several  hours  to  a 
dull  red  heat,  forms  a perfectly  transparent  glass  of  sp.  gr.  2.6,  which 
may  be  worked  into  prisms  and  lenses  like  ordinary  glass,  its  refracti\  e 
power  being  equal  to  that  of  crown  glass.  It  is  not  acted  on  by  acids 
in  the  cold,  and  even  resists  hydrofluoric  acid. 

Ccdcium  ammonium  arsenate,  C alN  1 14  As 04. 7 Aq , is  obtained  as  a white 
precipitate  by  mixing  CaCl2  with  excess  of  dSriT3,  and  adding  arsenic 
acid.  The  precipitate  is  gelatinous  at  first,  but  changes,  rapidly 
into  fine  needles,  especially  if  stirred.  It  is  slightly  soluble  in  water, 
but  almost  insoluble  in  ammonia.  Dried  in  vacuo,  over  sulphuric  acid, 
it  becomes  Ca3NH4H2(As04)3.3Aq.  Dried  at  ioo°,  it  has  the  formula 
Ca6NH4H5(As04)6.3Aq.  Heated  to  redness,  it  becomes  calcium  pxjro- 

cirsencite,  Ca2As,Of.  . _ . , 

Ccdcium  ortho-arsencite,  Ca3(As04)2,  and  metarsenate,  La(AsU3)2,  ave 

also  been  obtained.  _ . . , 

Ccdcium  silicates  are  found,  associated  with  silicates  or  other  metals, 
in  many  minerals.  They  also  enter  into  the  composition  of  most  glasses. 
Window  glass  contains  the  'silicates  of  calcium  and  sodium.  Bohemian 
glass  contains  silicates  of  calcium  and  potassium.  . . 

1 07.  General  review  of  the  metals  of  the  alkaline  earths.  Barium, 
strontium,  and  calcium  form  a highly  interesting  natural  group  of  metals 
related  to  each  other  in  a most  remarkable  manner,  lhey  exhibit  a 
marked  gradation  in  their  attraction  for  oxygen  ; barium  is  more  reach  y 
tarnished  or  oxidised,  even  in  dry  air,  than  strontium,  and  stron  mm 
more  readily  than  calcium.  The  hydrates  of  the  metals  exhibit  a similar 
gradation  in  properties;  barium  hydrate  does  not  lose  water  however 
strongly  it  may  be  heated,  whereas  the  hydrates  of  strontium  and  calci 
are  decomposed  at  a red  heat.  Then  barium  tytet,  .,,  strontaum 
hydrate  are  far  more  soluble  in  water  than  calcium hydrate  .and  all  these 
three  exhibit  a very  decided  alkaline  reaction  which  entitles  the 

^^"“otpauncU  of  these  metals,  the  sulphates  maybe 
named  as  presenting  a gradation  of  a simte  d?crip tier | i f »r  ^num 
sulphate  may  be  said  to  be  insoluble  111  water  strontium  “s 

+0  a verv  slight  extent,  and  calcium  sulphate  is  much  moie  soluble. 

in  which  these  metals  are  associated  in 
without  its  significance : for  if  two  of  them  are  found  in  the  same 
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mineral,  they  will  usually  be  those  which  stand  next  to  each  other  in 
the  group ; thus  strontium  carbonate  is  found  together  with  barium 
carbonate  in  witherite,  whilst  calcium  carbonate  is  associated  with 
strontium  sulphate  in  celestine.  Again,  strontium  carbonate  is  often 
found  with  calcium  carbonate  in  arragonite. 

198.  Relation  betioeen  specific  heats  and  atomic  weights — Atomic  heats. 
— Since  the  specific  gravities  of  the  vapours  of  the  metals  of  the  first 
and  second  groups  have  not  been  exactly  ascertained,  recourse  is  had 
to  their  specific  heats  in  order  to  ascertain  their  atomic  weights.  It 
will  be  remembered  that  the  specific  heat  of  a substance  is  the  quantity 
of  heat  required  to  raise  it  1°  in  temperature,  as  compared  with  the 
quantity  of  heat  required  to  raise  an  equal  weight  of  water  1°  • or, 
more  concisely,  the  quantity  of  heat  required  to  raise  one  part  by 
weight  of  the  substance  i°  (refei’red  to  water  as  the  unit). 

Thus,  the  specific  heats  of  potassium,  sodium,  and  lithium  are,  respec- 
tively, 0.1696,  0.2934,  and  0.9408;  these  numbers  representing  the 
relative  quantities  of  heat  required  to  raise  one  part  by  weight  of  each 
of  these  metals  i°  in  temperature,  supposing  that  an  equal  weight  of 
water  would  be  raised  i°  by  a quantity  of  heat  expressed  by  one.  No 
simple  relation  can  be  traced  between  these  numbers,  but  if  the  quan- 
tities of  heat  be  calculated  which  are  required  to  raise  atomic  weights 
of  these  elements  i°,  the  case  will  be  different. 

If  0.1696  be  the  quantity  of  heat  required  to  raise  one  part  by  weight 
of  potassium  i°;  o.  1696x39,  or  6.61,  will  represent  the  quantity  of 
heat  required  to  raise  39  parts  (1  atom)  of  potassium  i°.  In  the  same 
way,  0.2934  x 23,  or  675,  is  the  quantity  of  heat  required  to  raise 
23  parts  (1  atom)  of  sodium  1° ; and  0.9408  x 7,  or  6.59,  is  the  quantity 
required  to  raise  7 parts  (1  atom)  of  lithium  i°.  Allowing  for  experi- 
mental error  in  the  determination  of  the  specific  heats,  these  numbers, 
6.61,  6.75,  and  6.59,  may  be  regarded  as  representing  the  same  quantities 
of  heat,  and  they  are  the  atomic  heats  of  these  metals,  that  is,  the 
relative  quantities  of  heat  required  to  raise  an  atom  of  each  i°  in  tem- 
perature. 

The  atomic  heat,  therefore,  which  is  common  to  these  three  metals 
may  be  represented  by  the  mean  of  the  three  numbers,  or  6.65. 

The  experiments  which  have  been  made  to  determine  the  specific 
heats  of  those  elements  which  can  be  obtained  in  a similar  physical 
condition,  lend  strong  support  to  the  belief  that  the  atomic  heats  of  all 
elements  belonging  to  the  same  group  are  identical,  and  even  hold  out 
a prospect  of  the  identity  of  the  atomic  heats  of  a great  majority  of  the 
elementary  bodies. 

A similar  relation  has  been  observed  between  the  atomic  heats  of 
compound  bodies  belonging  to  the  same  group ; thus,  if  the  specific  heats 
of  the  chlorides  of  potassium,  sodium,  and  lithium  be  multiplied  by  the 
atomic  weights  of  those  chlorides,  the  product  in  each  case  will  approach 
very  nearly  to  the  number  12.69.  If  these  chlorides  be  allowed  to  con- 
tain one  atom  of  each  of  their  constituents,  and  it  be  supposed  that  the 
atomic  heats  of  these  constituents  are  identical,  the  half  of  this  number 
(or  6.34)  should  represent  the  atomic  heat  of  the  alkali-metals,  and,  in 
fact,  it  does  nearly  coincide  with  that  number. 

The  specific  heat  of  calcium  is  0.167,  which,  multiplied  by  the  atomic 
weight  of  calcium  (40)  gives  6.68  for  the  atomic  heat. 
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The  specific  heats  of  barium  and  strontium  have  not  been  determined , 
and  therefore  their  atomic  heats  cannot  be  directly  ascertained. 

The  specific  heats  of  the  chlorides  of  barium,  strontium,  and  calcium 
have  been  ascertained  to  be  represented  by  the  numbers  0.09,  0.118, 
and  0.1686  respectively.  Now,  the  atomic  heats  of  the  chlorides, 
obtained  by  multiplying  their  atomic  weights  into  their  specific  heats, 
would  be  expressed  by  the  mean  number  18.72  ; dividing  this  by  3,  the 
presumed  number  of  atoms  in  the  chloride,  we  obtain  the  number  6.24 
for  the  atomic  heat  of  each  of  the  elements,  which  agrees  very  well  with 
that  calculated  for  the  alkali-metals. 


MAGNESIUM. 


Mg'  = 24.3  parts  by  weight. 


199.  Magnesium  is  found,  like  calcium,  though  less  abundantly,  in 
each  of  the  three  natural  kingdoms.  Among  minerals  containing  this 
metal,  those  with  which  we  are  most  familiar  are  certain  combinations 
of  silica  and  magnesia  (silicates  of  magnesium)  known  by  the  names  of 
talc,  steatite  or  French  chalk,  asbestos,  and  meerschaum,  which  always 
contains  water.  Magnesite  is  a carbonate  of  magnesium.  Most  of  the 
minerals  containing  magnesium  have  a remarkably  soapy  feel.  The 
compounds  of  magnesium,  which  are  employed  in  medicine,  are  derived 
either  from  the  mineral  dolomite  or  magnesian  limestone  which  contains 
the  carbonates  of  magnesium  and  calcium,  or  from  the  magnesium 
sulphate  which  is  obtained  from  sea  water  and  from  the  waters  of  many 

mineral  springs.  . . . . { 

Metallic  magnesium  has  acquired  some  importance  during  tbe  last  lew 
years  as  a source  of  light.  When  the  extremity  of  a wire  of  this  metal 
is  heated  in  a flame,  it  takes  fire,  and  burns  with  a dazzling  white  light, 
becoming  converted  into  magnesia  (MgO).  If  the  burning  wire  be 
pluno-ed Into  a bottle  of  oxygen,  the  combustion  is  still  more  brilliant 
The  light  emitted  by  burning  magnesium  is  capable  of  inducing  chemical 
changes  similar  to  those  caused  by  sunlight,  a cncumstance  turned  to 
advantage  for  the  production  of  photographic  pictures  by  night. 
Attempts  have  been  made  to  introduce  magnesium  as  an  illuminating 
ao-ent  for  general  purposes,  but  the  large  quantity  of  solid  magnesia 
produced  in  its  combustion  forms  a very  serious  obstacle  to  its  use. 
The  metal  is  extracted  from  magnesium  chloride  by  fusing  it  with 
sodium,  using  sodium  chloride  and  calcium  fluoride  to  promote  the 


fusibility  of  the  mass.  _ . 

On  a small  scale,  magnesium  may  be  prepared  by  mixing  900  grs.  of  magnesium 
nbSidewith  isogrs.  of  calcium  fluoride,  150  of  fused  sodium  chloride,  and  150  of 
sodium  cut  into  slices.  The  mixture  is  thrown  into  a red-hot  earthen  crucible, 
which  is then  covered  again  and  heated.  When  the  action  appears  to  have 
terminated  the  fused  mass  is  stirred  with  an  non  rod  to  promote  the  union  of 
+i  1 i 1 p'j-,  nf  magnesium,  it  is  then  poured  upon  an  iron  tray,  allowed  to 
, ?■  JL  broken  up  and  the  globules  of  magnesium  separated  from  the  slag  ; t c} 
collectedbnto  one  "globule  by  throwing  them  into  a melted  mature  ot 
chlorides  of  magnesium  and  sodium  and  fluoride  of  calcium.  _ 

In  most  of  its  physical  and  chemical  characters,  magnesium  resemble, 
nnc  tZfgh  its  coloL  move  nearly  approaches  that  of  silver ; in  duct** 
and ’malleability,  it  also  surpasses  sine.  It  is  nearly  as  l«ht  toweva , 
as  calcium,  its  specific  gravity  being  1.74.  It  fuses  below  a 


SALTS  OF  MAGNESIUM. 


287 

and  may  be  distilled  like  zinc.  Cold  water  has  scarcely  any  action 
upon  magnesium ; even  when  boiled,  it  oxidises  the  metal  very  slowly. 
In  the  presence  of  acids,  however,  it  is  rapidly  oxidised  by  water. 
Solution  of  ammonium  chloride  also  dissolves  it,  owing  to  the  tendency 
of  the  magnesium  salts  to  form  double  salts  with  those  of  ammonium  • 
4NH4C1  + Mg=  (NH4).,MgCl4  + H,  + 2NH3.  Magnesium  is  one  of  the 
few  elements  which  unite  directly  with  nitrogen  at  a high  temperature. 
The  magnesium  nitride,  Mg3N,,  has  been  obtained  in  transparent 
crystals,  and  is  evidently  composed  after  the  type  2NH3,  so  that  it  is 
not  surprising  that  the  action  of  water  upon  it  gives  rise  to  magnesia 
and  ammonia ; Mg3ll„  + 3H„0  = 2NH3  + 3MgO. 

If  a foot  of  magnesium  tape  be  burnt  in  air,  the  residue  evolves  much 
ammonia  when  boiled  with  water. 

Magnesia,  MgO,  occurs,  crystallised  in  octahedra,  as  the  mineral 
peridase.  It  is  prepared  by  decomposing  magnesium  carbonate  by  heat, 
and  is  a light  white  powder,  very  infusible,  and  scarcely  affected  by 
water.  It  dissolves  easily  in  acids. 

Magnesium  hydrate,  Mg(HO)2,  also  occurs  crystallised  as  brucite. 
When  MgO  is  mixed  with  water,  combination  takes  place,  but  not  with 
much  evolution  of  heat,  as  with  BaO,  SrO,  and  CaO.  If  excess  of 
water  be  avoided,  the  mass  sets  like  plaster  of  Paris.  Mg(IIO),,  is  pre- 
cipitated when  an  alkali  is  added  to  a magnesium  salt.  The  hydrate 
slowly  absorbs  C02  from  the  air,  and  is  easily  decomposed  by  heat  into 
MgO  and  II., 0. 

Magnesium  carbonate,  MgC03,  is  found  as  magnesite,  which  is  imported 
from  Greece.  It  is  unaffected  by  water,  and  does  not  effervesce  so 
briskly  with  acids  as  the  other  carbonates.  It  is  easily  decomposed  by 
heat  into  MgO  and  C0„. 

When  a salt  of  magnesium  is  precipitated  by  an  alkaline  carbonate, 
the  precipitate  is  not  the  normal  carbonate,  as  in  the  cases  of  Ba,  Sr, 
and  Ca,  but  a basic  carbonate,  or  a compound  of  the  carbonate  and 
hydrate.  Ordinary  magnesia  alba,  or  light  carbonate  of  magnesia,  is 
prepared  by  precipitating  magnesium  sulphate  with  sodium  carbonate, 
and  boiling;  it  generally  has  the  composition  5MgCOv2Mg(HO)Q.7Aq  ; 
7MgS04  + 7^a2C03  + 2H20  = sMgC03.2Mg(H0)2  + 7Na2SO„  + 2C02.  In 
preparing  the  heavy  carbonate,  the  mixed  solutions  are  evaporated  to 
dryness,  and  the  sodium  sulphate  washed  out  of  the  residue  by  water. 
These  light  and  heavy  carbonates,  when  calcined,  yield  light  and  heavy 
magnesia,  the  former  having  3^  times  the  bulk  of  the  latter. 

Magnesium  carbonate,  like  calcium  carbonate,  is  soluble  in  carbonic 
acid,  and  is  present  in  most  natural  waters,  causing  temporary  hardness, 
the  MgC03  being  precipitated  by  boiling. 

When  magnesia  alba  is  dissolved  in  carbonic  acid  water,  and  the 
solution  exposed  to  air,  needles  of  MgC03-3Aq  are  deposited.  If  this 
be  boiled  with  water,  it  loses  C02  and  becomes  a basic  carbonate. 

Dolomite,  or  magnesian  limestone , is  a mixture  of  magnesium  carbonate 
and  calcium  carbonate  in  variable  proportions.  Magnesium  carbonate 
is  prepared  from  it  by  heating  it  sufficiently  to  decompose  the  MgCO  , 
and  exposing  it,  under  pressure,  to  the  action  of  water  and  C0„,  when 
the  MgO  is  dissolved  and  the  CaC03  is  left.  By  passing  steam  through 
the  solution,  the  basic  magnesium  carbonate  is  precipitated. 

The  sulphate  of  magnesia,  or  magnesium  sulphate,  so  well  known  as 
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Epsom  salts,  is  sometimes  prepared  by  calcining  dolomite  to  expel  the 
carbonic  acid  gas,  washing  the  residual  mixture  of  lime  and  magnesia 
with  water  to  remove  part  of  the  lime,  and  treating  it  with  sulphuric 
acid,  which  converts  the  calcium  and  magnesium  into  sulphates;  and 
since  calcium  sulphate  is  almost  insoluble  in  water,  it  is  readily  separated 
from  the  magnesium  sulphate  which  passes  into  the  solution,  and  is 
obtained  by  evaporation  in  prismatic  crystals,  having  the  composition 
MgS04.H„0. 6 Aq.  Epsom  salts  are  now  made  from  Kieserite,  MgS04. H,0, 
found  in  the  Stassfurt  salt-beds.  This  is  almost  insoluble  in  water, 
but,  when  kept  in  contact  with  it,  is  slowly  converted  into  MgS04.7H20. 
The  preparation  of  Epsom  salts  from  sea  water  has  already  been  alluded 
to  (p.  259).  In  some  parts  of  Spain,  magnesium  sulphate  is  found  in 
large  quantities  (like  nitre  in  hot  climates)  as  an  efflorescence  upon 
the  surface  of  the  soil.  This  sulphate,  as  well  as  that  contained  in 
well-waters,  appears  to  have  been  produced  by  the  action  of  the  calcium 
sulphate,  originally  present  in  the  water,  upon  magnesian  limestone 
rocks;  MgCOs -1- CaS04  = MgS04  + Ca003. 

The  crystals  of  magnesium  sulphate  fuse  easily,  and  become  MgS04.H20 
at  150°  C.  The  last,  IP20,  can  only  be  expelled  at  above  200°,  and  is 
termed  the  water  of  constitution. 

The  water  of  constitution  in  the  magnesium  sulphate  may  lie 
displaced  by  the  sulphate  of  an  alkali-metal  without  alteration  in  its 
crystalline  form;  a double  sulphate  of  magnesium  and  potassium 
(MgS04.K„S04.6Aq),  and  a similar  salt  of  ammonium  may  be  thus 
obtained  The  mineral  poly  halite  (7 toXvs,  many,  a\s,  salt)  is  a remark- 
able salt,'  containing  MgS04.K2S04.2CaS04.2Ha0*  Water  decomposes 


it  into  its  constituent  salts. 

Epsom  salts  dissolve  very  easily  in  water,  but  not  in  alcohol.  . If  the 
aqueous  solution  be  mixed  with  enough  alcohol  to  render  it  turbid,  small 
oily  drops  separate,  from  which  small  crystals  presently  shoot  out,  and  the 
liquid  becomes,  by  degrees,  a pasty  mass  of  very  light  needles  closely  inter- 
laced. These  contain  7H20.  An  aqueous  solution  crystallised  at  above 
70°  C.  deposits  MgS04.II,0.5Aq ; at  o°,  crystals  of  MgS04.H20.nAq 

are  formed.  . , . . ... 

Phosphates  of  magnesium. — Mg:j(P04),  is  contained  in  bones  and  in 

some  seeds.  MgHP04.7Aq  is  the  precipitate  produced  by  Na2HP04  m 
magnesium  salts ; it  is  decomposed  by  boiling  with  water ; 3JMgPLI  U4 
HPO  + Mg  (P04)2.  MgNH4P04.6Aq  is  deposited  m crystals  from 
alkaline  urine,  and  forms  triple  phosphate  calculi.  It  is  precipitated  by 
ISTa  HPO  from  a magnesium  salt  to  which  NH,  has  been  added ; 
MgSO.  +*NH,  + Na,HPO,  = Na,SO,  + MgNH.PO  . Ammoniim  chloride 
should  be  added  first  to  prevent  the  separation  of  Mg(IIO)2;  I he.  pi  e- 
cipitation  is  much  promoted  by  stirring;  the  MgAH4P04  is  sparingly 
soluble  in  water,  and  almost  insoluble  in  ammonia ; when  it  is  heated 
to  redness,  2MgNII4P04  = Mg2P207  + 2NH  ,+  H 0 In  quantitative 

arialvsis  Mg'  and  P are  generally  determined  in  this  form. 

Magnesium-ammonium  arsenate,  MgNH4As04.6H20,  is  very  similar, 

and  is  used  in  determining  arsenic.  . _ 777  •,  • 0 

Magnesium  borate  composes  the  mineral  boracite  ; hydroboracite  is  a 

hydrated  borate  of  calcium  and  magnesium. 

* Polyhalito  is  found  in  the  salt-beds  of  Stassfurt.  Kainite,  from  tbo  same  locality,  is 
K2S  0.,.  MgS  O4.MgCb.6A  q. 


ZINC. 


289 

Serpentine  and  olivine  are  silicates  of  magnesia  and  ferrous  oxide. 
Some  of  the  varieties  of  serpentine  are  employed  for  preparing  the  com- 
pounds of  magnesium,  for  they  are  easily  decomposed  by  acids  with 
separation  of  silica.  The  minerals  asbestos,  meerschaum,  steatite,  and  talc 
consist  chiefly  of  magnesium  silicates. 

Pearl  spar  is  a crystallised  carbonate  of  calcium  and  magnesium. 

Magnesium  chloride  is  important  as  the  source  of  metallic  magnesium. 
It  occurs  in  sea-water,  in  brine- springs,  and  in  many  natural  waters. 
It  is  easily  obtained  in  solution  by  neutralising  hydrochloric  acid  with 
magnesia  or  its  carbonate,  but  if  this  solution  be  evaporated  in  order  to 
obtain  the  dry  chloride,  a considerable  quantity  of  the  salt  is  decomposed 
by  the  watei  at  the  close  of  the  evaporation,  leaving  much  magnesia 
mixed  with  the  chloride  (MgCl?  + H20  = 2HCI  + MgO).  This  cfecom- 
position  may  be  prevented  by  mixing'  the  solution  with  three  parts  of 
chloride  of  ammonium  for  every  part  of  magnesia,  when  a double  salt, 
MgCl2.2NH4Cl,  is  formed,  which  may  be  evaporated  to  dryness  without 
decomposition,  and  leaves  fused  magnesium  chloride  when  further  heated 
the  ammonium  chloride  being  volatilised.  The  magnesium  chloride 
absorbs  moisture  very  rapidly  from  the  air,  and  is  very  soluble  in  water. 
Like  all  the  soluble  salts  of  magnesium,  it  has  a decidedly  bitter  taste. 
When  magnesia  is  moistened  with  a strong  solution  of  magnesium 
c lloricle,  it  sets  into  a hard  mass  like  plaster  of  Paris,  apparently  from 
the  formation  of  an  oxychloride.  It  may  be  mixed  with  several  times 
its  weight  of  sand,  and  will  bind  it  firmly  together. 

Carnalhte,  KCl.MgCl2.6Aq,  is  found  in  crystals  in  the  Stassfurt  salt- 

‘ . 7*  1S.  (l®comPosed  by  water  into  its  constituent  salts.  Bischofite, 
lVlgLl2.6Aq,  is  found  together  with  carnallite. 

The  ammonio-magnesium  chloride,  NTI4Cl.MgCI,.6Aq,  is  not  decom- 
posed by  ammonia,  which  therefore  gives  no  precipitate  in  solutions  of 

magnesium  to  which  ammonium  chloride  has  been  added  in  sufllcient 
quantity. 

Magnesium  stands  apart  from  other  metals,  on  the  one  hand  by  the 
non-precipitatmn  of  its  sulphide,  and,  on  the  other,  by  the  tendency  of 
all  its  salts,  except  the  phosphate  and  arsenate,  to  form  soluble  compounds 
with  the  salts  or  ammonium.  1 


ZINC. 

Zn  =65.5  parts  by  weight  = 2 vols. 

200.  Zinc  occupies  a high  position  amonguseful  metals,  being  peculiarly 
fitted,  on  account  of  its  lightness,  for  the  construction  of  gutters,  water- 
1 -ipe*,  anc  100  s o luildmgs,  and  possessing  for  these  purposes  a great 
advantage  over  lead,  since  the  specific  gravity  of  the  latter  metal  is  about 
1 1.5,  whilst  that  of  zinc  is  only  6.9.  For  such  applications  as  these 
where  great  strength  is  not  required,  zinc  is  preferable  to  iron,  on  account 
of  its  superior  malleability;  for  although  a bar  of  zinc  breaks  under  the 
hammer  at  the  ordinary  temperature,  it  becomes  so  malleable  at  2co0F 
as  to  admit  of  being  rolled  into  thin  sheets.  This  malleability  of  zinc 
k®*  heated  was  discovered  only  in  the  commencement  of  this  century 

briss  W Wbptime  the  UiSe  °f  tho  metal  was  iu  the  manufacture  of 
eaiv  fiusiV  T?  Z1f  C “ heated  t?  4°°  F-,  it  again  becomes  brittle.  The 
‘ y,  f bl.hty  of  zmc  also  gives  it  a great  advantage  over  iron  as 
denng  it  easy  to  be  cast  into  any  desired  form ; indeed,  zinc  is  sur 
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passed  in  fusibility  (among  the  metals  in  ordinary  use)  only  by  tin  and 

_ . . • 1 *1  • "IT  1 1 I 1 11  — . i — /I  O f 


lead,  its  melting-point  being  below  a red  heat,  and  usually  estimated  at 
770°  F.  (41  o°  C.)-  Zinc  is  also  less  liable  than  iron  to  corrosion  under 
the  influence  of  moist  air,  for  although  a bright  surface  of  zinc  soon 
tarnishes  when  exposed  to  the  air,  it  merely  becomes  covered  with  a 
thin  film  of  zinc  oxide  (passing  gradually  into  basic  carbonate,  by  ab- 
sorption of  carbonic  acid  from  the  air)  which  protects  the  metal  from 

further  action.  _ _ , 

The  great  strength  of  iron  has  been  ingeniously  combined  with  the 
durability  of  zinc,  in  the  so-called  galvanised  iron,  which  is . made  by 
coating  clean  iron  with  melted  zinc,  thus  affording  a protection  muc  1 
needed  in  and  around  large  towns,  where  the  sulphurous  and  sulphunc 
acids  arising  from  the  combustion  of  coal,  and  the  acid  emanations  ir  om 
various  factories,  greatly  accelerate  the  corrosion  of  unprotected  non. 
The  iron  plates  to  be  coated  are  first  thoroughly  cleansed  by  a.  process 
which  will  be  more  particularly  noticed  in  the  manufacture  of  tm-pla  e, 
and  are  then  dipped  into  a vessel  of  melted  zinc,  the  surface  of  which  is 
coated  with  sal  ammoniac  (ammonium  chloride)  m order  to  dissolve  the 
zinc  oxide  which  forms  upon  the  surface  of  the  melted  metal,  and  might 
adhere  to  the  iron  plate  so  as  to  prevent  its  becoming  uniformly  coated 
with  the  zinc*  A more  firmly  adherent  coating  of  zinc  is  obtained  by 
first  depositing  a thin  film  of  tin  upon  the  surface  of  the  iron  plate  by 
galvanic  action,  and  hence  the  name  galvanised  iron.  . 

The  ores  of  zinc  are  found  pretty  abundantly  m England  chiefly  in 
the  Mendip  Hills  in  Somersetshire,  at  Alston  Moor  in  Cumberland,  m 
Cornwall  and  Derbyshire,  but  the  greater  part  of  the  zinc  used  in  this 
country  is  imported  from  Belgium  and  Germany,  being  derived  from 
the  ores  of  Transylvania,  Hungary,  and  Silesia.  . 

Metallic  zinc  is  never  met  with  in  nature.  Its  chief  ores  are  calamine 
or  zinc  carbonate  (ZnC03),  blende  or  zinc  sulphide  (ZnS)  and  red  zinc  ore 
in  which  zinc  oxide  (ZnO)  is  associated  with  the  oxides  of  iron  and 


at  Swansea,  Birmingham,  an 
from  these  ores,  they  are  su 


subjected  to  a preliminary  treatment  which 

according  to  the  equation,  Zn  + 2NH4C1= 
is  formed  dissolves  the  oxide  from  the 
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brings  them  both  to  the  condition  of  zinc  oxide.  For  this-  purpose  the 
calamine  is  simply  calcined  in  a reverberatory  furnace,  in  order  to  expel 
carbonic  acid  gas ; but  the  blende  is  roasted  for  ten  or  twelve  hours 
with  constant  stirring,  so  as  to  expose  fresh  surfaces  to  the  air,  when 
the  sulphur  passes  off  in  the  form  of  sulphurous  acid  gas,  and  its  place 
is  taken  by  the  oxygen,  the  ZnS  becoming  ZnO.  The  extraction  of  the 
metal  from  this  zinc  oxide  depends  upon  the  circumstance  that  zinc  is 
■capable  of  being  distilled  at  a bright  red  heat,  its  boiling  point  beino- 
1904°  F.  (1040°  C.).  & 

The  facility  with  which  this  metal  passes  off  in  the  form  of  vapour  is 
seen  when  it  is  melted  in  a ladle  over  a brisk  fire,  for  at  a bright  red 
heat  abundance  of  vapour  rises  from  it,  which,  taking  fire  in  the  air, 
burns  with  a brilliant  greenish-white  light,  throwing  off  into  the  air 
numerous  white  flakes  of  light  zinc  oxide  (the  iihilosoviher1  s wool,  or  nil 
album  of  the  old  chemists). 


, .Tbe  dlStl!laflon  of  zinc  may  be  effected  on  the  small  scale  in  a black-lead  crucible 
(A,  fag.  231;  about  5 inches  high  and  3 in  diameter.  A hole  is  drilled  through  the 
bottom  with  a round  file,  and  into  this  is  fitted  a piece  of  wrought-iron  gas-pipe 


Fig.  231. — Distillation  of  zinc. 


■English  zinc  furnace, 


£side  ofthe  crnclb  P g a 1 m^h  mde’  50  as  to  reach  nearly  to  the  top  of  the 
are  carefubv  5 between  the  pipe  and  the  sides  of  the  hole 

ouncLofz^co?pP?n\,TlW^  feCl7  moistened  with  solution  of  borax.  A few 
fX  cemented  on  u S?,  crucible>  the  cover  of  which  is  then  care- 

° b01'aX  bdl^  added  t0  bind  together  at 
crucible  iSXhS  h°le  ^ ,the  cover  is  stopped  up  with  fireclay.  The 

dnittsXoflnn  keF\°T  Sfleral  hours  in  a warm  Place>  so  that  the  clay  may 
£’ i [mdIriCal furaace  w.itb  a hole  at  the  bottom,  through  which 

(C)  connected  witfn  a lateral  opening,  into  which  is  inserted  an  iron  tube 

fXace  and  w^n  tbi^ge  £ S°me  ^hted  charcoal  is  thrown  into  the 

coke broken, h 1 ^ been  blown  into  a blaze,  the  furnace  is  filled  up  with 
into  a vessel  nf IT lll1piec1es;  ,The  is  then  blown  till  the  zinc  distils  freely 
distilled  in  half  unhoiX^  **  reCeptlon'  Four  ounces  of  zinc  ma7  be  easily 

frouTelw  ^etJwd  exjra^tm9  zinc.—  The  zinc  oxide,  obtained  as  above 
or  nnth  m-+ne  0r  !,  enrn,el  1S  ndxed  about  half  its  weight  of  coke 
rxaci^e,  coa  - Thls,  mixture  is  introduced  into  large  crucibles 
3 ) with  a hole  m the  bottom,  through  which  passes  a short  wide 
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iron  pipe  destined  for  tlie  passage  of  the  vapour  of  zinc.  These  crucibles- 
are  about  4 feet  high  by  2^  feet  wide.  Some  large  pieces  of  coke  are 
first  introduced  into  them  to  prevent  the  charge  from  passing  into  the 
iron  pipes,  and  when  they  have  been  charged  with  the  above  mixture, 
their  covers  are  cemented  on,  and  they  are  heated  in  furnaces  some- 
what resembling  those  of  a glass-house,  each  furnace  receiving  six 
crucibles,  which  generally  contain,  in  all,  one  ton  of  roasted  ore.  When 
the  mixture  in  the  crucibles  is  heated  to  redness,  it  begins  to  evolve 
carbonic  oxide  produced  by  the  combination  of  the  carbon  with  the 
oxygen  from  the  zinc  oxide.  This  gas  burns  with  a blue  flame  at  the 
mouth  of  the  iron  pipe  ; but  at  a bright  red  heat  the  metallic  zinc  which 
has  been  thus  liberated  is  converted  into  vapour,  and  the  greenish-white 
flame  of  burning  zinc  is  perceived  at  the  orifice.  When  this  is  the  case, 
about  8 feet  of  iron  pipe  are  joined  on  to  the  short  piece,  in  order  to 
condense  the  vapour  of  zinc,  which  falls  into  a vessel  placed  for  its  re- 
ception. The  distillation  occupies  about  sixty  hours,  and  the  average 
yield  is  about  35  parts  of  zinc  from  100  of  ore,  a considerable  quantity 
of  zinc  being  left  behind  in  the  form  of  zinc  silicate  (electric  calamine), 
which  is  reduced  with  difficulty  by  distillation  with  carbon. 

The  zinc  thus  obtained,  however,  is  mixed  with  a considerable  quan- 
tity of  zinc  oxide,  and  with  other  foreign  matters  carried  over  from  the 
crucibles.  It  is,  therefore,  again  melted  in  a large  iron  pan,  and 
allowed  to  rest,  in  order  that  the  dross  may  rise  to  the  surface  3 this  is 
skimmed  off,  to  be  worked  over  again  in  a fresh  operation,  and  the 
metal  is  cast  into  ingots,  which  are  sent  into  commerce  under  the  name 
of  spelter. 

Belgian  process  for  the  extraction  of  zinc. — At  the  Vieille-Montagne 
works,  near  Liege,  calamine  is  exposed  to  the  rain  for  several  months 
in  order  to  wash  out  the  clay ; it  is  then  calcined  to  expel  the  water 
and  carbonic  acid  gas,  the  zinc  oxide  so  obtained  being  mixed  with  half 
its  weight  of  coal  dust,  and  distilled  in  fireclay  cylin- 
ders (C,  fig.  233),  holding  about  40  lbs.  each,  and  set 
in  seven  tiers  of  six  each  in  the  same  furnace,  the 
vapour  of  zinc  being  conveyed  by  a short  conical  iron 
pipe  (B)  into  a conical  iron  receiver  (D),  which  is 
emptied  every  two  hours  into  a large  ladle,  from  which 
the  zinc  is  poured  into  ingot  moulds.  Each  distillation 
occupies  about  twelve  hours.  The  advantage  of  this 
particular  mode  of  arranging  the  cylinders  is,  that  it 
economises  fuel  by  allowing  the  poorer  ores,  which 
require  less  heat  to  distil  all  the  zinc  from  them,  to  be 
introduced  into  the  upper  rows  of  cylinders  farthest 
from  the  fire  (A).  There  are  two  varieties  of  Belgian 
ore,  one  containing  33  and  the  other  46  per  cent,  of 

Fig.  233. — Belgian  z^nCj  but  a large  proportion  of  this  is  in  the  form  of 
zinc  furnace.  silicate,  which  is  not  extracted  by  the  distillation.  ’ 
Silesian  process  for  extracting  zinc. — In  Silesia  the  zinc  oxide  obtained 
bv  the  calcination  of  calamine  is  mixed  with  fine  cinders,  and  distilled 
in  arched  earthen  retorts  (A,  fig.  234),  into  which  the  charge  is  intro- 
duced through  a small  door  (B),  which  is  then  cemented  up.  The  retorts 
are  arranged  in  a double  row  in  the  same  furnace  (fig.  235),  and  the 
vapour  of  zinc  is  condensed  in  a bent  earthenware  pipe  attached  to  each 


PROPERTIES  OF  ZINC. 


293 


retort,  and  having  an  opening  (C)  near  the  bend,  which  is  kept  closed 
unless  it  is  necessary  to  clear  out  the  pipe.  In  regard  to  the  consumption 
of  fuel,  this  process  is  far  more  economical  than  that  followed  in  this 
country.  The  Silesian  zinc 
is  remelted,  before  casting 
into  ingots,  in  clay  instead 
of  iron  pots,  since  melted 
zinc  always  dissolves  iron, 
and  a very  small  quantity 
of  that  metal  is  found  to 
injure  zinc  when  re- 
quired for  rolling  into 
sheets. 

A small  quantity  of 
lead  always  distils  over 
together  with  the  zinc, 
and  since  this  metal  also 
interferes  with  the  roll- 
ing of  zinc  into  sheets,  a 
portion  of  it  is  separated 
from  zinc  intended  for 
this  purpose,  by  melting 
the  spelter,  in  large  235.— Silesian  zinc  furnace. 

quantity,  upon  the  hearth  of  a reverberatory  furnace,  the  bed  of  which 
is  inclined  so  as  to  form  a deep  cavity  at  the  end  nearest  the  chimney. 
The  specific  gravity  of  lead  being  11.4,  whilst  that  of  zinc  is  6.9,  the 
former  accumulates  chiefly  at  the  bottom  of  the  cavity,  and  the  ingots 
cast  from  the  upper  part  of  the  melted  zinc  will  contain  but  little  lead, 
smce  zinc  is  not  able  to  dissolve  more  than  1.2  per  cent,  of  that  metal. 

Ingots  of  zinc,  when  broken  across,  exhibit  a beautiful  crystalline 
fracture,  which,  taken  in  conjunction  with  the  bluish  colour  of  the 
metal,  enables  it  to  be  easily  identified. 

The  speltei  of  commerce  is  liable  to  contain  lead,  iron,  tin,  antimony, 
arsenic,  copper,  cadmium,  magnesium,  and  aluminium.  Belgian  zinc  'is 
usually  purer  than  the  English  metal. 

Zinc  being  easily  dissolved  by  diluted  acids,  it  is  necessary  to  be  careful 

m employing  this  metal  for  culinary  purposes,  since  its  soluble  salts  are 
poisonous. 


Fig.  234. 


t will  be  remembered  that  the  action  of  diluted  sulphuric  acid  upon 
zinc  is  employed  for  the  preparation  of  hydrogen.  Pure  zinc,  however, 
evo  ves  hydrogen  very  slowly,  since  it  becomes  covered  with  a number 
o n ( 1 ogen  bubbles  which  protect  it  from  further  action ; but  if  a piece 
o coppei  or  platinum  be  made  to  touch  the  zinc  beneath  the  acid,  these 
me  a s,  being  electro-negative  towards  the  zinc,  will  attract  the  electro- 
positive hydrogen,  leaving  the  zinc  free  from  bubbles  and  exposed  on  all 
points  to  the  action  of  the  acid,  so  that  a continuous  disengagement  of 
yc  rogen  is  maintained.  As  a curious  illustration  of  this,  a thin  sheet 
° platinum  or  silver  foil  may  be  shown  to  sink  in  diluted  sulphuric  acid, 
Un  V*  co?les  *n  contact  with  a piece  of  zinc,  when  the  bubbles  of  hydro- 
gen bring  it  up  to  the  surface.  The  lead,  iron,  &c.,  met  with  in  com- 
meicial  zinc,  are  electro-negative  to  the  zinc,  and  thus  serve  to  maintain 
a constant  evolution  of  hydrogen. 
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Zinc  also  dissolves  in  boiling  solutions  of  potash  and  soda,  evolving 
hydrogen;  2KHO  + Zn  = Zn(KO)2  + H2.  Even  solution  of  ammonia 
dissolves  it  slowly. 

A coating  of  metallic  zinc  may  be  deposited  upon  copper  by  slow- 
galvanic  action,  if  the  copper  be  immersed  in  a concentrated  solution 
of  potash,  at  the  boiling  point  of  water,  in  contact  with  metallic  zincr 
when  a portion  of  the  latter  is  dissolved  in  the  form  of  oxide,  with 
evolution  of  hydrogen,  and  is  afterwards  precipitated  on  the  surface  of 
the  electro-negative  copper. 

Zinc-dust  is  metallic  zinc  which  has  condensed  in  a fine  powder  in 
smelting  the  ores.  It  is  very  useful  in  the  laboratory  as  a reducing, 
agent. 

Zinc  oxide  (ZnO). — Zinc  forms  but  one  oxide,  which  is  known  in- 
commerce  as  zinc-white  or  Chinese  ivhite,  and  is  prepared  by  allowing 
the  vapour  of  the  metal  to  burn  in  earthen  chambers  through  which  a 
current  of  air  is  maintained.  This  zinc-white  is  sometimes  used  for 
painting  in  place  of  white  lead  (lead  carbonate),  over  which  it  has  the 
advantages  of  not  injuring  the  health  of  the  persons  using  it,  and  of 
being  unaffected  by  sulphuretted  hydrogen,  an  important  consideration 
in  manufacturing  towns  where  that  substance  is  so  abundantly  supplied 
to  the  atmosphere.  Unfortunately,  however,  the  zinc  oxide  does  not 
combine  with  the  oil  of  the  paint  as  lead  oxide  does,  and  the  paint 
is  consequently  more  liable  to  peel  off.  The  zinc  oxide  has  the  charac- 
teristic property  of  becoming  yellow  when  heated,  and  -white  again  as 
it  cools.  It  is  sometimes  used  in  the  manufacture  of  glass  for  optical 
purposes. 

Zinc  hydrate,  Zn(HO),,  is  precipitated  in  a gelatinous  state,  when 
caustic  alkalies  are  added'  to  solutions  containing  zinc ; the  precipitate 
dissolves  in  the  excess  of  alkali,  and,  if  this  be  not  too  great,  is  repre- 
cipitated by  boiling.  Ammonia  does  not  precipitate  zinc  hydrate  from 
solutions  containing  ammonium-salts,  since  zinc  resembles  magnesium 
in  forming  double  salts  containing  ammonium.  Zinc  hydrate  is  easily 
decomposed  by  heat ; Zn(HO)2  = ZnO  + H20. 

Zinc  nitride,  Zn3N2. — When  zinc  ethide  (see  Organo-minercd  com- 
pounds) is  acted  on  by  ammonia,  it  is  converted  into  zinc-diamine  ; 
Zn(C„H.)2  + 2NH3  = Zn(NIT2),  4-  2C2H6  (ethyle  hydride).  When,  zinc- 
diamine  is  heated,  out  of  contact  with  air,  it  gives  zinc  nitride  p 
3Zn(UH2)2  = Zn3U2  + 4 AIT,.  The  nitride  decomposes  with  water,  evolv- 
ing much  heat;  Zn3N2  + 3H20  = 2NH3  + 3ZnO.  _ 

Zinc  carbonate,  ZnC03,  as  found  in  nature  ( calamine , S mithsonite} 
forms  rhombohedral  crystals.  Part  of  the  zinc  in  the  mineral  is  often 
replaced  by  isomorphous  metals,  such  as  cadmium,  magnesium,  and 
ferrous  iron.  ZnC03  is  precipitated  when  zinc  sulphate  is  boiled  with 
hydropotassium  carbonate  — 

ZnS04  + 2KHC03  = ZnC03  + K.SO.,  + H„0  + CO„.  _ 

The  normal  alkaline  carbonates  precipitate  basic  carbonates  ot  variable 
composition  (as  is  the  case  with  magnesium).  The  precipitate  produced 
by  ammonium  carbonate  is  soluble  in  excess. 

Zinc  chloride,  ZnCl2  ( = 136.5  = 2 vols.),  is  prepared  by  dissolving 
Zn  or  ZnO  in  HC1,  and  evaporating.*  If  the  solution  contams  a little 

* If  iron  be  present,  it  may  be  separated  by  adding  a little  chlorine  water  to  peroxidise 
it,  and  precipitating  the  FeaOs  by  adding  zinc  carbonate. 


SALTS  OF  ZINC. 


295 


HC1  in  excess,  it  deposits  octahedral  crystals  of  ZnCl2.H20.  The 
solution,  like  that  of  MgCl2,  undergoes  partial  decomposition  when 
evaporated,  leaving  an  oxychloride;  when  this  residue  is  distilled, 
ZnCl2  passes  over.  It  may  also  be  obtained  by  distilling  a mixture  of 
zinc  sulphate  and  sodium  chloride.  Zinc  chloride  is  a deliquescent 
solid,  very  soluble  in  water,  alcohol,  and  ether.  Its  attraction  for  water 
renders  it  a powerful  caustic,  and  it  is  used  as  such  in  surgery.  A 
strong  solution  of  ZnCl,  dissolves  much  ZnO,  and  if  the  solution  of 
oxychloride  thus  formed  be  mixed  with  water,  precipitates  are  obtained 
which  contain  Zn(OH)Cl  and  Zn(OII)2. 

Solution  of  ZnCl2  dissolves  paper  and  cotton,  and  the  oxychloride 
dissolves  wool  and  silk.  This  is  sometimes  useful  in  examining  textile 
fabrics. 

Burnett's  disinfecting  fluid  is  a solution  of  zinc  chloride,  and  is 
capable  of  absorbing  H„S,  NH3,  and  other  offensive  products  of  piitre- 
faction,  as  well  as  of  arresting  the  decomposition  of  wood  and  animal 
substances.  Zinc  chloride  is  also  used  in  soldering,  to  cleanse  the 
metallic  surface,  and  the  careless  use  of  this  poisonous  salt  in  soldering 
tins  of  preserved  food  has  frequently  caused  accidents. 

Zinc  chloride  is  sometimes  made  from  pyrites  containing  blende. 
This  is  burnt  as  usual  to  furnish  S02  for  the  manufacture  of  sulphuric 
acid,  when  the  ZnS  is  converted  into  Z11SO,  which  is  extracted  from 
the  spent  pyrites  by  water,  and  decomposed  with  sodium  chloride,  when 
Na„S04  is  deposited  in  crystals,  leaving  ZnCl„  in  solution. 

When  zinc  oxide  is  moistened  with  a strong  solution  of  zinc  chloride, 
an  oxychloride  is  formed,  which  soon  sets  into  a hard  mass,  forming  a 
very  useful  stopping  for  teeth. 

Zinc  sulphate , or  white  vitriol , ZnS0rII.,0.6Aq,  bears  a dangerous 
resemblance  to  Epsom  salts,  but  it  loses  its  water  of  crystallisation  at 
xoo°  C.,  and  is  decomposed  at  a very  high  temperature  into  ZnO, 
sulphur  dioxide,  and  oxygen,  whereas  MgS04  bears  fusion  without 
being  decomposed.  Hence  ZnS04,  when  heated  to  redness,  leaves  a 
residue  which  is  yellow  when  hot  and  white  when  cold. 

At  temperatures  above  40°  C.  zinc  sulphate  crystallises  as  ZnS04. 
11,0. sAq,  which  is  isomorphous  with  the  corresponding  salt  of  mag- 
nesium. Like  the  magnesium  sulphate,  it  forms  double  sulphates,  in 
which  the  H,0  is  replaced  by  alkaline  sulphates.  ZnS04.Iv2S04.6Aq 
and  ZnS04.(NII1)2S04.6Aq  are  isomorphous  with  the  Mg  salts.  Like 
all  other  truly  isomorphous  salts,  the  sulphates  of  magnesium  and  zinc 
crystallise  together  from  their  mixed  solutions. 

It  is  made  on  the  large  scale  by  roasting  blende  (zinc  sulphide,  ZnS) 
at  a low  red  heat,  when  it  combines  with  0 from  the  air  to  form 
ZnS04,  which  is  dissolved  out  by  water  and  crystallised. 

Zinc  sulphide,  ZnS,  as  found  native,  is  usually  crystallised  in  octa- 
hedra  or  dodecahedra,  coloured  black  by  ferrous  sulphide.  Pale  yellow 
specimens  are  sometimes  found.  When  precipitated  by  a soluble 
sulphide  from  a solution  of  a zinc  salt  it  is  perfectly  white. 

An  intimate  mixture  of  zinc-dust  with  half  its  weight  of  flowers  of 
sulphur  burns  like  gunpowder  when  kindled  with  a match,  leaving  a 
bulky  mass  of  ZnS,  which  is  primrose-yellow  while  hot,  and  white  on 
cooling. 

Zinc  sulphide  Is  insoluble  in  water,  in  alkalies,  and  in  acetic  acid, 
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but  dissolves  in  hydrochloric  and  in  nitric  acid.  It  may  be  sublimed 
in  colourless  crystals  by  strongly  heating  it  in  a current  of  II2S. 

Zinc  silicate  is  found  as  electric  calamine , Zn„Si04.Aq,  in  rhombic 
crystals. 

Zinc  phosphate  forms  the  mineral  hopeite,  Zn3(P04)2.4Aq. 

Zinc  differs  from  all  the  other  metals  in  being  precipitated  as  a white 
sulphide. 

CADMIUM. 

Cd"=:  1 12  parts  lay  weight  = 2 vols. 

201.  This  metal  is  found  in  small  quantities  in  the  ores  of  zinc,  its 
presence  being  indicated  during  the  extraction  of  that  metal  (p.  291) 
by  the  appearance  of  a brown  flame  ( brown  blaze)  at  the  commence- 
ment of  the  distillation,  before  the  characteristic  zinc  flame  is  seen  at 
the  orifice  of  the  iron  tube.  Cadmium  is  more  easily  vaporised  than 
zinc,  boiling  at  1580°  F.  (86o°  C.),  so  that  the  bulk  of  it  is  found 
in  the  first  portions  of  the  distilled  metal.  If  the  mixture  of  cad- 
mium and  zinc  be  dissolved  in  diluted  sulphuric  acid,  and  the  solu- 
tion treated  with  hydrosulphuric  acid  gas,  a bright  yellow  precipitate 
of  cadmium  sulphide  (CdS)  is  obtained,  which  is  employed  in  painting 
under  the  name  of  cadmia*  By  dissolving  this  in  strong  hydrochloric 
acid  and  adding  ammonium  carbonate,  cadmium  carbonate  (CdC03)  is 
precipitated,  from  which  metallic  cadmium  maybe  extracted  by  distilla- 
tion with  charcoal. 

Although  resembling  zinc  in  its  volatility  and  its  chemical  relations, 
in  appearance  it  is  much  more  similar  to  tin,  and  emits  a crackling 
sound  like  that  metal  when  bent.  Like  tin,  also,  it  is  malleable  and 
ductile  at  the  ordinary  temperature,  and  becomes  brittle  at  about 
180°  F.  Cadmium  is  slightly  heavier  than  zinc,  sp.  gr.  8.6.  It  is  as 
fusible  as  tin,  becoming  liquid  at  442“  F.  (228°  C.),  so  that  it  is  useful 
for  making  fusible  alloys.  An  alloy  of  3 parts  of  cadmium  with  16  of 
bismuth,  8 of  lead,  and  4 of  tin,  fuses  at  140°  F.  (6o°  C.).  In  its 
behaviour  with  acids  and  alkalies  cadmium  is  similar  to  zinc,  but  the 
metal  is  easily  distinguished  from  all  others  by  its  yielding  a charac- 
teristic  chestnut-brown  oxide  when  heated  in  air.  This  oxide  (CdO)  is 
the  only  oxide  of  cadmium. 

Cadmium  chloride , CdCl,.2Aq,  effloresces  in  air,  whilst  zinc  chloride 
deliquesces.  Moreover,  it  may  be  dried  without  undergoing  partial 
decomposition.  It  is  fusible  and  volatile  like  zinc  chloride. 

Cadmium  bromide,  CdBr„.4Aq,  and  the  iodide,  Cdl.,,  are  used  in 
photography. 

Cadmium  sulphate,  CdS04.8Aq,  is  much  less  soluble  than  zinc  sulphate. 

Cadmium  differs  from  all  the  other  metals  in  forming  a yellow 
sulphide  insoluble  in  alkalies,  so  that  its  salts,  mixed  with  excess  of 
ammonia,  and  treated  with  Ii„S,  give  a yellow  precipitate. 

GLUCINUM,  OR  BERYLLIUM. 

Gl"  or  Be" =9. 2 parts  by  weight. 

202.  This  comparatively  rare  metal  (which  derives  its  name  from  tbe  sweet  taste 
of  its  salts,  y\vKvs,  sweet)  is  found  associated  with  silica  and  alumina  in  the 
emerald , which  is  a double  silicate  of  alumina  and  glucina,  Al203.3Si02.3(G10.Si02), 

» The  darker  varieties  of  this  pigment  contain  thallium. 
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and  appears  to  owe  its  colour  to  the  presence  of  a minute  quantity  of  oxide  of 
chromium.  The  more  common  mineral  beryl,  or  aquamarine,  has  a similar  com- 
position, but  is  of  a paler  green  colour,  apparently  caused  by  iron.  Chrysoberyl 
consists  of  glucina  and  alumina,  also  coloured  by  iron.  The  earlier  analysts  of 
these  minerals  mistook  the  glucina  for  alumina,  which  it  resembles  in  formin°-  a 
gelatinous  precipitate  on  adding  ammonia  to  its  solutions,  but  it  is  a stronger 
base  than  alumina,  and  is  therefore  capable  of  displacing  ammonia  from  its  salts, 
and  of  being  dissolved  by  them.  Ammonium  carbonate  is  employed  to  separate 
the  glucina  from  alumina,  since  it  dissolves  the  glucina  in  the  cold,  forming  a 
double  carbonate  of  glucinum  and  ammonium,  from  which  the  glucinum  carbonate 
is  precipitated  on  boiling.  Glucina  (GIO)  is  intermediate  in  properties  between 
alumina  and  magnesia,  resembling  the  latter  in  its  tendency  to  absorb  carbonic 
acid  from  the  air,  and  to  form  soluble  double  salts  with  the  salts  of  ammonium, 
and  so  much  resembling  alumina  in  the  gelatinous  form  of  its  hydrate,  its 
solubility  in  alkalies,  and  the  sweet  astringent  taste  of  its  salts,  that  it ’was 
formerly  regarded  as  a sesquioxide  like  alumina.  By  the  radiant  matter  test 
(P-  275)>  glucina  phosphoresces  of  a bright  blue  colour. 

The  metal  itself  is  very  similar  to  aluminium. 

ALUMINIUM. 

AT"  =27  parts  by  weight. 

203.  Aluminium  is  the  representative  of  the  class  of  metals  usually 
styled  metals  of  the  earths  proper , and  including  also  glucinum,  thorium, 
yttrium,  zirconium,  erbium,  terbium,  cerium,  lanthanium,and  didymium, 
but  of  these  aluminium  is  the  only  metal  having  any  claim  to  our  atten- 
tion on  the  ground  of  its  practical  importance. 

Aluminium  is  distinguished  among  metals,  as  silicon  is  among  non- 
metallic  bodies,  for  its  immense  abundance  in  the  solid  mineral  portion 
of  the  earth,  to  which,  indeed,  it  is  almost  entirely  confined,  for  it  is 
present  in  vegetables  and  animals  in  so  small  quantity  that  it  can 
scarcely  be  regarded  as  forming  one  of  their  necessary  components. 
Church  has,  however,  recently  found  it  in  certain  cryptogamous  plants, 
especially  in  the  Lycopodiums  ; the  ash  of  Lycopodium  alpinuvn  yielding 
one-third  of  its  weight  of  alumina. 

One  of  the  oldest  rocks,  which  appears  to  have  originally  formed  the 
basis  of  the  solid  structure  of  the  globe,  is  that  known  as  granite.  This 
mineral,  which  derives  its  name  from  its  conspicuous  granular  structure, 
ls  a mixture,  in  variable  proportions,  of  quartz,  felspar,  and  mica,  tinged 
ol  various  colours  by  the  presence  of  small  quantities  of  the  oxides  of 
H'on  and  manganese. 

Quai  tz,  which  forms  the  translucent  or  transparent  grains  in  the 
granite,  consists  simply  of  silica;  felspar , the  dull,  cream-coloured, 
opaque  part,  is  a combination  of  silica  with  oxides  of  aluminium  and 
potassium,  its  composition  being  represented  by  the  formula— 

KU.3Si02.Al203.3Si02. 

Mica,  so  named  from  the  glittering  scales  which  it  forms  in  the 
granite,  is  also  a double  silicate  of  alumina  and  potash,  but  the 
a umina  is  very  frequently  displaced  by  ferric  oxide,  and  the  potash 
by  magnesia. 

By  the  long-continued  action  of  air  and  water,  the  granite  rock  is 
gradually  crumbled  down  or  disintegrated,  an  effect  which  must  be 
asci  ibed  to  a concurrence  of  mechanical  and  chemical  causes.  Mechani- 
ca  y,  the  rock  is  continually  worn  down  by  variations  of  temperature, 
y t ie  congelation  of  water  within  its  minute  pores,  the  rock  being 
gia  ually  split  by  the  expansion  attendant  upon  such  congelation. 
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Chemically,  the  action  of  water  containing  carbonic  acid  would  tend  to 
remove  the  potash  from  the  felspar  and  mica  in  the  form  of  carbonate 
of  potash,  whilst  the  silicate  of  alumina  and  the  quartz  would  subse- 
quently be  separated  by  the  action  of  water ; the  former,  being  so  much 
lighter,  would  be  soon  washed  away  from  the  heavy  quartz,  and  when 
again  deposited,  would  constitute  clay. 

Although  clay,  therefore,  always  consists  mainly  of  silicate  of 
alumina,  it.  generally  contains  some  uncombined  silicic  acid,  together 
with  variable  quantities  of  lime,  of  oxide  of  iron,  &c.,  which  give  rise 
to  the  numerous  varieties  of  clay. 


Composition  of  Clay. 


Chinese  Kaolin. 

Fireclay. 

(Stourbridge.) 

Pipeclay. 

Silica 

SO-5 

64.1 

53-7 

Alumina  .... 

33-7 

23.I 

32.0 

Water 

11. 2 

10.0 

12. 1 

Oxide  of  iron 

1.8 

1.8 

1.4 

Lime  . 

... 

... 

0.4 

Magnesia  .... 

0.8 

0.9 

Potash 

Soda 

i.y 

99-9 

99.9 

99.6 

The  silicate  of  alumina  also  constitutes  the  chief  portion  of  several 
other  very  important  mineral  substances,  among  which  may  be  men- 
tioned slate,  fuller1  s earth , and  pumice-stone.  Marl  is  clay  containing  a 
considerable  quantity  of  carbonate  of  lime.  Loam  is  also  an  impure 
variety  of  clay.  The  different  varieties  of  ochre,  as  well  as  umber  and 
sienna,  are  simply  clays  coloured  by  the  oxides  of  iron  and  manganese. 

Alum,  which  is  the  chief  compound  of  aluminium  employed  in  the 
arts,  is  always  obtained  either  from  clay  or  slate,  but  there  are  several 
processes  by  which  it  may  be  manufactured. 

The  simplest  process  is  that  in  which  pipeclay,  or  some  other  clay 
containing  very  little  iron,  is  calcined,  ground  to  powder,  and  heated 
on  the  hearth  of  a reverberatory  furnace  with  half  its  weight  of  sul- 
phuric acid,  until  it  becomes  a stiff  paste,  which  is  then  exposed,  to  air 
for  several  weeks.  During  this  time  the  alumina  of  the  clay  is  acted 
on  by  the  sulphuric  acid  to  form  aluminium  sulphate,  which  may  be 
obtained  by  washing  the  mass  with  water,  when  the  sulphate  dissolves, 
and  the  undissolved  silica  (still  retaining  a portion  of  the  alumina)  is 
left.  When  the  solution  containing  the  aluminium  sulphate  is  evapo- 
rated to  a syrupy  consistence  and  allowed  to  cool,  it  solidifies  into 
a white  crystalline  mass,  which  is  used  by  dyers  under  the  erroneous 
name  of  concentrated  alum,  or  cake-alum,  and  contains  about  47.5  per 
cent  of  the  dry  salt.  The  aluminium  sulphate  can  be  obtained  in 
crystals  containing  Al»3SOt.i8Aq,»  but  there  is  considerable  difflculty 
in  obtaining  these  crystals  on  account  of  the  extreme  solubility  of  the 
salt.  It  is  on  account  of  this  circumstance  that  the  aluminium  sul- 
phate is  usually  converted  into  alum,  which  admits  of  very  easy  crystai- 

* The  mineral  alunogen  found  in  New  South  Wales  has  this  composition  (Liversidge). 
It  forms  fibrous  masses  like  satin-spar,  and  occurs  in  sandstone  rocks. 
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lisation  and  purification.  In  order  to  transform  the  sulphate  into 
alum,  its  solution  is  mixed  with  potassium  sulphate,  when,  by  suitable 
evaporation,  beautiful  octahedral  crystals  are  obtained,  having-  the 
composition  AlK(S04)2.i2Aq.  ' . 6 

Alum  is  more  commonly  prepared  from  the  mineral  termed  alum 
shale,  which  contains  silicate  of  alumina,  together  with  a considerable 
quantity  of  finely  divided  iron  pyrites  and  some  bituminous  matter. 
This  shale  is  coarsely  broken  up,  and  built  into  long  pyramidal  heaps, 
together  with  alternate  layers  of  coal,  unless  the  shale  should  happen 
to  contain  a sufficient  amount  of  bitumen.  These  heaps  are  set  fire 
to  in  several  places,  and  are  partly  smothered  with  spent  ore  in  order 
to  prevent  too  great  a rise  of  temperature.  During  this  slow  roast- 
ing of.  the  heap,  the  iron  pyrites  (FeS2)  loses  half  its  sulphur, 
which  is  converted  by  burning  into  sulphurous  acid  gas  (SO.,),  and 
this,  in  contact  with  the  porous  shale  and  the  atmospheric  oxyo-en 
becomes  converted  into  S03  (p.  208).  This  latter  combines  with  the 
alumina  to  produce  sulphate  of  alumina.  The  roasted  heap  is  then 
allowed  to  remain  for  some  months  exposed  to  the  air,  and  moistened 
from  time  to  time,  in  order  to  promote  the  absorption  of  oxygen  by 
the  sulphide  of  iron  (FeS),  and  its  conversion  into  sulphate  of  iron 
(FeSO„).  The  heap  is  afterwards  lixiviated  with  water,  which  dissolves 
out  the  sulphates  of  aluminium  and  iron,  together  with  some  magnesium 
sulphate,  which  has  also  been  formed  in  the  process.  When  this  crude 
alum  liquor  is  evaporated  to  a certain  extent,  a large  quantity  of  ferrous 
sulphate  (green  vitriol)  crystallises  out,  and  the  liquid  from  which  these 
crystals  have  separated  is  then  mixed  with  so  much  solution  of  potas- 
sium chloride  as  a preliminary  experiment  has  shown  to  be  necessary  to 
yield  the  largest  amount  of  alum.  The  potassium  chloride  is  obtained 
either  from  Stassfurt,  or  as  soap-boiler’s  waste,  or  as  the  refuse  from 
saltpetre  refineries  and  glass-houses.  The  ferrous  sulphate  still  left 
in  the  solution  is  decomposed  by  the  potassium  chloride,  yielding 
ferrous  chloride,  and  potassium  sulphate,  which  combines  with  the 
/ 1 Sl?lphate  t0  form  alum ; (1)  FeS04  + 2KCI  = K,SO„  + FeCl- 
(2)  K.,SO  + AJ2(S04)3  = 2KA1(S04),.  The  hot  liquor  is  stirred  while 
cooling,  when  alum  meal  is  deposited  in  small  crystals,  and  the  FeCl, 
remains  in  solution.  The  alum  is  redissolved  in  boiling  water,  and 
ciysta  lsecl  in  barrels,  which  are  taken  to  pieces  to  get  out  the  large 
crysta  s.  If  there  be  much  magnesium  sulphate  in  the  liquor,  it  is 
subsequently  obtained  in  crystals  and  sent  into  the  market. 

, e.ie  ammonium  sulphate  can  be  obtained  at  a cheap  rate  (as  in 
f ie  ,?61^  -|oul'fiood  of  gas-works),  it  is  very  commonly  substituted 
°/  7 6 P0^'188)))111  chloride,  when  ammonia-alum  is  obtained  instead  of 
potash-alum  . The  former  is  similar  in  all  respects  to  the  latter  salt, 
excep  at  it  contains  the  hypothetical  metal  ammonium  (Nil  ) in 
place  of  potassium,  and  its  formula  is,  therefore,  AlNII1(S04)ri2Aq. 

or  a the.  uses  of  alum,  in  dyeing  and  calico-printing,  in  paper- 
ma  mg,  and  in  the  manufacture  of  colours,  ammonia-alum  answers 
qui  e as  veil  as  potash-alum,  and  hence  both  these  salts  are  sold  under 
tne  common  name  of  alum. 

.These  alums  are  the  representatives  of  an  important  class  of  double 
su  p ia  es,  containing  a monatomic  and  a triatomic  metal.  They  all  con- 
lm  12  mo  ecu^es  °f  water  of  crystallisation,  and  their  crystalline  form 
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is  that  of  the  cube  or  octahedron.  Alum  dissolves  in  one-third  of  its 
weight  of  boiling  water,  and  in  seven  parts  of  cold  water;  it  is  insoluble 
in  alcohol.  When  heated,  it  fuses  and  swells  up  to  a light  porous  mass 
of  burnt  alum,  having  lost  its  water. 

The  solution  of  alum  is  acid  to  test-papers.  When  solution  of 
sodium  carbonate  is  added  to  it  by  degrees,  a precipitate  of  aluminium 
hydrate  is  formed,  which,  at  first,  is  redissolved  on  stirring.  The 
solution,  to  which  sodium  carbonate  has  been  added  as  long  as  the 
precipitate  redissolves,  is  used  under  the  name  of  basic  alum  in  dyeing, 
because  stuffs  immersed  in  it  become  impregnated  with  alumina,  which 
serves  as  a mordant  to  attract  and  fix  the  colouring-matter  when  the 
stuff  is  transferred  to  a dye-bath. 

Aluminium  sulphate  is  superseding  alum  in  many  applications ; being 
prepared  by  treating  clay  or  Bauxite  (see  p.  301)  with  sulphuric  acid, 
and  precipitating  the  iron  either  as  ferric  arsenate  or  as  Prussian 
blue. 


Alumina. — When  ammonia-alum  is  strongly  heated  it  leaves  a white 
insoluble  earthy  substance  which  is  alumina  itself  (A1203),  and  differs 
widely  from  the  metallic  oxides  which  have  been  hitherto  considered, 
by  the  feebly  basic  character  which  it  exhibits.*  Not  only  is  alumina 
destitute  of  alkaline  properties,  but  it  is  not  even  capable  of  entirely 
neutralising  the  acids,  and  hence  both  aluminium  sulphate  and  alum 
are  exceedingly  acid  salts. 

Pure  crystallised  alumina  is  found  in  nature  as  the  mineral  corundum, 
distinguished  by  its  extreme  hardness,  in  which  it  ranks  next  to  the 
diamond.  An  opaque  and  impure  variety  of  corundum  constitutes  the 
very  useful  substance  emery.  The  ruby  and  sapphire t consist  of  nearly 
pure  alumina ; spindle  is  a compound  of  magnesia  with  alumina, 
Mg0.Al903 ; whilst  in  the  topaz  the  alumina  is  associated  with  silica 
and  aluminium  fluoride.  In  these  forms  the  alumina  is  insoluble  in 
acids,  but  it  may  be  rendered  soluble  by  fusion  with  acid  potassium  sul- 
phate, or  with  alkaline  hydrates.  The  mineral  diaspore  is  a hydrate  of 
alumina  (A1903.2H20),  so  named  from  its  falling  to  powder  when  heated 
(cuunropa,  dispersion). 

Aluminium  hydrate,  A19(H0)6,  is  found  crystallised  as  hydrargillite , or 
Gibbsite. 

The  artificially  prepared  aluminium  hydrate  is  characterised  by  its  gelatinous  ap- 
pearance. If  a little  alum  be  dissolved  in  warm  water,  and  some  ammonia  added 
to  the  solution,  the  alumina  will  precipitate  as  a semi-transparent  gelatinous  mass 
of  the  hydrate  A12(H0)6.2H.20.  It  is  nearly  insoluble  in  ammonia,  but  dissolves  in 
potash  and  soda.  Aluminium  hydrate  may  be  obtained  in  solution  in  water  bj 
dissolving  it  in  solution  of  A12C16,  and  dialysing  (see  p.  1 14).  It  resembles  solution 
of  silicic  acid  in  being  very  easily  gelatinised.  When  washed  and  dried,  the 
gelatinous  hydrate  shrinks  very  much,  and  forms  a mass  resembling  gum.  'lhe 
hydrate  has  a great  attraction  for  most  colouring-matters,  with  which  it  forms 
insoluble  compounds  called  lakes.  Thus,  if  a solution  of  alum  be  mixed  with  in- 
fusion of  logwood,  and  a little  ammonia  added,  the  aluminium  hydrate  will  torm. 
with  the  colouring-matter,  a purplish-red  lake,  which  may  be  filtered  oft,  leaving 


* The  meat  absorption  and  disappearance  of  heat,  during  the  evaporation  of  the  water 
and  ammonia  from  this  alum  has  led  to  its  employment  for  filling  the  space  betvveeu  the 
double  walls  of  fire-proof  safes,  which  may  become  red-hot  outside,  whilst  the  inside  is 

kept  below  the  scorching-point  of  paper.  ...  , .j  j.i.a 

+ Small  crystals  of  alumina  resembling  natural  sapphire  have  been  obtained  by  tho 
„oUon  of  ™pour of  aluminium  fluoride  »po»  boric  iuhydride  at  a high  ttmpom  ure. 
By  adding  a little  chromium  fluoride,  crystals  similar  to  rubies  and  emeralds  have  been 
produced. 
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the  solution  colourless.  This  property  is  turned  to  advantage  in  calico-printing’ 
where  the  compounds  of  alumina  are  largely  used  as  mordants. 

By  the  radiant  matter  test  (p.  275)  alumina  phosphoresces  crimson. 

Aluminium  chloride,  A12C1G. — If  the  alumina  obtained  by  calcining 
ammonia-alum  be  intimately  mixed  with  charcoal,  and  strongly  heated 
in  an  earthen  tube  or  retort  through  which  a stream  of  well-dried 
chlorine  is  passed,  the  oxygen  of  the  alumina  is  abstracted  by  the 
charcoal,  to  form  carbonic  oxide,  whilst  the  chlorine  combines  with  the 
aluminium,  yielding  aluminium  chloride,  which  passes  off  in  vapour, 
and  may  be  condensed,  in  an  appropriate  receiver,  as  a white  crystalline 
solid ; A1203  + C3  + Cl6  = A12C16  + 3 CO. 

Instead  of  mixing  the  alumina  with  charcoal,  it  may  be  heated  to 
redness  in  an  earthen  retort,  through  which  the  vapour  of  petroleum 
oil  saturated  with  HC1  gas  is  passed.  Aluminium  chloride  is  also 
obtained  by  heating  clay  in  a mixture  of  hydrochloric  acid  gas  and 
vapour  of  carbon  disulphide.  The  silica  of  the  clay  is  converted  into 
silicon  tetrachloride  (SiCl4).  A1QC1G  absorbs  moisture  from  the  air  and 
becomes  partly  decomposed  into  A1203  and  HC1.  By  dissolving  alumina 
in  HC1  and  evaporating,  needles  of  Al„Cl6.i2H,Oare  obtained,  but  they 
are  decomposed,  when  heated,  into  A1„03,  6HC1,  and  9H„0. 

An  impure  solution  of  aluminium  chloride  is  sold  as"  a disinfectant 
under  the  name  of  chloralum. 

occurs  in  Tcryolite,  6NaFAl,F  . 

204.  Aluminium.  In  order  to  obtain  this  interesting  metal,  it  is  only 
necessary  to  pass  the  aluminium  chloride  in  the  state  of  vapour  over 
heated  sodium,  which  removes  the  chlorine  in  the  form  of  sodium 
chloride,  leaving  the  aluminium  as  a white  malleable  metal  about  as 
hard  as  zinc,  and  fusing  at  a somewhat  lower  temperature  than  silver 
lor  the  extraction  of  aluminium  upon  the  large  scale,  the  alumina  is 
not  prepared  from  alum,  but  from  the  mineral  known  as  Bauxite,  which 
contains  . alumina,  together  with  peroxide  of  iron  and  silica.*  This 
mineral  is  heated  with  soda-ash  (see  page  261),  when  carbonic  acid 
gas  escapes,  and  the  silica  and  alumina  combine  with  soda  to  form 
silicate  of  soda  and  a soluble  compound  of  alumina  with  soda,  which  is 
generally  called  aluvimate  of  soda,  and  has  the  composition  ^Na  0 A1  0 
to  treatmg  the  mMS  with  water,  an  insoluble  silicate  of  alumina  and 
soda  is  left  whilst  the  alummate  of  soda  is  dissolved,  and  is  obtained  as 
‘ 1";  'r1,  e,mass  J.hen  soluti°n  is  evaporated.  This  aluminate  of 
W,  U +Lgelyi  UfeC  ^ calico-printers  as  a mordant.  To  obtain  alumina 
f ™ 7. tae  solution  is  decomposed  by  carbonic  acid  gas,  which  converts 

h vd™  te  A l1  mm  rbTte’  ,and  precipitates  the  alumina  as  aluminium 

aluminium  tlm  1 1 , tlG  n<Txt.  steP  towards  the  preparation  of 

• . , J late  ls  mixed  with  charcoal  and  common  salt,  made 

wbin^  lba  ndr-ed’ and  Stron£]y  heated  in  earthen  cylinders  through 
which  dry  chlorine  is  passed.  The  carbon  abstracts  the  oxygen  from 

wi^r^  mg  carbonic  oxide,  whilst  the  aluminium  combines 
r C1  onne.  ancl  the  aluminium  chloride  so  formed  unites  with 
the  sodium  ch  onde,  and  distils  over  as  the  double  chloride  of  alu- 
minium  and  sodium  (Al2Cl6.2NaCl).  This  salt  is  then  mixed  with  one- 

Iroland'^rSliiiV^?' * at  B?UX>  near  Ar,es>  in  the  south  of  Franco,  and  in  Antrim 
water  15  to  17  When  mixed  wdh7 1PW  C6tlt'’  alllminfa  60  to  6S-  peroxide  of  iron  4 to  8 
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third  of  its  weight  of  metallic  sodium,  and  rather  more  kryolite  as  a 
flux,  and  heated  in  a reverberatory  furnace,  when  the  sodium  combines 
with  the  chlorine  of  the  aluminium  chloride,  leaving  the  metal  to 
separate  in  a fused  state  beneath  the  melted  sodium  chloride,  which  pro- 
tects it  from  oxidation.  The  aluminium  may  he  rolled  into  sheets  or 
drawn  into  wire.  Commercial  aluminium  lias  been  found  to  contain 
from  3 to  7.5  per  cent,  of  iron.  Silicon  is  also  present  in  it,  as  much 
as  14  per  cent,  having  been  found  in  one  sample. 

It  is  less  fusible  than  tin  and  zinc,  but  more  so  than  silver,  its  fusing 
point  being  about  700°  C.  It  cannot  be  converted  into  vapour.  Like 
zinc,  it  is  most  easily  rolled  and  bent  between  ioo°  and  150°  C. 

Aluminium  is  much  more  sonorous  than  most  other  metals.  A bar 
of  it  suspended  from  a string,  and  struck  with  a hammer,  emits  a clear 
musical  sound.  It  is  remarkable  as  being  the  lightest  metal  capable  of 
resisting  the  action  of  air  even  in  the  presence  of  moisture.  Its  specific 
gravity  is  2.67.  This  lightness  renders  it  valuable  for  the  manufacture 
of  small  weights,  such  as  the  grain  and  its  fractions,  since  these,  when 
made  of  aluminium,  are  more  than  three  times  as  large  as  when  made 
of  brass,  and  nearly  nine  times  as  large  as  platinum  weights  of  the 
same  denomination.  It  is  also  employed  for  ornamental  purposes,  for, 
though  not  so  brilliant  as  silver,  it  is  not  blackened  by  sulphuretted 
hydrogen,  which  so  easily  affects  that  metal  (page  195). 

Another  characteristic  feature  of  aluminium  is  its  comparative  resist- 
ance to  the  action  of  nitric  acid  even  at  a boiling  heat.  No  other  metal 
commonly  met  with,  except  platinum  and  gold,  is  capable  of  resisting 
the  action  of  nitric  acid  to  the  same  extent.  Hydrochloric  acid,  however, 
which  will  not  attack  gold  and  platinum,  dissolves  aluminium  with 
facility,  converting  it  into  aluminium  chloride,  with  disengagement  of 
hydrogen ; Al„  + 6ITC1  = A12C16  + HG.  Solutions  of  potash  and  soda  also 
easily  dissolve  it,  forming  the  so-called  aluminates  of  those  alkalies ; 
thus,  6NaH0  + Al2  = Al2(NaO)6  + H6.  Even  when  very  strongly  heated 
in  air,  aluminium  is  oxidised  to  a very  slight  extent,  probably  because 
the  coating  of  alumina  which  is  formed  remains  infusible  and  protects 
the  metal  beneath  it.  For'  a similar  reason,  apparently,  aluminium  de- 
composes steam  slowly,  even  at  a high  temperature. 

Aluminium  decomposes  water  in  the  cold,  if  some  aluminium  iodide  be 
present ; hydrogen  being  set  free  and  the  aluminium  hydrate  produced. 

When  aluminium  is  fused  with  nine  times  its  weight  of  copper,  it 
forms  an  alloy  very  similar  to  gold  in  appearance,  but  almost  as  strong 
as  iron.  This  alloy  was  strongly  recommended  to  replace  gold  for 
ornamental  purposes,  but  it  does  not  retain  its  brilliancy  so  completely 
as  that  metal.  Aluminium  does  not  unite  with  mercury  or  with  melted 
lead  both  of  which  are  capable  of  dissolving  nearly  all  other  metals. 

205.  Mineral  silicates  of  alumina. — Many  of  the  chemical  formula?  of 
minerals  which  contain  silicates  of  alumina  associated  with  the  silicates 
of  other  metallic  oxides,  are  complicated,  from  the  circumstance  that  a 
part  of  the  aluminium  is  often  replaced  by  iron,  which,  in  the  form  of 
sesquioxide  (Fe203),  is  isomorphous  with  it,  and  therefore  capable  of  re- 
placing it  without  altering  the  crystalline  form  and  general  character 
of  the  mineral.  In  a similar  manner,  the  other  metals  present  in  the 
mineral  may  be  exchanged  for  isomorphous  representatives ; thus,  there 
are  two  well-known  felspars,  potash-felspar  ( orthoclase ) and  soda-felspar 
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(albite),  having  the  formulae  K20.Al203.6Si02  and  Naa0.AI203.6Si0  . 
These  minerals  are  sometimes  mingled  in  one  and  the  same  crystal 
I potash-albite  or  pericline)  without  bearing  any  definite  equivalent  pro- 
poi  tion  to  each  othei  , the  formula  of  such  a mineral  would  be  written 
(KjSTa)20.Al203.6Si02.  Porphyry  has  the  same  chemical  composition  as 
felspar. 

Mica,  again,  is  composed  essentially  of  magnesia,  alumina,  and  silica 
(4MgO.AljO3.4SiO,),  but  part  of  the  magnesium  is  so  constantly  re- 
placed by  potassium  and  iron  (as  FeO),  and  part  of  the  aluminium  by 
iron  (as  Fe,03),  that  the  general  formula  for  mica  must  be  written 
4[K„MgFe]0.[AlFe]203.4Si0,.  Garnet  is  essentially  a double  silicate  of 
alumina  and  lime,  but  often  contains  magnesium,  iron,  or  manganese 
replacing  part  of  the  calcium,  and  iron  replacing  part  of  the  aluminium’ 
being  written  3 [CaMgFeMn] 0.  [AlFe]203. 3 SiO„.  This  mineral  is  some- 
times formed  artificially  in  the  slag  of  the  iron  blast-furnaces.  Chlorite, 
a very  important  variety  of  rock,  is  a double  silicate  of  alumina  and 

magnesia,  with  variations  as  expressed  by  the  formula 

4[MgFe]0.[AlFe],03.2Si0„.3H„0. 

Basalt  is  a felspathic  rock  containing  crystals  of  augite 

4[CaMgFe]0.5Si0,. 

Cyanite,  kyanite,  or  clisthene,  is  a silicate  of  alumina  (A1,0  SiO  ) a 
crystal  of  which  points  north  and  south  when  freely  suspended  " ’ 

. Gneif  ^ chemically  composed  like  granite,  but  the  mica  is  arranged 
in  regular  layers  Trap  rock  contains  felspar  together  with  hornblende , 
which  consists  ol  silicates  of  alumina,  lime,  magnesia,  and  oxide  of  iron 
Hornblende  is  sometimes  found  replacing  the  mica  in  granite,  forming 
the  rock  called  syenite.  Lava,  from  volcanoes,  consists  essentially  of 
ferrous,  calcium,  and  aluminium  silicates ; the  presence  of  a considerable 
proportion  of  potassium  and  of  phosphoric  acid  renders  the  soil  formed 
by  the  weathering  of  lava  very  fertile. 

Lcqns  lazuli,  the  valuable  mineral  which  furnishes  the  natural  ultra- 
marine used  in  painting,  consists  chiefly  of  silica  and  alumina,  which  con- 
stitute respectively  45  and  32  per  cent,  of  it,  but  there  are  also  present 
9 pei  cent,  oi  soda,  6 per  cent,  of  sulphuric  acid,  about  1 per  cent  of  sul- 
phur, and  a somewhat  smaller  quantity  of  iron,  together  with  available 
proportion  of  lime.  The  cause  of  its  blue  colour  is  not  understood,  since 
neither  of  its  predominant  constituents  is  concerned  in  the  production  of 
such  a colour  111  other  cases.  In  consequence  of  the  rarity  of  the  mineral, 

U tJaTarije  has  a very  hiSh  price,  but  the  artificial  ultra, 
maime  is  manufactured  m very  large  quantities  at  a low  cost,  and  forms 

, 1D1!tatl0^  0ne  of  the  processes  for  preparing  it  consists  in 

eating  to  bright  redness  in  a covered  crucible,  for  three  or  four  hours, 

?1XtxUre1°f  100  Parts  of  Pure  white  clay  (kaolin),  100  of 
dried  carbonate  of  soda,  60  of  sulphur,  and  12  of  charcoal.  This  would 

1 e<f  0 ^ie  d a mixture  of  silicate  of  soda,  aluminate  of  soda,  and 
W 1 °/+fdlUm’  the,  two  first  being  white,  and  the  latter  yellow  or 
Tf  io  fi’  \U  16  fiaSS1 1S  ^ound  have  a green  colour  {green  ultramarine'). 
_n,:  y poudered,  washed  with  water,  dried,  mixed  with  a fifth  of 

has  hnrrU  VT  &ently  roasted  in  a thin  layer  till  the  sulphur 

nW  ,^i°fu  °Perarion  being  repeated,  with  fresh  additions  of  sul- 

chemists  « 6 resulue  h„as  a fine  blue  colour.  In  the  opinion  of  some 
• , ie  presence  of  a small  proportion  of  iron  is  essential  to  the 
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blue  colour,  whilst  others  believe  the  colour  to  be  clue  to  sodium  sul- 
phide or  thio-sulphate,  or  both.*  Ultramai’ine  is  a very  permanent 
colour  under  ordinary  conditions  of  exposure  to  the  air  and  light,  but 
acids  bleach  it  at  once,  with  separation  of  gelatinous  silica  and  evolution 
of  sulphuretted  hydrogen.  Blue  writing  paper  is  often  coloured  with 
ultramarine,  so  that  its  colour  is  discharged  by  acids  falling  upon  it  in 
the  laboratory.  Chlorine  also  bleaches  ultramarine.  Starch  is  often 
coloured  blue  with  this  substance. 

Phosphate  of  alumina,  or  aluminium  phosphate,  is  found  naturally  in 
several  forms.  It  occurs  in  large  quantities  in  the  West  India  Islands. 
Turquoise  is  a hydrated  aluminium  phosphate  (A1P0J,  owing  its  colour 
to  the  presence  of  oxide  of  copper. 1’  Wavellite  has  the  composition 
3A1„03.2P,0s.  None  of  the  earlier  analysts  detected  the  phosphoric  acid 
in  this  mineral,  on  account  of  the  difficulty  in  separating  it  from  the 
alumina,  so  that  even  in  comparatively  modern  chemical  works  it  is 
described  as  a hydrate  of  alumina. 

A gelatinous  precipitate  of  A1P04  is  formed  when  Na,HP04  is  added 
to  solution  of  alum.  It  is  soluble  in  HC1  and  in  potash,  but  insoluble 
in  acetic  acid,  which  distinguishes  it  from  aluminium  hydrate. 

The  valency  of  aluminium  is  not  very  satisfactorily  settled.  The  vapour  den- 
sities of  its  compounds  with  methyle  and  ethyle  (see  Grgano-mineral  compounds) 
would  class  it  as  a triad,  AT",  but  the  vapour  density  of  its  chloride  points  to  the 
formula  A1„C16,  and  not  A1C13.  This  would  indicate  aluminium  as  a tetrad  of  which 
two  atoms'  singly  linked,  would  give  the  hexad  group  (A1,T— A11T)T1.  In  favour 
of  this  view  it  is  urged  that  potassium-alum  dried  at  i8o°  C.  has  the  composition 
K A12(S04)4.H20,  that  ammonium-alum  dried  at  190°  C.  and  ammonium-iron- 
alum”  dried  at”  150°  have  corresponding  formula! ; that  this  last  alum  may  also.be 
crystallised  with  H20  and  3H20,  and  since  the  water  does  not  admit  of  being 
halved  in  any  of  these  formulae,  the  aluminum  cannot  be  halved,  so  that  the 
formula  of  alum  crystals  should  be  written  K2A12(S04)4.24H20.  Since  chromium 
and  iron  are  able  to  replace  the  aluminium  in  alum,  the  same  reasoning  would 

apply  to  them.  . , ... 

206.  Thorium  is  present  in  a rare  Norwegian  mineral  thorite,  where  it  is  asso- 
ciated with  silica,  lime,  magnesia,  and  other  metallic  oxides.  The  metal  itself  is 
similar  to  aluminium,  but  its  oxide  thoria  appears  to  be  ThO„,  and  differs  from 
alumina  and  glucina  in  being  insoluble  in  the  alkalies  (potash,  for  example),  though 
it  dissolves  in  potassium  carbonate.  Moreover,  the  sulphate  of  thorium  is  sparingly 
soluble  in  hot  water,  so  that  it  is  precipitated  on  boiling  its.  solution.  Thoria  is 
remarkable  for  its  high  specific  gravity  (9.4).  It  may  be  obtained  by  igniting  pre- 
cipitated thorium  oxalate.  It  does  not  dissolve  in  HC1  or  HN 03,  but  when  the  acid 
is  expelled  on  the  steam-bath,  the  residue  dissolves  in  water  to  a kind  of  emulsion, 
in  which  acids  or  salts  cause  a curdy  precipitate  soluble  in  pure  water.  Ammonia 
produces  a bulky  precipitate,  insoluble  in  acids. 

Thorium  chloride  forms  deliquescent  needles,  ThCl4.8H20. 

Thorium  nitrate  crystallises  in  tables,  Th(N03)4.i2H„0. 

Thorium-sodium  carbonate,  Th(C03)2.3Na2C03.i2H20,  forms  an  amorphous  pre- 


C']2o;  Yttrium  and  Erbium  are  very  rare  metals  found  in  gadolinite,  a mineral 
silicate  occurring  at  Ytterby  in  Sweden,  and  containing,  beside  these,  glucinum, 
cerium,  and  iron.  Their  oxides  yttria  (Y203)  and  erbia  (Er,03)  resemble  thoria 
in  being;  insoluble  in  the  alkalies,  but  soluble  in  their  carbonates  ; yttria  is  white, 
but  erbia  has  a yellow  colour.  The  salts  of  yttria  and  erbia  are  colourless. 

The  recent  examination  of  the  yttria  extracted  from  samarskite  and  gadolinite 
has  shown  it  to  contain  several  weak  basic  oxides  separated  with  much  labour  by 
taking-  advantage  of  slight  differences  in  their  basic  power,  which  allow  of  then 
fractional  precipitation,  and  identified  by  radiant  matter  spectroscopy  (page  274), 


« Heumann  assigns  to  ultramarine  the  formula  2Na2Al2Si208,Na2S2. 
f False  or  bone  turquoise  is  fossil  ivory,  owmg  its  colour  to  the  presence  of  the  natural 

blue  phosphate  of  iron. 
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when  nine  of  them  may  be  distinguished  by  their  phosphorescent  spectra,  though 
when  tested  by  the  spark-spectrum  they  give  the  bright  lines  formerly  supposed  to 
be  due  to  yttrium  only. 

Terbia  is  an  earth  very  similar  to  yttria,  with  which  it  is  associated  in  the 
mineral  Samar  shite,  which  also  contains  erbia,  holmia,  ytterbia,  and  thulia. 

Ytterbium  is  another  metal  recently  found  in  gadolinite. 

Philippium  has  been  obtained  from  Samarskite,  together  with  decipium. 

Scandium  is  believed  to  exist  in  the  earth  scandia  found  in  minute  proportion 
in  gadolinite.  The  earth  is  infusible  and  insoluble  in  alkalies.  The  atomic 
weight  of  scandium,  inferred  from  that  of  the  oxide  Sc203,  is  44,  which  places  it 
in  Newland’s  and  Mendelejeff’s  Table  (page  252)  in  Gro’up  3 between  aluminium 
and  gallium,  where  Mendelejeff  predicted  that  an  element  would  be  discovered 
(which  he  named,  in  anticipation,  ehabor ) the  oxide  of  which  would  have  the  pro- 
perties actually  found  to  characterise  scandia. 

208.  Lanthanium  (from  \av0drco,  to  escape  notice ) is  also  found  in  cerite,  but  it 
differs  from  cerium  in  forming  only  one  oxide  (La203),  which  is  white  in  the  hy- 
drated but  buff  in  the  anhydrous  state.  When  a mixture  of  nitrates  of  cerium  and 
lanthanium  is  calcined,  sesquioxide  of  cerium  and  oxide  of  lanthanium  are  left, 
and  may  be  separated  by  treatment  with  nitric  acid,  diluted  with  100  parts  of 
water,  which  dissolves  only  the  latter. 

209.  Didymium  (Sidv/xos,  twin ) is  very  similar  to  lanthanium,  which  is  associated 
with  it  in  cerite.  It  also  forms  but  one  oxide  * (Di2Os),  which  is  violet  when 
hydrated,  and  brown  when  anhydrous.  It  is  insoluble 'in  potash.  The  salts  of 
didymium  are  either  pink  or  violet.  Their  solutions  have  a remarkable  power  of 
absorbing  some  of  the  rays  of  the  spectrum,  so  that  the  spectroscope  affords  a 
very  delicate  test  for  this  metal.  + 

. 21°-  Zirconium  exists  in  the  rare  minerals  zircon  and  hyacinth,  in  which  its  oxide 
mi  coma  (Zr02)  is  combined  with  silicic  acid.  Zirconia  is  somewhat  similar  to 
alumina,  but  it  is  insoluble  in  potash,  and  dissolves  in  potassium  carbonate.  Its 
sulphate,  moreover,  is  decomposed  by  boiling  with  potassium  sulphate,  which 
removes  part  of  the  sulphuric  acid,  and  precipitates  basic  zirconium  sulphate. 
Metallic  zirconium  somewhat  resembles  amorphous  silicon,  but  it  decomposes 
water  slowly  at  the  boiling  point,  and  has  not  been  fused. 

. Zirconia,  made  into  a paste  with  solution  of  boric  acid,  and  strongly  heated 
in  iron  moulds,  yields  masses  which  become  even  more  brilliantly  luminous  than 
lime  when  heated  in  the  flame  of  the  oxyhydrogen  blowpipe  ( zirconia  lic/lit). 

. 2 11 -Gallium  is  found  in  very  small  quantities  in  certain  ores  of  zinc,  par- 
ticularly in  the  blende  from  Bensberg  in  the  Pyrenees.  The  roasted  ore  is  treated 
witfl  enough  sulphuric  acicl  to  dissolve  nearly  all  the  zinc.  The  residue,  containing 
e gallium,  is  dissolved  in  sulphuric  acid,  and  the  solution  partly  precipitated 
with  sodium  carbonate.  The  precipitate,  containing  all  the  gallium  and  part  of 
tne  zinc,  is  dissolved  in  sulphuric  acid,  largely  diluted  and  boiled,  to  precipitate 
tne  titanic  acid  The  solution  is  mixed  with  acid  ammonium  acetate,  and  treated 
with  hydrosu  phunc  acid.  The  precipitate,  containing  zinc  and  gallium,  is  dis- 
so  yea  m sulphuric  acid,  and  again  partially  precipitated  with  sodium  carbonate, 

^ a ^ePosfk  rich  in  gallium  ; this  is  dissolved  in  exactly  the  required 

quan  1 j of  sulphuric  acid,  diluted  and  boiled,  when  basic  gallium  sulphate  is 
eposited , on  dissolving  this  in  potash  and  decomposing  the  solution  by  the 
galvanic  current,  the  gallium  is  deposited  on  the  negative  pole. 

. 0a  -m^hard  white  metal  of  sp.  gr.  5.9,  remarkable  for  its  low  fusing  point 
.1  ’’  1 -Tl”  so  ^at  it  melts  with  the  heat  of  the  hand.  It  will  remain  liquid 

Tr  +1?  G0°,  -i  *ar  *JC^0W  temperature,  but  solidifies  when  touched  with  a piece 
ot  the  solid  metal. 

It  is  not  oxidised  by  dry  air  until  heated  nearly  to  redness,  and  the  oxidation  is 
en  only  superficial.  Nitric  acid  scarcely  acts  upon  it  in  the  cold, -but  dissolves 
on  heating.  Hydrochloric  acid  dissolves  it,  with  evolution  of  hydrogen.  Potash 
has  a similar  action. 

Gallium  sesquioxide,  Ga203,  left  on  igniting  the  nitrate,  is  white.  When  heated 


. ,|,.CC01  dln£  *-0  Frenchs,  two,  viz.,  DiO  and  Di203,  to  which  Brauner  has  added  Di„05. 

T , . 6 Pmeral  rhabdophane,  or  scovillite,  found  in  Cornwall,  and  formerly  believed  to 
n am  zinc  sulphide,  has  been  shown  by  Hartley  to  be  a hydrated  phosphate  of  cerium 
oiaymium,  lanthanium,  and  yttrium,  with  the  general  formula  11"'P0,.H20.  lieceut 
, es  ,iavu  shown  that  didymium  is  not  an  elementary  body,  but  may  bo  separated 

a least  two  others,  which  have  been  termed  neo-didymium  and  praseo-didymium. 
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in  hydrogen,  a part  sublimes,  and  the  rest  is  converted  into  a bluish  gray  sub- 
stance, which  appears  to  be  gallium  oxide,  GaO. 

Gallium  forms  two  chlorides,  GaCl2  and  Ga2Cl6 ; they  are  very  fusible,  volatile, 

and  deliquescent.  , , . ,, 

Gallium  sulphate  is  very  soluble  in  water  ; the  solution  deposits  a basic  salt 
when  boiled.  It  combines  with  ammonium  sulphate  to  form  an  alum,  the  solution 

of  which  is  also  precipitated  by  boiling.  ..... 

Ammonia  precipitates  solutions  of  gallium,  but  the  precipitate  is  more  easily 
soluble  in  excess  than  in  the  case  of  aluminium.  Ammonium  sulphide  gives  a 
precipitate  only  if  zinc  be  present,  when  the  gallium  is  precipitated  together  wi 
the  zinc.  Potash  gives  a precipitate  which  dissolves  easily  m excess.  Potassium 

ferrocyanide  produces  a white  precipitate.  . . , , , . ,, 

The  most  delicate  test  for  gallium  is  the  production  of  two  violet  bands  m the 
spectrum,  when  an  induction-spark  passes  from  the  positive  termma  0 a 
secondary  coil  to  the  surface  of  the  solution  under  examination  into  which  the 

negative  terminal  of  the  coil  is  made  to  dip. 

From  the  description  of  its  properties,  it  will  be  seen  that  gallium  bears  con- 
siderable resemblance  to  aluminium.  Its  atomic  weight  is  given  as  69.605. 

211  b.  Germanium,  Ge  = 72-3- — This  metal  has  been  recently  discovere  in  argy 

?0  It  Is  extracted  by  fusing  the  powdered  mineral  with  Na,CO:i  and  S,  extracting 
with  water,  neutralising  the  solution  with  H2SO^,  filtering  from  the  precipitated 
sulphur  and  arsenic  and  antimony  sulphides,  and  saturating  with  H2b,  wincn  pre- 
cipitates white  germanium  disulphide,  GeS2. 

Germanium  is  a white  brittle  metal  of  sp.  gr.  5.47.  It  fuses  at  about  900  C. 
and  volatilises  at  a higher  temperature.  The  fused  metal  crystallises  ni  octahe  a. 
It  dissolves  in  sulphuric  acid,  but  not  m hydrochloric.  Nitric  acid  converts  it 

into  white  GeO„.  . . 

It  forms  two  series  of  compounds,  the  germanious  and  germanic. 

Germanious  chloride,  GeCl,,  is  formed  by  passing  HC1  over  the  heated  metal, 

and  is  a colourless  fuming  liquid,  boiling  at  720  C.  . i<? 

Germanic  chloride,  GeCl4,  resulting  from  the  direct  union  of  its  elements,  is 
also  a liquid,  boiling  at  86°  C.  It  fumes  in  air,  and  is  decomposed  by  water 
Germanious  oxide,  GeO,  obtained  by  decomposing  GeCl,  with  KHO,  is  a re 
ducing  agent.  The  dioxide,  Ge02,  is  formed  when  the  metal  bums  m O , it  is 
whitef  and  sparingly  soluble  in  water,  from  which  it  may  be  crystallised.  I 

^GesT is°obtained  as  a white  precipitate  by  adding  H2S  to  a solution  of  GeO,  in 
HC1  or'  H„SO,.  In  the  absence  of  acid  it  is  somewhat  soluble  in  water,  and  the 
solution  evolves  H2S.  GeS,  is  dissolved  by  the  alkaline  hydrosulphides.  GeS  is 
obtained  in  dark  grey  lustrous  crystals,  red  by  transmitted  hg ht,  by  heating f * 

in  hydrogen.  Hot  solution  of  potash  decomposes  it  into  GeS,,  which  dissolves, 

and  germanium,  which  separates  in  minute  crystals.  ...  . , , , 

2if  SniUM  is  the  name  of  a metal  which  was  discovered,  with  the  help  of 
the  spectroscope,  in  a specimen  of  blende  from  Freiberg,  and  m some  calamines. 
Its  name  refers  to  an  indigo-blue  line  in  the  spectrum.  The  examination  of  the 
metal  is  as  yet  imperfect,  but  it  is  white,  malleable,  and  dissolves,  like  zinc  and 
cadmium  in  hydrochloric  acid.  Its  specific  gravity  is  7.42.  Easing  point,  .176  C. 
Less  easily  converted  into  vapour  than  zinc  or  cadmium.  Indium  dissolves  in  HC1, 
forming  InCl3;  in  HNOs,  forming  In(NOs)3;  and  m H,S04,  forming  In2(SOJ)3, 

in® scions  of  indium,  a white,  precipitate,  In(OH),;  in- 
soluble  in  excess.  Ammonium  carbonate  gives  a precipitate  soluble  111  excess  and 
• ; tori  iw  boilin°\  To  extract  indium  from  the  Freiberg  zinc,  the  metal  is 
boiled1  with  dilute  sulphuric  acid,  employed  in  such  quantity  as  to  leave  part  of 
1 • niasnlvpd  together  with  indium  and  lead.  The  residue  is  dissolved  m 

the  •Z(!n,C„p1  the  mad  and  cadmium  precipitated  by  hydrosulphuric  acid,  the  latter 
nitric  acid,  the  lead  ana  caa  i of  • ecipitated  from  the  solution  by 

expelled  by  j g,  precipitate  is  dissolved  in  hydrochloric  acid,  and 

barium  carbonate  When  ttaa  hydrate  is  precipitated,  and  may  be 

excess  of  ammo  . T At  a bright  red  heat  it  burns  with  a violet  blue 

of  indium,  In,Os.  The  atomic  weight  of  indrum 

2 1 3. "^Cerium  is  found  in  gadolinite,  but  more  abundantly  in  cerite,  which  is 
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■essentially  a silicate  of  cerium.  Phosphate  of  cerium  ( cryptolite ) has  also  been 
found  in  brown  apatite.  Ike  mineral  Jiuocerite  is  Ce2F6,  and  fluocerine  is  an  oxy- 
fluoride.  This  metal  has  been  employed  medicinally  in  the  form  of  oxalate  of 
cerium.  It  forms  two  basic  oxides  : cerous  oxide,  Ce.,03,  which  forms  colourless 
salts,  and  ceric  oxide,  CeO„,  which  is  yellow,  and  gives  yellow  or  red  salts.  In 
this  respect  cerium  more  nearly  resembles  iron  than  aluminium.  These  oxides  of 
cerium  are  insoluble  in  the  alkalies ; cerous  oxide  is  easily  precipitated  from  its 
salts  by  oxalic  acid  in  the  form  of  the  oxalate  mentioned  above.  Ceric  oxide  does 
not  appear  to  form  a corresponding  chloride,  but  yields  cerous  chloride  and  free 
chlorine  when  heated  with  hydrochloric  acid.  Tetrafluoride  of  cerium,  CeP  has 
been  obtained. 

Metallic  cerium  has  been  obtained  by  electrolysing  cerous  chloride  ; it  resembles 
iron  in  colour  and  lustre,  is  unaltered  by  dry  air,  but  becomes  iridescent  in  moist 
an-.  It  is  malleable,  and  may  be  drawn  into  wire  when  hot.  Its  sp.  gr.  is  about 
6.7.  Its  fusing  point  is  below  that  of  silver.  Cerium  may  be  kindled  in  air  more 
easily  than  magnesium,  and  burns  more  brightly ; it  gives  brilliant  sparks  when 
struck  with  a flint.  Hydrochloric  acid  and  dilute  sulphuric  and  nitric  acids  dis- 
solve it. 


2 14.  UitAxiuir.— This  is  a rare  metal  never  employed  in  the  metallic  state,  but  in 
the  form  of  sesquioxide  (U203)  and  black  oxide  (2U0.U.,03),  for  imparting  yellow 
and  black  colours  respectively  to  glass  and  porcelain.  The  chief  source  of  these 
compounds  is  the  mineral  pitcli-Uende,  which  contains  a large  proportion  of  black 
oxide  of  uranium,  together  with  silica,  iron,  copper,  lead,  and  arsenic.  In  its 
chemical  relations  uranium  presents  some  similarity  to  iron  and  manganese.  It 

“t66  T*  0Xidef’1  U°’  UA>  and  U04t  of  which  the  first  is  decidedly  basic, 
list  the  second  is  capable  of  acting  both  as  an  acid  and  a base,  and  the  third  is 
inaiflerent.  The  bright  greenish-yellow  colour  of  the  salts  of  the  sesquioxide  of 
uranium  is  characteristic  of  the  metal,  and  glass  coloured  with  this  oxide  exhibits 
1 emai'kable  optical  effect  of  fluorescence  in  a very  high  degree. 

Tinfwf10  KltS  (de1rivled.frT  UA)  are  reduced  to  uranous  salts  (derived  from 
ah  i-  6 actl0n  hght  m the  presence  of  organic  substances. 

Alkaline per-uranates  have  been  obtained  ; the  potassium  salt  is  K,UO„.  ioH.,0. 

.AortlfPTrfenS1itleS°f  the  tetrachloride  and  tetrabromide  of  uranium  lead"  to 
-40  (instead  of  120)  as  the  atomic  weight  of  this  metal. 


IRON. 

Fe”  = 56  parts  by  weight.  (Fe„)vi=  112. 

21 5.  This  most  useful  of  all  metals  is  one  of  those  most  widely  and 
abundantly  diffused  in  nature.  It  is  to  be  found  in  nearly  all  forms  of 
lock  clay  sand,  and  earth,  its  presence  in  these  being  commonly  indi- 
ca  e<  >y  eir  co  oui  s,  for  iron  is  the  commonest  of  natural  mineral 

l-111:"  ingIT  U'nPs'  ^ *s  aPso  f°uiid,  though  in  small  proportion,  in 
! inn  iS’  V*'  /n  aA?r  quantity  in  the  bodies  of  animals,  especially  in  the 
• . • ’ W “ o°n  ains  about  0.5  per  cent,  of  Ron  in  very  intimate  asso- 
ciation with  its  colouring-matter. 

nlrnncf  °U  \s  vei7  rarely  found  in  the  metallic  state  in  nature,  being 
M f n-Varia  y combined  either  with  oxygen  or  sulphur. 
m f a 1C  U,°n  1S  however,  in  the  meteorites  or  metallic 

0 iaies  °f  enormous  size,  and  of  unknown  origin,  which 

bni  +TU'.1  \ .a  ,uPon  earfh*  Of  these,  iron  is  the  chief  component, 
„ eie  are  a.so  generally  present  cobalt,  nickel,  chromium,  man- 
ipVSe’  a<?PP®r  ’ ln7  rnagnesium,  carbon,  phosphorus,  and  sulphur, 
flbi-md  C lie , 01  °f  eombination  in  which  iron  is  found  in  sufficient 

in  thefollowingfobfo*:^  aVa°able  aS  SOurces  of  the  meta1’  are  shown 
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Ores  of  Iron. 


Common  Name. 

Chemical  Name. 

Composition. 

Magnetic  iron  ore 
Red  haematite  . } 

Specular  iron  . )’ 

Brown  haematite 
Spathic  iron  ore 
Clay  iron-stone  . 
Blackband . 

Iron  pyrites 

Ferroso-ferric  oxide 

Ferric  oxide 

Ferric  hydrate  .... 

Ferrous  carbonate  . . 

Ferrous  carbonate  with  clay 
Ferrous  carbonate  with  clay  and 
bituminous  matter 
Bisulphide  of  iron  .... 

Fe304 

Fe203 

2Fe203.3H20 

FeC03 

FeS, 

These  ores  are  frequently  associated  with  extraneous  minerals,  some 
of  the  constituents  of  which  are  productive  of  injury  to  the  quality  of 
the  iron.  It  is  worthy  of  notice  that  scarcely  one  of  the  ores  of  iron  is 
entirely  free  from  sulphur  and  phosphorus,  substances  which  will  be 
seen  to  have  a very  serious  influence  on  the  quality  of  the  iron  extracted 
from  them,  and  the  presence  of  which  increases  the  difficulty  of  obtaining' 

the  metal  in  a marketable  condition. 

The  following  table  illustrates  the  general  composition  of  the  most 
important  English  ores  of  iron,  with  reference  to  the  proportions  of  iron, 
and  of  those  substances  which  materially  influence  the  character  of  the 
iron  extracted  from  the  ore,  viz.,  manganese  (present  as  oxide  or  car- 
bonate), phosphorus  (present  as  phosphates),  and  sulphur  (present  as 
bisulphide  of  iron).  The  maximum  and  minimum  quantities  found  in 
each  ore  are  specified. 

British  Iron  Ores* 


In  ioo  parts. 

Iron. 

Oxide  of 
Manganese, 
MnO. 

Phosphoric 

Anhydride, 

P205. 

Bisulphide 
of  Iron 
(Pyrites). 

No.  of 
Samples 
Analysed. 

Clay  iron-stone  from  coal-measures 
Clay  iron-stone  from  the  lias  . 
Brovra  hcematite  .... 
Bed  hcematite  .... 

Spathic  ore 

Magnetic  ore 

Max. 

43-3? 

49.17 

63.04 

69.10 

49.78 

57 

Min. 

20.95 

17-34 

11.98 

47-47 

13.98 

OI 

Max. 

3-3° 

1.30 

1.60 

I-I3 
12  64 
0. 

Min. 

0.46 

trace 

trace 

i-93 

14 

Max. 
1.42 
5 05 
3-W 
trace 
0.22 
0. 

Min. 

0.07 

trace 

10 

Max. 

1. 21 
1.60 
0.30 
0.06 
0. 11 

1 °- 

Min. 

07 

77 

12 

23 

5 

6 
X 

From  this  table  it  will  be  gathered  that,  among  the  most  abundant  of 
the  iron  ores  of  this  country,  red  haematite  is  the  richest  and  purest, 
whilst  the  brown  haematite  often  contains  considerable  proportions  of 
sulphur  and  phosphorus,  and  the  spathic  ore,  though  containing  little 
sulphur  and  phosphorus,  often  contains  much  manganese. 

The  argillaceous  ores,  or  clay  iron-stones  found  in  the  has,  contain 
more  phosphorus  than  those  from  the  coal-measures;  and  these  latter, 
as  a General  rule,  contain  more  sulphur  (pyrites)  than  the  former, 
although  the  maximum  in  the  table  does  not  show  this. 

Ciav  iron-stone  is  the  ore  from  which  the  largest  quantity  of  iron  is 
extracted  in  England,  since  it  is  found  abundantly  in  the  coal-measures 
of  Staffordshire,  Shropshire,  and  South  Wales  ; and  it  is  a circumstance 
of  great  importance,  in  the  economy  of  English  iron-smelting,  that  the 


* 


This  table  has  been  compiled 


from  the  analysis  given  in  Tercy/1  On  Iron  and  Stjel.  ’ 
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coal  and  limestone  required  in  the  smelting  process,  and  even  the  fire- 
clay employed  in  the  construction  of  the  furnace,  are  found  in  the 
immediate  vicinity  of  the  ore. 

Blackbancl  is  the  clay  iron-stone  found  in  the  coal-fields  of  Scotland, 
and  often  contains  between  20  and  30  per  cent,  of  bituminous  matter, 
which  contributes  to  the  economy  of  fuel  in  smelting  it. 

lied  haematite  (Fe203)  is  the  most  characteristic  of  the  ores  of  iron, 
occurring  in  hard,  shining,  rounded  masses,  with  a peculiar  fibrous 
structure  and  a dark  red-brown  colour,  whence  the  ore  derives  its  name 
(cu/ua,  blood).  It  is  found  in  considerable  quantities  in  Lancashire  and 
Cornwall,  but  unfortunately  its  very  compact  structure  is  an  obstacle  to 
its  being  smelted  alone,  so  that  it  is  generally  mixed  with  some  clay 
iron-stone,  and  hence  the  iron  obtained  is  not  so  free  from  sulphur  and 
phosphorus  as  if  it  were  extracted  from  haematite  alone. 

Red  ochre  is  a soft  variety  of  this  ore,  containing  a little  clay. 

Brovm  haematite  (2Fe203.3H,0)  is  found  at  Alston  Moor  (Cumberland) 
and  in  Durham,  but  it  is  more  abundant  on  the  Continent,  and  is  the 
source  of  most  of  the  Belgian  and  French  irons.  Pea  iron  ore  and  yellow 
ochre  are  varieties  of  brown  haematite.  The  Scotch  ore,  called  kidney- 
form  clay  iron-stone,  is  really  an  ore  of  this  class. 

Specular  iron  ore  (Fe,03)  ( oligist  ore  or  iron-glance),  although  of  the 
same  composition  as  red  haematite,  is  very  different  from  it  in  appear- 
ance, having  a steel-grey  colour  and  a brilliant  metallic  lustre.  The 
island  of  Elba  is  the  chief  locality  where  this  ore  is*  found,  but  it  also 
occurs  in  Germany,  France,  and  Russia.  The  excellent  quality  of  the 
iron  smelted  from  this  ore  is  due  partly  to  the  purity  of  the  ore,  and 
paitly  to  the  circumstance  that  charcoal,  and  not  coal,  is  employed  in 
smelting  it. 

Magnetic  iron  ore  (Fe304),  of  which  the  loadstone  is  a variety,  has  a 
mme  granular  structure,  and  a dark  iron-grey  colour.  It  forms  moun- 
tainous masses  in  Sweden,  and  is  also  found  in  Russia  and  North 
Ameiica.  It  is  generally  smelted  with  charcoal,  and  yields  an  excellent 
iron. . Iron  sand,  a peculiar  heavy  black  sand  of  metallic  lustre,  con- 
sists in  great  measure  of  the  magnetic  ore,  but  contains  a very  large 
proportion  of  titanium.  It  is  found  abundantly  in  India,  Nova  Scotia, 
and  IS  ew  Zealand  j but  its  fine  state  of  division  prevents  it  from  being 
largely  available  as  a source  of  iron. 

Spathic  iron  ore  (I eCOJ  is  found  in  abundance  in  Saxony,  and  often 
contains  a considerable  quantity  of  manganese  carbonate,  which 
influences  the  character  of  the  metal  extracted  from  it. 

The  oolitic  iron  ore,  occurring  in  the  Northampton  oolite,  contains 
oth  hydrated  sesquioxide  and  carbonate  of  iron,  together  with  clay. 

Iron  pyrites  (FeS2)  is  remarkable  for  its  yellow  colour,  its  brilliant 
metallic  lustre,  and  crystalline  structure,  being  generally  found  either 
m distinct  cubical  or  dodecahedral  crystals,  or  in  rounded  nodules  of 
radiated  structure.  It  was  formerly  disregarded  as  a source  of  iron, 
on  account  of  the  difficulty  of  separating  the  sulphur ; but  an  inferior 
'quality  of  the  metal  has  been  extracted  from  the  residue  left  after  burn- 
ing the  pyrites  in  the  manufacture  of  oil  of  vitriol  (page  203),  the 
residue  being  first  well  roasted  in  a lime-kiln  to  remove  as  much  as  pos- 
sible of  the  sulphur. 

The  quantity  of  iron  ore  raised  annually  in  this  country  is  estimated 
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at  about  16  million  tons,  of  which  about  9 millions  are  clay  and  cal- 
careous iron-stones  (chiefly  the  former)  from  the  lias  formations  of 
North  Yorkshire,  Lincolnshire,  Northamptonshire,  Oxford,  and  Wilt- 
shire ; 4I  millions  are  clay  iron-stones  of  the  coal  formations  in  Scot- 
land, England,  and  Wales;  and  about  2I  millions  are  hsematites  and 
spathic  ores. 

216.  Metallurgy  of  iron. — Iron  owes  the  high  position  which  it  occupies 
among  useful  metals  to  a combination  of  valuable  qualities  not  met  with 
in  any  other  metal.  Although  possessing  nearly  twice  as  great  tenacity 
or  strength  as  the  strongest  of  the  other  metals  commonly  used  in  the 
metallic  state,  it  is  yet  one  of  the  lightest,  its  specific  gravity  being  only 
7.7,  and  is  therefore  particularly  well  adapted  for  the  construction  of 
bridges  and  large  edifices,  as  well  as  for  ships  and  carriages.  It  is  the- 
least  yielding  or  malleable  of  the  metals  in  common  use,  and  can  there- 
fore be  relied  upon  for  affording  a rigid  support  ; and  yet  its  ductility  is 
such  that  it  admits  of  being  rolled  into  the  thinnest  sheets  and  drawn 
into  the  finest  wire,  the  strength  of  which  is  so  great  that  a wire  of  q^th 
inch  in  diameter  is  able  to  sustain  7°5  pounds,  while  a similar  wire  of 
copper,  which  stands  next  in  order  of  tenacity,  will  not  support  more 
than  385  pounds. 

Being,  with  the  exception  of  platinum,  the  least  fusible  of  useful  metals, 
iron  is  applicable  to  the  construction  of  fire-grates  and  furnaces.  A or 
are  its  qualifications  all  dependent  upon  its  physical  properties,  for  it  not 
only  enters  into  a great  number  of  compounds  which  are  of  the  utmost 
use  in  the  arts,  but  its  chemical  relations  to  one  of  the  non-metallic 
elements,  carbon,  are  such,  that  the  addition  of  a small  quantity  of  this 
element  converts  it  into  steel , far  surpassing  iron  in  the  valuable  proper- 
ties of  hardness  and  elasticity;  whilst  a larger  quantity  of  carbon  gives 
rise  to  cast-iron , the  greater  fusibility  of  which  permits  it  to  be  moulded 
into  vessels  and  shapes  which  could  not  be  produced  by  forging. 

217.  English  'process  of  smelting  clay  iron-stone. — The  first  step  towards 
the  extraction  of  the  metal  consists  in  calcining  (or  roasting)  the  ore,  in 
order  to  expel  water  and  carbonic  acid  gas.  To  effect  this  the  ore  is 
sometimes  built  up,  together  with  a certain  amount  of  small  coal,  into 
long  pyramidal  heaps,  resting  upon  a foundation  of  large  lumps  of  coal ; 
blackband  often  contains  so  much  bituminous  matter  that  any  other  fuel 
is  unnecessary.  These  heaps  are  kindled  in  several  places,  and  allowed 
to  burn  slowly  until  all  the  fuel  is  consumed.  This  calcination  has  the 
effect  of  rendering  the  ore  more  porous,  and  better  fitted  for  the  smelting 
process.  If  the  ore  contained  much  sulphur,  a part  of  it  would  be  ex- 
pelled by  the  roasting  in  the  form  of  sulphurous  acid  gas.  The  FeCOs  is 
converted  into  Fe„03,  which  is  less  likely  to  combine  with  silica  and  form 

a fusible  slag.  , ...  v 

More  commonly  the  calcination  is  effected  111  kilns  resembling  lime- 
kilns, and  it  is  often  altogether  omitted  as  a separate  process,  the  expul- 
sion of  the  water  and  carbonic  acid  gas  being  then  effected  in  the  smelting- 

furnace  itself  as  the  ore  descends. 

The  calcined  ore  is  smelted  in  a huge  East  furnace  (fig.  236)  from  fifty 
to  eighty  feet  high,  built  of  massive  masonry,  and  lined  internally  with 
firebrick.  Since  it  would  be  impossible  to  obtain  a sufficiently  high  tem- 
perature with  the  natural  draught  of  this  furnace,  air  is  forced  into  it 
at  the  bottom,  under  a pressure  of  three  or  four  pounds  (sometimes  even 
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ten)  upon  the  inch,  through  tuyere  or  tvnjer  pipes,  the  nozzles  of  which 
pass  through  apertures  in  three  sides  of  the  furnace. 

It  would  be  very  easy  to  reduce  to  the  metallic  state  the  oxide  of  iron 
contained  in  the  calcined  ore,  by  simply  throwing  it  into  this  furnace, 
together  with  a proper  quantity  of  coal,  coke,  or  charcoal ; but  the 
metallic  iron  fuses  with  so  great  difficulty,  that  it  is  impossible  to  sepa- 
rate it  from  the  clay  unless  this  latter  is  brought  into  a liquid  state  ; 
and  even  then  the  fusion  of  the  iron,  which  is  necessary  for  complete 
separation,  is  only  effected  after  it  has  formed  a more  easily  fusible 
compound  with  a small  proportion  of  carbon  derived  from  the  fuel. 


Fig.  236. — Blast-furnace  for  smelting  iron  ores. 

Now,  clay  is  even  more  difficult  to  fuse  than  iron,  so  that  it  is  neces- 
sary  to  add,  in  the  smelting  of  the  ore,  some  substance  capable  of  form- 
ing with  the  clay  a combination  which  is  fusible  at  the  temperature  of 
the  furnace.  If  clay  (silicate  of  alumina)  be  mixed  with  limestone 
(carbonate  of  lime),  and  exposed  to  a high  temperature,  carbonic  acid 
gas  is  expelled  from  the  limestone,  and  the  lime  unites  with  the  clay, 
forming  a double  silicate  of  alumina  and  lime,  which  becomes  perfectly 
liquid,  and,  when  cool,  solidifies  to  a glass  or  slag.  The  limestone  is 
here  said  to  act  as  a,  flux,  because  it  induces  the  clay  to  flow  in  the  liquid 
state.  In  order,  therefore,  that  the  clay  may  be  readiiy  separated  from 
ne  metallic  iron,  the  calcined  ore  is  mixed  with  a certain  proportion  of 
limestone  before  being  introduced  into  the  furnace. 
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Great  care  is  necessary  in  first  lighting  the  blast-furnace  lest  the  new 
masonry  should  be  cracked  by  too  sudden  a rise  of  temperature,  and, 
when  once  lighted,  the  furnace  is  kept  in  constant  work  for  years  until 
in  want  of  repair.  When  the  fire  has  been  lighted,  the  furnace  is 
filled  up  with  coke,  and  as  soon  as  this  has  burnt  down  to  some  distance 
below  the  chimney,  a layer  of  the  mixture  of  calcined  ore  with  the 
requisite  proportion  of  limestone  is  thrown  upon  it ; over  this  there  is 
placed  another  layer  of  coke,  then  a second  layer  of  the  mixture  of  ore 
and  flux,  and  so  on,  in  alternate  layers,  until  the  furnace  has  been 
filled  up ; when  the  layers  sink  down,  fresh  quantities  of  fuel,  ore,  and 
flux  are  added,  so  that  the  furnace  is  kept  constantly  full.  As  the  air 
passes  from  the  tuyere  pipes  into  the  bottom  of  the  furnace,  it  parts 
with  its  oxygen  to  the  carbon  of  the  fuel,  which  it  converts  into  car- 
bonic acid  gas  (C02) ; the  latter,  passing  over  the  red-hot  fuel  as  it 
ascends  in  the  furnace,  is  converted  into  carbonic  oxide  (CO)  by  coin- 
bining  with  an  additional  quantity  of  carbon.  . It  is  this  carbonic  oxide 
which  reduces  the  calcined  ore  to  the  metallic  state,  when  it  comes  m 
contact  with  it,  at  a red  heat,  in  the  upper  part  of  the  furnace,  for 
carbonic  oxide  removes  the  oxygen,  at  a high  temperature,  from  e 
oxides  of  iron,  and  becomes  carbonic  acid  gas ; the  iron  so  reduced 
decomposes  another  portion  of  the  carbonic  oxide  and  enters  into 
combination  with  a small  proportion  of  carbon  to  form  cast-iron, 
which  fuses  and  runs  down  into  the  crucible  or  cavity  for  its  le- 
ception  at  the  bottom  of  the  furnace.  The  clay  contained  m the  ore 
is  acted  upon  by  the  lime  of  the  flux,  producing  a double  silicate  of 
alumina  and  lime,  which  also  falls  in  the  liquid  state  into  the  crucible, 
where  it  forms  a layer  of  “slag"  above  the  heavier  metal.  This  slag, 
which  has  five  or  six  times  the  bulk  of  the  iron,  is  allowed  to  accumu- 
late in  the  crucible,  and  to  run  over  its  edge  down  the  incline  upon 
which  the  blast-furnace  is  built  • but  when  a sufficient  quantity  of  cast- 
iron  has  collected  at  the  bottom  of  the  crucible,  it  is  run  out  through  a 
hole  provided  for  the  purpose,  either  into  channels  made  m a bed  of 
sand,  or  into  iron  moulds,  where  it  is  cast  into  rough  semi-cylindrica 
masses  called  pigs,  whence  cast-iron  is  also  spoken  of  as  pig-iron.  I e 
temperature  of  the  furnace  is,  of  course,  highest  in  the  immediate 
neighbourhood  of  the  tuyeres;  the  reduction  of  the  iron  to  the  metallic 
state  appears  to  commence  at  about  two-thirds  of  the  way  down  the 
furnace^  the  volatile  matters  of  the  ore,  fuel,  and  flux  being  driven  off 

before  this  point  is  reached.  . . 

Some  idea  maybe  formed  of  the  immense  scale  upon  which  the 

smeltin"  of  iron  ores  is  carried  out,  when  it  is  stated  that  each  furnace 
consumes,  in  the  course  of  twenty-four  hours,  about  5°^ns  of  coa 
-j0  tons  of  ore,  6 tons  of  limestone,  and  ioo  tons  of  air.  The  cast-iro 
is  run  off  from  the  crucible  once  or  twice  in  twelve  hours,  m quantities 
of  five  or  six  tons  at  a time.  The  average  yield  of  calcined  clay  iron- 

SX^SPe^g°fam  to  chimney  of  the  blast-furnace  are  highly 
inflammSe  Z they  contain,  beside  the  nitrogen  of  the  air  blown 
into  the  furnace,  a considerable  quantity  of  carbonic  oxide  and  some 
hvdrooen  together  with  the  carbonic  acid  gas  formed  by  the  action  of 
the  carbonic  oxide  upon  the  ore.  Since  the  carbonic  oxide  and  hydrogen 
co, ite  considerable  heating  power  upon  these  gases,  they  are  employed, 
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in  some  iron-works,  for  heating  steam-boilers,  or  for  calcining  the  ore, 
or  for  raising  the  temperature  of  the  blast. 

The  composition  of  the  gas  issuing  from  a hot-blast  furnace  (fed  with  uncoked 
coal)  may  be  judged  of  from  the  following  table : — 


Nitrogen  . 
Carbonic  oxide 
Hydrogen 


Gas  from  Blast-Furnace,  in  100  vols. 


• 55-35  v«ls 

• 25.97  ,, 

• 6.73  „ 


Carbonic  acid  gas 
Marsh  gas  . 
Olefiant  gas 


7.77  vols. 
3-75  .. 
0.43  >> 


The  carbonic  oxide,  of  course,  renders  these  gases  highly  poisonous,  and  fatal 
accidents  occasionally  happen  from  this  cause. 

Although  the  bulk  of  the  nitrogen  present  in  the  air  escapes  unchanged  from 
the  furnace,  it  is  not  improbable  that  a portion  of  it  contributes  to  the  formation 
of  the  cyanide  of  potassium  (KCN),  which  is  produced  in  the  lower  part  of  the 
furnace,  the  potassium  being  furnished  by  the  ashes  of  the  fuel. 

The  hot  blast. — On  considering  the  enormous  quantity  of  air  which 
passes  through  the  blast-furnace,  it  will  be  seen  that  it  occasions  the 
loss  of  a considerable  amount  of  heat.  In  order  to  economise  the  fuel, 
hot-blast  furnaces  are  fed  with  air  of  which  the  temperature  is  raised 
to  about  900  F.,  by  passing  it  through  heated  iron  pipes  or  over  hot 
firebricks  before  allowing  it  to  enter  the  blast-furnace.  The  higher 
temperature  which  is  thus  attained  permits  the  use  of  uncoked  coal, 
which  would  not  have  given  enough  heat  in  a cold-blast  furnace,  and 
the  same  quantity  of  ore  may  he  smelted  with  less  than  half  the  coal 
formerly  employed,  since  the  blast  may  be  heated  by  means  of  the 
waste  heat  of  the  furnace.  It  appears,  however,  that  the  hot-blast  iron 
is  inferior  in  quality  to  that  obtained  from  the  same  ore  in  a cold-blast 
furnace,  and  this  is  generally  explained  by  referring  to  the  larger 
quantity  of  sulphur  contained  in  the  raw  coal  • to  the  circumstance, 
that  the  cast-iron  being  exposed  to  a much  higher  temperature  in  the 
hot-blast  furnace  is  more  liable  to  receive  and  retain  a larger  amount 
of  foieign  substances  j and  (most  important  of  all)  to  the  custom  of 
extracting  iron  in  a hot-blast  furnace  from  slags  obtained  in  the  sub- 
sequent processes  of  the  iron-manufacture,  which  could  not  be  smelted 
m a cold-blast  furnace.  These  slags  always  contain  sulphur  and  phos- 
phorus, and  therefore  yield  an  inferior  quality  of  iron.  Hence  the 
distinction  commonly  drawn  between  mine  iron  extracted  from  the  ore 
without  admixture  of  slags,  and  cinder  iron  (or  kentledge)  in  the  pre- 
paration of  which  slag  or  cinder  has  been  employed. 

Tlie  slag  from  the  blast  furnace  is  essentially  a glass  composed  of  a 
ou  e silicate  of  aluminium  and  calcium,  the  composition  of  which  varies 
much  according  to  the  nature  of  the  earthy  matters  in  the  ore,  and  the 

composition  of  the  flux.  Its  colour  is  generally  grey,  streaked  with  blue, 

. green,  or  brown.  J & J ’ 

■pke  nature  of  the  flux  employed  must,  of  course,  be  modified  according 
° e composition  of  the  earthy  substances  (or  gangue ) present  in  the 
?.re’  . Where  c°nsists  of  clay  (silicate  of  alumina)  the  addition  of 
ime  (which  is  sometimes  added  in  the  form  of  limestone  and  sometimes 
as  quicklime)  will  provide  for  the  formation  of  the  double  silicate  of 
a umma  and  lime.  But  if  the  iron-ore  happened  already  to  contain  lime- 
s one,  an  addition  of  clay  would  be  necessary,  or  if  quartz  were  present, 
consisting  of  silica  only,  both  lime  and  alumina  (in  the  form  of  clay)  will 
e necessary  as  a flux.  It  is  sometimes  found  economical  to  employ  a 
mix  ure  of  ores  containing  different  kinds  of  gangue,  so  that  one  may 
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serve  as  a flux  to  the  other.  If  a proper  proportion  of  lime  were  not 
added,  a portion  of  the  oxide  of  iron  would  combine  with  the  silica  and 
be  carried  off  in  the  slag ; but  if  too  large  a quantity  of  lime  be  employed, 
it  will  diminish  the  fusibility  of  the  slag,  and  prevent  the  complete 
separation  of  the  iron  from  the  earthy  matter.  The  most  easily  fusible 
slag  which  can  be  formed  by  the  action  of  lime  upon  clay  has  the  com- 
position 6CaO.AhO3.9SiO, ; but  in  English  furnaces,  where  coal  and 
coke  are  employed,  it  is  found  necessary  to  employ  a larger  proportion 
of  lime  to  convert  the  sulphur  of  the  fuel  into  calcium  sulphide,  so  that 
the  slag  commonly  has  a composition  more  nearly  represented  by  the 
formula  12CaO.2AhO3.9SiO,,  which  would  express  a compound  of 
6 molecules  of  normal  calcium  silicate  with  1 molecule  of  normal 
aluminium  silicate  • 6Ca,Si04.Al4(Si04)3. 

Since  iron,  manganese,  and  magnesium  are  commonly  found  occupying 
the  place  of  a portion  of  the  calcium,  a more  general  formula  for  the  slag 
from  English  blast-furnaces  would  be  6(CaEeMnMg),Si04.Al4(Si04)3. 

A fair  impression  of  the  ordinary  composition  of  the  slag  from  blast- 
furnaces is  conveyed  by  the  following  table  : — 


Slag  from  Blast-Furnace  ; in  1 00  parts 

Silica  .... 

Alumina 

Lime  .... 

Magnesia 

Oxide  of  iron  (FeO)  . 

From  10  to  30  cwt.  of  slag  are  produced  per  ton  of  cast-iron  smelted. 


43-07 

14.85 

28.92 

5-87 

2-35 


Oxide  of  manganese  (MnO)  . 1.37 

Potash  (K20)  ....  1.84 

Sulphide  of  calcium  . . 1.90 

Phosphoric  oxide  (P205) . . trace 


These  slags  are  sometimes  run  from  the  blast-furnace  into  iron  moulds, 
in  which  they  are  cast  into  blocks  for  rough  building  purposes.  The 
presence  of  a considerable  proportion  of  potash  has  led  to  experiments 
upon  their  employment  as  a manure,  for  which  purpose  they  have  been 
blown  out,  when  liquid,  into  a finely  divided  frothy  condition  fit  for 
grinding  and  applying  to  the  soil.  By  blowing  steam  through  the  slag 
it  is  converted  into  a substance  resembling  spun  glass,  and  used,  under 
the  name  of  mineral  cotton -,  for  packing  round  steam-pipes,  &c. 

218.  Cast-iron  is,  essentially,  composed  of  iron  with  from  2 to  5 per 
cent,  of  carbon,  but  always  contains  other  substances  derived  either  from 
the  ore  or  from  the  fuel  employed  in  smelting  it.  On  taking  into  con- 
sideration the  energetic  de-oxidising  action  in  the  blast-furnace,  it  is  not 
surprising  that  portions  of  the  various  oxygen  compounds  exposed  to  it 
should  part  with  their  oxygen,  and  that  the  elements  thus  liberated  should 
find  their  way  into  the  cast-iron.  In  this  way  the  silica  is  reduced,  and 
its  silicon  is  found  in  cast-iron  in  quantity  sometimes  amounting  to  3 or 
4 per  cent.  Ilfematite  pig  is  usually  rich  in  silicon,  from  the  presence  ol 
silica  in  an  easily  reducible  condition  in  the  ore.  Sulphur  and  phos- 
phorus are  also  generally  present  in  cast-iron,  but  in  very  much  smaller 
quantity  • their  presence  diminishes  its  tenacity,  and  the  smelter  endea- 
vours to  ’exclude  them  as  far  as  possible,  though  a small  quantity  of 
phosphorus  appears  to  be  rather  advantageous  for  some  castings,  since 
it  augments  the  fusibility  and  fluidity  of  the  cast-iron  The  sulphur  is 
chiefly  derived  from  the  coal  or  coke  employed  in  smelting  and  tor  tins 
reason  charcoal  would  be  preferable  to  any  other  fuel  if  it  could 
obtained  at  a sufficiently  cheap  rate.  The  iron-works  of  America  a 
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those  of  the  European  continent  enjoy  a great  advantage  in  this  respect 
over  those  of  England.  The  phosphorus  is  obtained  chiefly  from  the 
phosphates  existing  in  the  ore  or  in  the  flux.*  It  appears  to  exist 
in  the  iron,  at  least  in  some  cases,  as  Ee4P.  The  proportion  of  phos- 
phorus taken  up  by  the  cast-iron  increases  with  the  temperature  of  the 
blast-furnace.  Manganese,  amounting  to  1 or  2 per  cent.,  is  often  met 
with  in  cast-iron,  having  been  reduced  from  the  oxide  of  manganese, 
which  is  generally  found  in  iron  ores.  Other  metals,  such  as  chromium, 
cobalt,  <fec.,  are  also  occasionally  present,  though  in  such  small  quantities 
as  to  be  of  no  importance  in  practice. 

The  following  table  exhibits  the  largest  and  smallest  proportion  of  the 
various  elements  determined  in  the  analysis  of  upwards  of  a hundred 
specimens  of  cast-iron  : — 


Composition  of  Cast-Iron.f 


Maximum.  Minimum. 

Carbon 
Silicon 
Sulphur  . 

Phosphorus 
Manganese 
Iron 

In  order  to  understand  the  difference  observed  in  the  several  varieties 
of  cast-iron,  it  is  necessary  to  consider  the  peculiar  relations  between  iron 
and  carbon.  Iron  fused  in  contact  with  carbon  is  capable  of  combining 
with  nearly  6 per  cent,  of  that  element,  to  form  a white,  brilliant,  and 
brittle  compound,  which  may  be  represented  pretty  nearly  as  composed 
of  Fe(C.  Under  certain  circumstances,  as  this  compound  of  iron  and 
carbon  cools,  a portion  of  the  carbon  separates  from  the  iron,  and  remains 
disseminated  throughout  the  mass  in  the  form  of  minute  crystalline  par- 
ticles very  much  resembling  natural  graphite.  If  a broken  piece  of  iron 
containing  these  scales  be  examined,  the  fracture  will  be  found  to  exhibit 
a moie  or  less  dark  grey  colour,  due  to  the  presence  of  the  uncombined 
cai  ion,  and  for  this  reason  a cast-iron  in  which  a portion  of  the  carbon 
as  thus  separated  is  commonly  spoken  of  as  grey  iron,  whilst  that  in 
which  the  whole  of  the  carbon  has  remained  in  combination  with  the 
metal  exhibits  a white  fracture,  and  is  termed  white  iron  or  bright  iron. 
ntermediate  between  these  is  the  variety  known  as  mottled  iron,  which 
e appearance  of  a mixture  of  the  grey  and  white  varieties, 
le  different  condition  of  the  carbon  in  the  two  varieties  of  cast-iron 
is  rencered  apparent  when  the  metal  is  dissolved  in  diluted  sulphuric  or 
n(ioclil°ric  acid,  for  any  carbon  which  exists  in  the  uncombined  state 
W1  ien  whilst  that  which  had  been  in  combination  with  the 

non  passes  off  in  the  form  of  peculiar  compounds  of  carbon  and  hydrogen, 
v 11c  1 impart  the  disagreeable  odour  perceived  in  the  gas  evolved  when 
tlie  metal  is  dissolved  in  an  acid. 

The  properties  of  these  two  varieties  of  cast-i  ron  are  widely  different, 
gre)  non  being  so  soft  that  it  may  be  turned  in  a lathe,  whilst  the 
^ / e 11  on  *s.  extremely  hard,  and  of  higher  specific  gravity.  Again, 
a lough  white  iron  fuses  at  a lower  temperature  than  grey  iron,  the 

a ei  is  iar  more  liquid  when  fused,  and  is  therefore  much  better  fitted 
tor  casting. 

Phosphorus,  in  the  form  of  phosphates,  is  sometimes  found  in  coal. 

T Compiled  from  Percy,  “ On  Iron  and  Steel.” 
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Although,  the  presence  of  uncombined  carbon  is  the  chief  point  which 
distinguishes  grey  from  white  iron,  other  differences  are.  commonly 
observed  in  the  composition  of  the  two  varieties.  The  white  iron  usually 
contains  less  silicon  than  grey  iron,  but  a larger  proportion  of  sulphur. 
White  iron  also  usually  contains  a much  larger  quantity  of  manganese. 

The  difference  in  the  composition  of  these  three  varieties  of  cast-iion 
is  shown  in  the  following  table : — 


Grey. 

Mottled. 

White. 

Iron  .... 

Combined  carbon  . 
Graphite 

Silicon  .... 
Sulphur* 

Phosphorus  . 
Manganese 

90.24 
1.02 
2.64 
3.06 
1. 14 
0-93 
0.83 

89-3I 

I.79 

I. II 

2.17 
1.48 

1. 17 
I.60 

89.86 
2.46 
O.87 
1. 12 
2.52 
O.9I 
2.72 

99.86 

98.63 

IOO.46 

As  might  be  expected,  it  is  not  easy  to  tell  where  a cast-iron  ceases 
to  be  grey  and  begins  to  be  mottled,  or  where  the  mottled  iron  ends 
and  white  iron  begins.  There  are,  in  fact,  eight  varieties  or  grades  of 
cast-iron  in  commerce,  distinguished  by  the  numbers  one  to  eight, 
of  which  No.  1 is  dark  grey,  and  contains,  the  largest  proportion  of 
graphite,  which  diminishes  in  the  succeeding  numbers  up  to  No.  8, 
which  is  the  whitest  iron,  the  intermediate  numbers  being  more  or 
less  mottled. 

The  particular  variety  of  cast-iron  produced  is  to  some  extent  under 
the  control  of  the  smelter  • a furnace  in  good  order  appearing  usually 
to  yield  grey  iron,  whilst  a defective  furnace,  or  one.  supplied  with  too 
small  a proportion  of  fuel,  will  commonly  give  a white,  iron.  But  the 
metal  sometimes  varies  considerably  at  different  levels  in  the  crucible  of 
the  furnace,  so  that  pigs  of  different  degrees  of  greyness  are  obtained 
at  the  same  tapping.  Mottled  cast-iron  surpasses  both  the  other,  varie- 
ties in  tenacity,  and  is  therefore  preferred  where  this  quality  is  par- 
ticularly desirable.  . 

The  dark  grey  iron  used  for  casting,  known  as  / oundry-iron,  is.  pro- 
duced at  a higher  temperature,  by  supplying  the  blast  furnace  with  a 
larger  proportion  of  fuel  than  is  employed  in  making  the  lighter  forge- 
iron  destined  for  conversion  into  wrought-iron.  The  extra  consumption 
of  fuel,  of  course,  renders  the  foundry-iron  more  expensive. . When  a 
furnace  is  worked  with  a low  charge  of  fuel  to  produce  a white  iron,  a 
laro-er  quantity  of  iron  is  lost  in  the  slag,  sometimes  amounting  to  5 per 
cent,  of  the  metal,  whilst  the  average  loss  in  producing  grey  iron  does 
not  exceed  2 per  cent.  Ores  containing  a large  proportion  of  man- 
ganese are  generally  found  to  yield  a white  iion.  . 

When  o-rey  iron  is  melted,  the  particles  of  graphite  to  which  its  grey 
colour  is  due  are  dissolved  by  the  liquid  iron,  and  if  it  be  poured  into  a 
cold  iron  mould  so  as  to  solidify  it  as  rapidly  as  possible,  the  external 
portion  of  the  casting  will  present  much  of  the  hardness  and  appearance 
of  white  iron,  the  sudden  cooling  having  prevented  the  separation  of 

* The  proportion  of  sulphur  in  these  samples  is  unusually  large ; it  seldom  exceeds 
0.5  per  cent,  in  good  pig-iron. 
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the  graphite.  This  affords  the  explanation  of  the  process  of  chill-casting 
by  which  shot,  &c.,  made  of  the  soft  fusible  grey  iron,  are  made  to 
acquire,  externally,  a hardness  approaching  that  of  steel.  It  is  a com- 
mon practice  to  produce  compound  castings,  that  portion  of  the  mould 
where  chilling  and  consequent  hardness  is  required  being  made  of  thick 
cast-iron,  and  the  other  part,  which  is  to  give  a tougher  and  a softer 
casting,  of  sand.  When  white  pig-iron  is  melted  at  an  extremely  hio-h 
temperature  (in  a Siemens  furnace)  and  slowly  cooled,  it  becomes  grey. 

The  specific  gravity  of  cast-iron  varies  between  6.92  (grey)  and  7.53 
(white),  and  its  fusing  point  is  somewhat  below  3000°  F. 

Modern  experiments  throw  some  doubt  upon  the  existence  of  carbon  in  a state 
of  actual  chemical  combination  in  cast-iron.  It  has  been  found  that,  when  acting 
upon  mercuric  chloride,  white  cast-iron  generates  considerably  more  heat  than 
pure  iron ; this  would  indicate  that  absorption  of  heat  had  taken  place  in  the 
formation  of  white  cast-iron  (which  contained  4 percent,  of  “ combined  ” carbon) 
whereas,  had  the  carbon  combined  chemically  with  the  iron,  generation  of  heat 
should  have  taken  place.  On  the  other  hand,  it  was  found,  by  the  same  method 
that  manganese  and  carbon  do  generate  heat,  and  therefore  enter  into  true 
chemical  combination.  This  fact  may  have  some  bearing  upon  the  use  of  man- 
ganese in  the  manufacture  of  steel. 


Conversion  of  Cast-Iron  into  Bar  or  Wrought-Iron. 


219.  In  older  to  convert  cast-iron  into  bar-iron,  it  is  necessary  to 
reduce  it  as  far  as  possible  to  the  condition  of  pure  iron,  by  removing 
the  carbon,  silicon,  and  other  substances  associated  with  it.  This 
purification  is  effected  upon  the  principle,  that  when  cast-iron  is 
strongly  heated  in  contact  with  oxide  of  iron,  its  carbon  is  evolved  in 
the  form  of  carbonic  oxide,  whilst  the  silicon,  also  combining  with 
the  oxygen  from  a part  of  the  oxide  of  iron,  is  converted  into&  silica 
which  unites  with  another  portion  of  the  oxide  to  form  a fusible  slao- 
easily  separated  from  the  metal.  & 

This  process  is  termed  puddling  when  carried  out  by  manual  labour 
or  by  rotating  furnaces, 
and  Bessemerising  when 
performed  by  forcing 
fine  streams  of  air 
through  the  melted 
metal. 

With  pig-iron  con- 
taining much  graphite 
and  silicon,  the  pud- 
dling process  is  pre- 
ceded by  the  process  of 
refining,  which  will 
therefore  be  first  de- 
scribed. 

Refining  cast-iron. — 

This  process  consists 

essentially  in  exposing  r,.  tr  ,,  , ,.  . 

the  metal,  in  the  fused  237--Hearth  for  refimn° 

state,  to  the  action  of  a blast  of  air  in  which  part  of  the  oxygen  has 
een  converted  into  carbonic  oxide  by  passing  over  red-hot  coke  or 
c aicoa  . The  refinery  (figs.  237,  238)  is  a rectangular  trough  with 
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double  walls  of  cast-iron,  between  which  cold  water  is  kept  circulating 
to  prevent  their  fusion.  This  trough  is  about  3^  feet  long  by  2-J  wide, 
and  usually  lined  with  fireclay ; on  each  side  of  it  are  arranged  three 

tuyere  pipes  for  the 
supply  of  air,  inclined 
at  an  angle  of  25°  to  30° 
to  the  bottom  of  the 
furnace,  which  is  fed 
with  coke,  unless  the 
very  best  iron  is  re- 
quired, as  for  the  manu- 
facture of  tin  - plate, 
when  charcoal  is  gene- 
rally used  in  the  re- 
finery. 

This  furnace  having 

been  filled  to  a certain 

height  with  fuel,  five  or 

„ . . . six  pigs  of  iron  (from 

Fig.  238.  Hearth  for  refining  pig-iron.  2Q  ^ ^ cwt)  ar_ 

ranged  symmetrically  upon  it,  and  covered  with  coke,  a blast  of  air  being 
forced  in  through  the  tuyeres,  under  a pressure  of  about  3 lbs.  upon  the 
inch.  In  about  a quarter  of  an  hour  the  metal  begins  to  fuse  gradually, 
and  to  trickle  down  through  the  fuel  to  the  bottom  of  the  refinery,  a 
portion  of  the  iron  being  converted  into  oxide  in  its  descent,  by  the  air 
issuing  from  the  tuyere  pipes.  When  the  whole  of  the  metal  has  been 
fused,  the  air  is  still  allowed  to  play  for  some  time  upon  its  surface, 
when  the  fused  metal  appears  to  boil  in  consequence  of  the  escape  of 
bubbles  of  carbonic  oxide. 

After  about  two  hours  the  tap-hole  is  opened,  and  the  molten  metal 
run  out  into  a flat  cast-iron  mould  kept  cold  by  water,  in  order  to  chill 
the  metal  and  render  it  brittle.'  The  plate  of  refined  iron  thus  obtained 
is  usually  about  2 inches  thick.  The  slag  (or  finery  cinder)  is  generally 
received  in  a separate  mould  ■ its  composition  may  be  generally  expressed 
by  the  formula  2Fe0.Si02,  the  silica  having  been  derived  from  the  silicon 
contained  in  the  cast-iron. 

The  change  effected  in  the  composition  of  the  iron  by  the  process  of 
refining  will  be  apparent  from  the  following  table : — 


Refined  Iron. 


Iron  . 
Carbon 
Silicon 
Sulphur 


95-14 

3-07 

0.63 

0.16 


Phosphorus 
Manganese 
Slag  . 


o.73 

trace 

0.44 


The  carbon  therefore,  is  not  nearly  so  much  diminished  as  the  silicon, 
which  is  in  some  cases  reduced  to  ^th  of  its  former  proportion  by  the 
refinin"  process.  Half  of  the  sulphur  is  also  sometimes  removed,  being 
found  in  the  slag  as  sulphide  of  iron.  The  phosphorus  is  not  removed 
to  the  same  extent  in  the  refining  process,  though  some  of  it  is  converted 
into  ferrous  phosphate,  which  may  be  found  in  the  finery  cinder.  _ 

The  further  purification  of  the  metal  could  not  be  effected  in  the 
refinery,  since  the  fusibility  of  the  iron  is  so  greatly  diminished  as  it 
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approaches  to  a pure  state,  that  it  could  not  be  retained  in  a fluid 
condition  at  the  temperature  attainable  in  this  furnace,  and  a more 
spacious  hearth  is  required  upon  which  the  pasty  metal  may  be  kneaded 
into  close  contact  with  the  oxide  of  iron  which  is  to  complete  the 
oxidation  and  separation  of  the  carbon.  For  this  reason  the  metal  is 
transferred  to  the  puddling  furnace. 

The  puddling  process  is  carried  out  in  a reverberatoiy  furnace 
(figs.  239,  240)  connected  with  a tall  chimney  provided  with  a damper, 


Fig.  239. — Puddling  furnace. 


so  as  to  admit  of  a very  perfect  regulation  of  the  draught.  A bridge  of 
firebrick  between  the  grate  and  the  hearth  prevents  the  contact  of  the 
coal  with  the  iron  to  be  puddled.  The  hearth  is  composed  either  of  fire- 


bi-ick  or  of  cast-iron  plates,  covered  with  a layer  of  very  infusible  slag,  and 
cooled  by  a free  circulation  of  air  between  them.  This  hearth  is  about 
6 feet  in  length  by  4 feet  in  the  widest  part  near  the  grate,  and  2 feet 
at  the  opposite  end  ; it  is  slightly  inclined  towards  the  end  farthest 
10m  the  grate,  and  finishes  in  a very  considerable  slope,  at  the  lowest 
point  of  which  is  the  floss-hole  for  the  removal  of  the  slag.  Since  the 
metal  is  to  attain  a very  high  temperature  in  this  furnace  (estimated  at 
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1500°  C.),  it  is  usually  covered  with  an  iron  casing,  so  as  to  prevent  any 
entrance  of  cold  air  through  chinks  in  the  brickwork. 

About  5 cwt.  of  the  fine  metal  is  broken  up  and  heaped  upon  the 
hearth  of  this  furnace,  together  with  about  1 cwt.  of  iron  scales  (black 
oxide  of  iron,  Fe304),  and  of  hammer-slag  (basic  silicate  of  iron,  obtained 
in  subsequent  operations),  which  are  added  in  order  to  assist  in  oxidising 
the  impurities.  When  the  metal  has  fused,  the  mass  is  well  stirred  or 
puddled  so  that  the  oxide  of  iron  may  be  brought  into  contact  with 
every  part  of  the  metal,  to  effect  the  oxidation  of  the  impurities.  The 
metal  now  appears  to  boil,  in  consequence  of  the  escape  of  carbonic 
oxide,  and  in  about  an  hour  from  the  commencement  of  the  puddling, 
so  much  of  the  carbon  has  been  removed  that  the  fusibility  of  the  metal 
is  considerably  diminished,  and  instead  of  retaining  a fused  condition 
at  the  temperature  prevailing  in  the  furnace,  it  assumes  a granular, 
sandy  or  dry  state,  spongy  masses  of  pure  iron  separating  or  coming  to 
nature  in  the  fused  mass.  The  puddling  of  the  iron  is  continued,  until 
the  whole  has  assumed  this  granular  appearance,  when  the  evolution  of 
carbonic  oxide  ceases  almost  entirely,  showing  that  the  removal  of  the 
carbon  is  nearly  completed.  The  damper  is  now  gradually  raised  so  as 
to  increase  the  temperature  and  soften  the  particles  of  iron,  in  order 
that  they  may  be  collected  into  a mass ; and,  the  more  easily  to  efiect 
this,  a part  of  the  slag  is  run  off  through  the  floss-hole.  The  workman 
then  collects  some  of  the  iron  upon  the  end  of  the  paddle,  and  lolls  it 
about  on  the  hearth  until  he  has  collected  a sort  of  rough  ball  of  iron, 
weighing  about  half  a hundredweight.  When  all  the  iron  has  been 
collected  into  balls  in  this  way,  they  are  placed  in  the  hottest  part  of 
the  furnace,  and  pressed  occasionally  with  the  paddle,  so  as  to  squeeze 
out  a portion  of  the  slag  with  which  their  interstices  are  filled.  I he 
doors  are  then  closed  to  raise  the  interior  of  the  furnace  to  a very  hig  ^ 
temperature,  and  after  a short  time,  when  the  balls  are  sufficient  } 
heated,  they  are  removed  from  the  furnace,  and  placed  under  a steam 
hammer,  which  squeezes  out  the  liquid  slag,  and  forces  the  softened 
particles  of  iron  to  cohere  into  a continuous  oblong  mass  or  bloom,  which 
is  then  passed  between  rollers,  by  which  it  is  extended  into  bars,  ihese 
bars,  however  (Rough  or  Puddled , or  Wo.  1 Bar),  are.  always  hard  and 
W.+.1a  and  are  onlv  fit  for  such  constructions  as  railway  bars,  where 


produce  flaws  if  allowed  to  remain 
ment  appears  also  to  be  effected  in  tl 
during  the  rolling,  some  of  the  carbo 


' xron  in  the  rough  bars,  and  would 
in  in  the  metal.  " A slight  improve- 
l the  chemical  composition  of  the  iron 
■bon,  silicon,  phosphorus,  and  sulphur, 
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still  retained  by  the  puddled  iron,  becoming  oxidised,  and  passing  away 
as  carbonic  oxide  and  slag. 

The  following  table  exhibits  the  change  in  chemical  composition 
which  takes  place  in  pig-iron  when  puddled  (without  previous  refining) 
and  rolled  into  wire-iron  : — 


Effect  of  Puddling  and  Forging  on  Cast-Iron. 


In  100  parts. 

Carbon. 

Silicon. 

Sulphur. 

Phosphorus. 

Grey  pig-iron 

2.275 

2.720 

O.301 

0.645 

Puddled  bar  . 

0.296 

0. 120 

O.134 

O.139 

Wire-iron 

0.  hi 

0.088 

0.094 

0. 1 17 

About  90  parts  of  bar-iron  are  obtained  from  100  of  refined  iron  by 
the  puddling  process,  the  difference  representing  the  carbon  which  has 
passed  off  as  carbonic  oxide,  and  the  silicon,  sulphur,  phosphorus,  and 
iron,  which  have  been  removed  in  the  slag  or  tap-cinder,  this  being 
essentially  a mixture  of  ferrous  and  ferric  silicates,  varying  much  in 
composition  according  to  the  character  of  the  iron  employed  for 
puddling,  and  the  proportions  of  iron-scale  and  hammer-slag  introduced 
into  the  furnace.  Of  course,  also,  the  material  of  which  the  hearth  is 
composed  will  influence  the  composition  of  the  slag.  The  following 
table  affords  an  illustration  of  its  percentage  composition : — 

Tap-Cinder  from  Puddling  Furnace. 

Ferrous  oxide  (FeO)  . . 57.67  i Ferrous  sulphide  . . 7.07 

Ferric  oxide  (Fe.p3)  . . 13.53  Lime 4.70 

Silica S.32  Oxide  of  manganese  . .0.78 

Phosphoric  oxide  (P...OJ  . 7.29  Magnesia  . . . .0.26 

The  lime  in  the  above  cinder  was  probably  derived  from  the  hearth 
of  the  furnace,  which  is  sometimes  lined  with  that  material  to  assist  in 
removing  the  sulphur. 

When  grey  pig-iron  is  puddled  without  undergoing  the  refining  pro- 
cess, it  becomes  much  more  liquid  than  white  pig  or  refined  iron,  and 
the  process  is  sometimes  described  as  the  pig-boiling  process,  whilst 
refined  iron  undergoes  dry  puddling.  In  the  latter,  the  oxygen  of  the 
air  has  more  share  in  the  de-carburising  of  the  iron  than  it  has  in  the 
former. 

It  will  be  observed  that  this  process  of  puddling  is  attended  with  some 
impoi'tant  disadvantages ; it  involves  a great  expenditure  of  manual 
labour,  and  of  a most  exhausting  kind  ; the  very  high  temperature  to 
which  the  puddler  is  exposed  renders  him  liable  to  lung  disease,  and 
cataract  is  not  uncommonly  caused  by  the  intense  light  from  the  glowing 
iron;  the  wear  and  tear  of  the  puddling  furnace  is  very  considerable, 
and  since  it  receives  only  ten  or  eleven  charges  of  about  5 cwts.  each  in 
the  course  of  twenty-four  hours,  it  is  necessary  to  work  five  or  six  pud- 
dling furnaces  at  once,  in  order  to  convert  into  bar-iron  the  whole  of 
the  cast-iron  turned  out  from  a single  blast-furnace.  These  considera- 
tions have  led  to  several  attempts  to  improve  the  puddling  process  by 
employing  revolving  furnaces  and  other  mechanical  arrangements  to 
supersede  the  heavy  manual  labour,  and  even  to  dispense  with  it 
altogether  by  forcing  the  air  into  the  molten  iron.  The  most  generally 
known  of  the  processes  devised  for  this  purpose  is  that  of  Bessemer, 
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■Bessemer’s  converting 
vessel. 
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which  consists  in  running  the  melted  cast-iron  into  a huge  crucible,  and 
forcino-  air  up  through  it  under  considerable  pressure,  thus  combining 
the  purifying  influence  of  the  blast  of  air  in  the  refinery  with  the 
mechanical  agitation  effected  in  the  puddling  furnace.  Bessemer’s  con- 
verting vessel  (fig.  241)  is  a large,  nearly  cylindrical,  crucible  of  wrought- 
iron,  lined  with  cjanister  (chiefly  silica,  originally  the  road-scrapings 
around  Sheffield),  having  thirty  or  more  openings  of  about  4th  inch  in 
diameter  (A)  at  the  bottom,  through  which  air  is  blown  at  a pressure  of 

15  or  20  lbs.  upon  the  inch.  This 
vessel  is  sometimes  large  enough  to 
receive  10  tons  of  cast-iron  for  a 
charge.  The  metal,  having  been 
melted  in  a separate  furnace,  is  run 
into  the  converting  vessel,  previously 
heated  by  a little  burning  coke,  the 
blast  being  already  turned  on  so 
that  the  liquid  iron  may  not  run 
into  the  air  tubes.  The  silicon  and 
manganese  burn  first,  producing  a 
very  high  temperature,  then  the 
carbon  is  converted  into  carbonic  oxide,  which  burns  with  a long  flame 
at  the  mouth  of  the  converter,  and  a little  of  the  iron  is  burnt  into 
oxide  which  forms  a slag  with  the  silica  and  is  carried  up  as  a froth  to 
the  surface  of  the  liquid  iron.  The  blast  of  air,  or  blow,  is  continued 
for  about  twenty  minutes,  when  the  disappearance  of  the  flame  of 
carbonic  oxide  indicates  the  completion  of  the  process ; but  the  remaining 
purified  iron  is  not  pastv  as  in  the  puddling  furnace,  being  retained  m 
a perfectly  liquid  condition  by  the  high  temperature  resulting  from  the 
combustion  of  the  silicon  and  manganese,  so  that  the  metal  may  be  run 
out  into  moulds  by  tilting  the  converting  vessel,  which  is  usually  hung 
upon  trunnions.  In  this  way  about  85  parts  of  bar-iron  are  obtained 

from  100  of  pig-iron.  ,,  £ 

Although  so  great  an  economy  of  time  and  labour  would  result  from 

the  application  of  Bessemer’s  process,  it  has  not  superseded  the  pudd  mg 
process,  because  it  does  not  remove  the  sulphur  and  phosphorus  from  t le 
pig-iron,  so  that  only  the  best  varieties  of  that  material,  extracted  from 
haematite  or  magnetic  ore,  yield  a bar-iron  of  good  quality  when  pur  ec 
in  this  way.  Moreover,  unless  the  pig-iron  contains  much  silicon  0 
manganese,  it  will  not  produce  a sufficiently  high  temperature  in  the 
converter,  so  that  the  original  Bessemer  process  was  applicable  m this 
country  only  to  the  more  expensive  grey  pig-iron,  which  contained  muc  1 
silicon  and  little  sulphur  or  phosphorus,  whereas  the  cheaper  hb 

foro-e-irons  £ltg  loGst  suited  foi  puddling.  , « ,■» 

The  important  discovery  has  been  made  that  the  non-removal  o t 
nhosphorus  is  due  to  the  predominance  of  silica  derived  from  the 
canister  lining,  in  the  slag  formed  m the  process,  for  unless  there  is 

l ■ rett:  m °s  ip 

?£££  of  ^gnesian 
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cheap  pig-iron  containing  phosphorus.  (See  Bessemer  steel.)  The  effect 
of  the  original  Bessemer  process  upon  a particular  specimen  of  pig-iron 
is  shown  in  the  following  table  : — 


In  100  parts  of  Pig-iron. 

Before. 

After. 

Carbon  ..... 

Silicon 

Sulphur  ..... 
Phosphorus  .... 

3-309 
o-595 
0.485 
1. 012 

O 218 
none 
0.402 
1. 102 

In  D unices’  rotating  puddling  furnace  the  pig-iron  is  run  into  a 
cylindrical  chamber  lined  with  a mixture  of  haematite  and  lime.  Air  is 
supplied  by  a fan,  and  the  cylinder  is  revolved  so  as  to  bring  the  metal 
thoroughly  into  contact  with  the  oxides  of  iron  which  form  part  of  the 
charge,  as  in  the  ordinary  puddling  process.  The  charge  of  about 
600  lbs.  is  turned  out  in  a single  ball,  which  is  further  treated  as  usual. 
In  Crumpton' s furnace  a very  high  temperature  is  produced  by  a blast 
of  air  containing  coal-dust  in  suspension. 

Composition  of  bar-iron. — Even  the  best  bar-iron  contains  from  0.1  to 
0.2  per  cent,  of  carbon,  together  with  minute  proportions  of  silicon, 
sulphur,  and  phosphorus.  Perfectly  pure  iron  is  inferior  in  hardness 
and  tenacity  to  that  which  contains  a small  proportion  of  carbon. 

Bar-iron  is  liable  to  two  important  defects,  which  are  technically 
known  as  cold- shortness  and  red-shortness.  Cold-short  iron  is  brittle  at 
01  dinar  y temperatures,  and  appears  to  owe  this  to  the  presence  of 
phosphorus,  of  which  element  0.5  per  cent,  is  sufficient  materially  to 
diminish  the  tenacity  of  the  iron.  When  the  iron  is  liable  to  brittleness 
at  a red  heat,  it  is  termed  red-short  iron,  and  a very  little  sulphur  is 
sufficient  to  aflect  the  quality  of  the  iron  in  this  respect. 

There  is  much  difference  of  opinion  as  to  the  true  causes  of  the 
variation  in  the  strength  of  wrought-iron,  and  this  is  not  surprising 
when  we  reflect  upon  the  number  of  circumstances  which  may  be 
reasonably  expected  to  exert  some  influence  upon  it.  Not  only  the 
proportions  of  carbon,  silicon,  sulphur,  phosphorus,  and  manganese  may 
be  supposed  to  aflect  the  quality  of  the  iron,  but  the  state  of  combination 
in  which  these  elements  exist  in  the  mass  is  not  unlikely  to  cause  a 
•difference.  It  also  appears  certain  that  the  mechanical  structure, 
dependent  upon  the  arrangement  of  the  particles  composing  the  mass  of 
metal,  has  at  least  as  much  influence  upon  the  tenacity  of  the  iron  as  its 
■chemical  composition. 

The  best  bar-iron,  if  broken  slowly,  always  exhibits  a fibrous  structure, 
the  particles  of  iron  being  arranged  in  parallel  lines.  This  appears  to 
contribute  greatly  to  the  strength  of  the  iron,  for  when  it  is  wanting, 
and  the  bar  is  composed  of  a confused  mass  of  crystals,  it  is  weaker  in 
proportion  to  the  size  of  the  crystals.  The  presence  of  phosphorus  is 
saJ , ,°  *avour  the  formation  of  large  crystals,  and  hence  to  produce 
cold-shortness.  There  is  some  reason  to  believe  that  the  fibrous  is  some- 
imes  exchanged  for  the  crystalline  texture  under  the  influence  of 
lequent  vibrations,  as  in  the  case  of  railway  axles,  girders  of  suspension- 


T.n2°.nS1^e!Ing  t}ie  fusibility  of  bar-iron,  it  is  fortunate  that  it 

P esses  the  property  of  being  iceldecl,  that  is,  of  being  united  by 
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hammering  when  softened  by  heat.  It  is  customary  first  to  sprinkle- 
the  heated  bars  with  sand  or  clay  in  order  to  convert  the  superficial 
oxide  of  iron  into  a liquid  silicate,  which  will  he  forced  out  from  between 
them  by  hammering  or  rolling,  leaving  the  clean  metallic  surfaces  to 
adhere. 


2 20.  Steel  differs  from  bar-iron  in  possessing  the  property  of  becoming 
much  harder  when  heated  to  redness,  and  then  suddenly  cooled  by  being 
plunged  into  water.  Perfectly  pure  iron  obtained  by  the  electrotype 
process  is  not  hardened  by  sudden  cooling ; but  all  bar-iron  which  con- 
tains carbon  does  exhibit  this  property  in  a greater  or  less  degree 
according  to  the  proportion  of  carbon  present.  It  does  not  become 
decidedly  steely,  however,  until  the  carbon  amounts  to  0.T5  per  cent.. 
The  term  steel  was  formerly  applied  only  to  iron  containing  enough 
carbon  (not  less  than  0.75  per  cent.)  to  harden  it  sufficiently  for  cutting 
implements,  but  all  iron  containing  more  than  0.2  per  cent,  of  carbon 
is  now  referred  to  as  ( wild')  steel.  The  hardest  steel  contains  about 
1.2  per  cent,  of  carbon,  and  when  the  proportion  reaches  1.5  per  cent, 
it  begins  to  assume  the  properties  of  white  cast-iron.  Bar-iron  may, 
therefore,  be  converted  into  hard  steel  by  the  addition  of  about  1 per 
cent,  of  carbon,  and,  conversely,  cast-iron  is  converted  into  mild  steel 
when  the  quantity  of  carbon  contained  in  it  is  reduced  to  0.2  to- 
0.5  per  cent.* 

Hard  steel  is  made  by  the  process  of  cementation,  the  bars  of  iron  being 
imbedded  in  charcoal  and  exposed  for  several  days  to  a high  temperatuie. 

The  operation  is  effected  in  large  chests  of  firebrick  or  stone,  about 
10  or  12  feet  long  by  3 feet  wide  and  3 feet  deep. 

Two  of  these  chests  are  built  into  a dome-shaped  furnace  (converting 
furnace,  fig.  24-2),  so  that  the  flame  may  circulate  round  them,  and  the 
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Pig.  242. — Furnace  for  converting  bar-iron  into  steel. 


* Many  metallurgists  arc  of  opinion  that  manganese  has  an  influence  similar  to  that  of 
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ibars  of  iron,  which  must  be  of  the  best  quality,  are  laid  in  regular 
order,  a small  interval  being  left  between  them,  which  is  afterwards 
tilled  in  with  the  charcoal  powder,  with  a layer  of  which  the  bars  are 
now  covered ; over  this  more  bars  are  laid,  then  another  layer  of  char- 
coal, and  so  on  until  the  chest  is  filled.  Each  chest  holds  5 or  6 tons 
of  bars.  One  of  the  bars  is  allowed  to  project  through  an  opening  in 
the  end  of  the  chest,  so  that  the  workmen  may  withdraw  it  from  time 
to  time  and  judge  of  the  progress  of  the  operation.  The  whole  is 
covered  in  with  a layer  of  about  6 inches  of  damp  clay  or  sand,  or 
grinder's  waste  (silica  and  oxide  of  iron). 

The  lire  is  carefully  and  gradually  lighted,  lest  the  chests  should  be 
split  by  too  sudden  application  of  heat,  and  the  temperature  is  eventually 
raised  to  about  the  fusing  point  of  copper  (2000°  F.),  at  which  it  is  main- 
tained for  ar  period  varying  with  the  quality  of  steel  which  it  is  desired 
to  obtain.  Six  or  eight  days  suffice  to  produce  steel  of  moderate  hard- 
ness ■ but  the  process  is  continued  for  three  or  four  days  longer  if  very 
hard  steel  be  required.  The  fire  is  gradually  extinguished,  so  that  the 
-chests  ai'e  about  ten  days  in  cooling  down. 

On  opening  the  chests  the  bars  are  found  to  have  suffered  a remark- 
able change  both  in  their  external  appearance  and  internal  structure. 
They  are  covered  with  large  blisters,  obviously  produced  by  some  gaseous 
substance  raising  the  softened  surface  of  the  metal  in  its  attempt  to 
escape.  It  is  conjectured  that  the  blisters  are  caused  by  carbonic  oxide 
produced  by  the  action  of  the  carbon  upon  particles  of  slag  accidentally 
present  in  the  bar.  On  breaking  the  bars  across,  the  fracture  is  found 
to  have  a finely  granular  structure,  instead  of  the  fibrous  appearance 
exhibited  by  bar-iron.  Chemical  analysis  shows  that  the  iron  has 
combined  with  about  1 per  cent,  of  carbon,  and  the  most  remarkable 
part  of  the  result  is  that  this  carbon  is  not  only  found  in  the  external 
layer  of  iron,  which  has  been  in  direct  contact  with  the  heated  charcoal, 
but  is  also  present  in  the  very  centre  of  the  bar.  It  is  this  transmission 
of  the  solid  carbon  through  the  solid  mass  of  iron  which  is  implied  by 
the  term  cementation.  The  chemistry  of  the  process  probably  consists 
in  the  formation  of  carbonic  oxide  from  the  small  quantity  of  atmospheric 
oxygen  in  the  chest,  and  the  removal  of  one-half  of  the  carbon  from  this 
carbonic  oxide,  by  the  iron,  which  it  converts  into  steel,  leaving  carbonic 
acid  gas  (2 CO  — C = CO.,)  to  be  reconverted  into  carbonic  oxide  by  taking 
up  more  carbon  from  the  charcoal  (C0„  + C = 2C0),  which  it  transfers 
again  to  the  iron.  Experiment  has  shown  that  soft  iron  is  capable  of 
absorbing  mechanically  4.15  volumes  of  carbonic  oxide  at  a low  red  heat, 
so  that  the  action  of  the  gas  upon  the  metal  may  occur  throughout  the 
substance  of  the  bar.  The  carbonic  oxide  is  retained  unaltered  by  the 
iron  after  cooling,  unless  the  bar  is  raised  to  the  temperature  required 
for  the  production  of  steel. 

The  blistered  steel  obtained  by  this  process  is,  as  would  be  expected, 
far  from  uniform  either  in  composition  or  in  texture ; some  portions  of 
the  bar  contain  more  carbon  than  others,  and  the  interior  contains 
numerous  cavities.  In  order  to  improve  its  quality  it  is  subjected  to  a 
process  of  fagoting  similar  to  that  mentioned  in  the  case  of  bar-iron; 
the  bars  of  blistered  steel,  being  cut  into  short  lengths,  are  made  up 
into  bundles,  which  are  raised  to  a welding  heat,  and  placed  under  a 
tilt-hammer,  weighing  about  2 cwt.,  which  strikes  two  or  three  hundred 
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blows  in  a minute ; in  this  way  the  several  bars  are  consolidated  inta 
one  compound  bar,  which  is  then  extended  under  the  hammer  till 
of  the  required  dimensions.  The  bars,  before  being  hammered,  are 
sprinkled  with  sand,  which  combines  with  the  oxide  of  iron  upon  the 
surface,  and  forms  a vitreous  layer  which  protects  the  bar  from  further 
oxidation.  The  steel  which  has  been  thus  hammered  is  much  denser 
and  more  uniform  in  composition ; its  tenacity,  malleability,  and  duc- 
tility are  greatly  increased,  and  it  is  fitted  for  the  manufacture  of 
shears,  files,  and  other  tools.  It  is  commonly  known  as  shear  steel.. 
Double  shear  steel  is  obtained  by  breaking  the  tilted  bars  in  two,  and 
welding  these  into  a compound  bar. 

The  best  variety  of  steel,  however,  which  is  perfectly  homogeneous  in 
composition,  is  that  known  as  cast-steel  or  crucible  steel , to  obtain  which 
about  50  lbs.  of  blistered  steel  are  broken  into  fragments,  and  fused  in 
a fireclay  or  plumbago  crucible,  heated  in  a wind-furnace,  the  surface  of 
the  metal  being  protected  from  oxidation  by  a little  glass  melted  upon 
it.  The  fused  steel  is  cast  into  ingots,  several  crucibles  being  emptied 
simultaneously  into  the  same  mould.  Cast-steel  is  far  superior  in  den- 
sity and  hardness  to  shear  steel,  but  since  it  is  exceedingly  brittle  at  a 
red  heat,  great  care  is  necessary  in  forging  it.  It  has  been  found  that 
the  addition,  to  100  parts  of  the  cast-steel,  of  1 part  of  a mixture  of 
charcoal  and  oxide  of  manganese,  produces  a fine-grained  steel  which 
admits  of  being  cast  on  to  a bar  of  wrought-iron  in  the  ingot-mould,  so 
that  the  tenacity  of  the  latter  may  compensate  for  the  brittleness  of  the 
steel  when  the  compound  bar  is  forged,  the  wrought-iron  forming  the 
back  of  the  implement,  and  the  steel  its  cutting  edge. 

This  addition  of  manganese  to  the  cast-steel  (Heath’s  patent)  has 
effected  a great  reduction  in  its  cost,  allowing  the  use  of  blister  steel 
made  from  British  bar-iron,  whereas,  before  its  introduction,  only  the 
expensive  iron  of  Swedish  or  Russian  make  could  be  employed.  Man- 
ganese has  a stronger  attraction  than  iron  has  for  oxygen  and  sulphur ; 
hence  it  would  decompose  any  sulphide  or  oxide  of  iron  present  in  the 
metal,  and  carry  those  elements  into  the  slag. 

After  the  steel  has  been  forged  into  the  shape  of  any  implement,  it  is 
hardened  by  being  heated  to  redness,  and  suddenly  chilled  in  cold  water, 
or  oil,*  or  mercury.  It  can  thus  be  rendered  nearly  as  hard  as  diamond, 
at  the  same  time  increasing  slightly  in  volume  (sp.  gr.  of  cast-steel  7.93  7 

after  hardening,  7 .66).  The  chemical  difference  between  hard  and  soft 

steel  appears  to  be  of  the  same  kind  as  that  between  grey  and  white  cast- 
iron  (page  315)  the  greater  proportion  of  the  carbon  in  hard  steel  being 
in  combination  with  the  metal,  while  in  soft  steel  the  greater  part  seems 
to  be  in  intimate  mechanical  admixture  with  the  iron,  for  it  is  left  un- 
dissolved on  treating  the  steel  with  an  acid.  If  the  hardened  steel  be 
heated  to  redness,  and  allowed  to  cool  slowly,  it  is  again  converted  into 
soft  steel,  but  by  heating  it  to  a temperature  short  of  a red  heat,  its  hard- 
ness may  be  proportionally  reduced.  This  is  taken  advantage  of  in 
annealing  the  steel  or  “letting  it  down”  to  the  proper  temper  The 
very  hardest  steel  is  almost  as  brittle  as  glass,  and  totally  unfit  tor  any 
ordinary  use,  but  by  heating  it  to  a given  temperature  and  allowing  it 
to  cool,  its  elasticity  may  be  increased  to  the  desired  extent,  without 


* Chillinsr  in  oil  cools  the  steel  less  suddenly,  on  account  of  the  lower  specific  heat  of  oil,, 
and  therefore  does  not  render  it  so  hard  and  brittle.  It  is  often  spoken  of  as  toughening. 
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reducing  its  hardness  below  that  required  for  the  implement  in  hand. 
On  heating  a steel  blade  gradually  over  a flame,  it  will  acquire  a light 
yellow  colour  when  its  temperature  reaches  430°  F.,  from  the  formation 
of  a thin  film  of  oxide  ; as  the  temperature  rises  the  thickness  of  the  film 
increases,  and  at  47 o°  a decided  yellow  colour  is  seen,  which  assumes  a 
brown  shade  at  490°,  becomes  pui’ple  at  5 20  > and  blue  at  55°-  a 

still  higher  temperature  the  film  of  oxide  becomes  so  thick  as  to  be  black 
and  opaque.  Steel  which  has  been  heated  to  430  , and  allowed  to  cool 
slowly,  is  said  to  be  tempered  to  the  yelloio , and  is  hard  enough  to  take  a 
very  fine  cutting  edge,  whilst,  if  tempered  to  the  blue , at  55°  > ^ ^0O 

soft  to  take  a very  keen  edge,  but  has  a very  high  degree  of  elasticity. 
The  following  table  indicates  the  tempering  heats  for  various  imple- 
ments : — 

Tempering  of  Steel. 


Temperature,  F. 

Colour. 

Implements  thus  Tempered. 

430°  to  450° 
470°  . 

490°  . 

510°  . 

520°  . 

530°  to  570° 

Straw-yellow 

Yellow 

Brown-yellow  . 
Brown-pnrple  . 
Purple 
Blue  . 

Razors,  lancets. 

Penknives. 

Large  shears  for  cutting  metal. 
Clasp-knives. 

Table-knives. 

Watch-springs,  sword-blacles. 

If  a knife  blade  be  heated  to  redness  its  temper  is  spoilt , for  it  is  con- 
verted into  soft  steel. 

In  general,  the  steel  implements  are  ground  after  being  tempered,  so 
that  they  are  not  seen  of  the  colours  mentioned  above,  except  in  the 
case  of  watch-springs. 

A steel  blade  may  be  easily  distinguished  from  iron  by  placing  a drop 
of  diluted  nitric  acid  upon  it,  when  a dark  stain  is  produced  upon  the 
steel,  from  the  separation  of  the  carbon. 

Some  small  instruments,  such  as  keys,  gun-locks,  &c.,  which  are  ex- 
posed to  considerable  wear  and  tear  by  friction,  and  require  the  external 
hardness  of  steel  without  its  brittleness,  are  forged  from  bar-iron,  and 
converted  externally  into  steel  by  the  process  of  case-hardening , which 
consists  in  heating  them  in  contact  with  some  substance  containing 
carbon  (such  as  bone-dust,  yellow  prussiate  of  potash,  &c.),  and  after- 
wards chilling  in  water.  A process  which  is  the  reverse  of  this  is 
adopted  in  order  to  increase  the  tenacity  of  stirrups,  bits,  and  similar 
articles  made  of  cast-iron  • by  heating  them  for  some  hours  in  contact 
with  oxide  of  iron  or  manganese,  their  carbon  and  silicon  are  removed 
in  the  forms  of  carbonic  oxide  and  silica,  and  they  become  converted 
into  malleable  cast-iron. 

A similar  effect  is  produced  by  heating  in  sand,  the  ah’  between  its 
grains  affording  the  required  oxygen. 

The  opinion  that  steel  owes  its  properties  entirely  to  the  presence  of 
carbon  is  not  universally  entertained.  Some  chemists  believe  that  nitro- 
gen (or  some  analogous  element)  is  an  indispensable  constituent,  but  the 
proportion  of  nitrogen  found  in  steel  is  too  minute  to  warrant  this  sup- 
position. Titanium  is  alleged  by  some  authorities  to  have  an  important 
influence  upon  the  quality  of  steel,  but  this  also  appears  to  be  a doubtful 
matter.  Bar-iron  may  be  converted  into  steel  by  being  kept  at  a high 
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temperature  in  an  atmosphere  of  coal  gas,  from  which  it  abstracts 
carbon. 

Bessemer  steel  was  originally  produced  by  arresting  the  purification  of 
cast-iron  in  Bessemer’s  process  (page  322),  as  soon  as  the  carbon  had 
diminished  to  the  required  proportion,  when  the  steel  was  poured  out 
in  the  fused  state,  i.e.,  in  the  form  of  cast-steel;  and  this  is  still  occa- 
sionally done  when  a pig-iron  containing  about  3 per  cent,  of  manganese 
can  be  obtained,  the  blow  being  stopped  when  the  carbon  has  been 
diminished  to  0.3  or  0.4  per  cent.,  and  the  manganese  to  0.2  per  cent. 
A steel  of  better  quality,  however,  has  been  obtained  by  continuing  the 
purification  until  liquid  bar-iron  remains  in  the  converter,  and  intro- 
ducing the  proper  proportion  of  carbon  in  the  form  of  a peculiar 
description  of  white  cast-iron  known  as  S piegel-eisen  (mirror-iron),  which 
crystallises  in  lustrous  tabular  crystals,  and  contains  large  proportions 
of  carbon  and  manganese,  being  obtained  by  smelting  spathic  iron  ore 
rich  in  manganese,  with  charcoal  as  fuel.  The  Spiegel-eisen  is  added,  in 
a melted  state,  to  the  Bessemer  iron  before  pouring  from  the  converter. 

The  composition  of  a sample  of  Spiegel-eisen  smelted  from  a spathic 
ore,  found  near  Miisen  in  Prussia,  is  here  given  : — 

Iron  ....  82.86  Silicon  . . . 1.00 

Manganese  . . 10.71  Carbon  . . . 4.32 

Ferro-manganese,  which  is  also  employed  in  the  manufacture  of  steel, 
is  extracted  from  certain  manganese  ores,  and  contains  iron  with  about 
74  per  cent,  of  manganese,  5 per  cent,  of  carbon,  and  1 per  cent,  of 
silicon.  Since  the  pig-iron  obtained  from  clay  ironstones  is  not  well 
adapted  for  conversion  into  Bessemer  steel,  large  quantities  of  haema- 
tite are  imported  for  this  manufacture  from  Bilbao  (Spain),  Elba, 
Algeria,  &c. 

Bessemer  steel  is  now  made  very  cheaply  from  the  inferior  pig-iron 
containing  phosphorus  by  the  Thomas-Gilchrist  or  basic  process,  in  which 
the  difficulty  in  removing  phosphorus  has  been  overcome  by  lining  the 
converter  with  calcined  magnesian  limestone  (mixed  with  tar)  so  as  to 
secure  a basic  slag  which  could  not  be  obtained  when  the  converter  was 
lined  with  siliceous  ganister  (see  p.  322). 

Siemens- Mar  tin  steel  is  made  by  melting  together,  in  a Siemens 
regenerative  furnace,  pig-iron  rich  in  manganese,  and  puddled  iron, 
together  with  steel-scrap  and  ferro-manganese,  some  magnetic  iron  ore 
being  also  sometimes  added  as  an  oxidising  agent  to  diminish  the  carbon. 
Samples  of  this  steel  were  found  to  contain,  in  100  parts — 

Hard.  Medium.  Soft. 

Carbon  ....  0.67  ...  0.35  ...  0.16 

Manganese  . . . 0.40  ...  0.18  ...  0.14 

The  soft  variety  was  prepared  for  boiler-plates. 

Puddled  steel  is  obtained  by  arresting  the  puddling  process  at  an 
earlier  stage  than  usual,  so  as  to  leave  a proportion  of  carbon  varying 
from  0.3  to  1 per  cent.  It  is  necessary  that  manganese  should  be 
present,  in  order  to  render  the  slag  sufficiently  fluid  at  the  lower  tem- 
perature at  which  the  balling  is  effected  when  the  more  fusible  steel  is 

produced.  _ , 

Natural  steel  or  German  steel  results  in  a similar  way,  Irom  the  in- 
complete purification  of  cast-iron  in  the  refinery.  The  presence  of 
manganese  in  the  iron  is  favourable  to  its  production. 
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Krupp’s  cast-steel , manufactured  at  Essen  near  Cologne,  and  employed 
for  ordnance,  shells,  Ac.,  is  a puddled  steel  made  from  haematite  and 
spathic  ore,  smelted  with  coke.  The  iron  thus  obtained  contains  much 
manganese,  which  is  removed  in  the  puddling  process.  Krupp’s  steel 
contains  about  1.2  per  cent,  of  combined  carbon,  and  is  fused  with  a 
little  bar-iron  for  casting  ordnance.  The  fusion  is  effected  in  black  lead 
crucibles  holding  30  lbs.  each,  of  which  as  many  as  1200  are  emptied 
simultaneously  into  the  mould  for  the  largest  castings.  A casting  of 
16  tons  requires  about  400  men,  wTho  act  together  in  well-disciplined 
gangs,  so  that  the  stream  of  molten  metal  shall  flow  continuously  along 
the  gutters  into  the  mould.  Such  large  castings  must  be  allowed  to 
cool  very  gradually,  so  that  they  are  kept  surrounded  with  hot  cinders, 
sometimes  for  two  or  three  months,  till  required  for  forging. 

Siemens’  process  for  producing  steel  directly  from  the  ore  consists  in 
mixing  it  with  fluxing  and  reducing  materials,  and  heating  it  in  a 
rotating  furnace  lined  with  Bauxite  bricks  (p.  301),  and  supplied  with 
heated  air  from  a regenerator  (313).  A spongy  mass  of  metal  is 
thus  obtained,  like  that  from  the  puddling  furnace,  but  richer  in  carbon. 
This  is  afterwards  fused  with  a little  cast-iron  to  obtain  a mild  steel 
containing  less  than  0.24  per  cent,  of  carbon. 

The  soundness  of  steel  ingots  is  often  impaired  by  minute  bubbles  or 
blowholes  formed  by  carbonic  oxide  or  hydrogen,  the  former  produced 
by  the  action  of  the  carburised  iron  upon  a portion  of  oxidised  iron,  the 
latter  by  the  decomposition  of  moisture  in  the  air.  To  obviate  this, 
the  steel  is  sometimes  subjected  to  a pressure  of  several  tons  on  the 
square  inch  while  it  is  solidifying  ( Whitworth  steel). 

221.  Direct  extraction  of  wrouglit-iron  from  the  ore. — Where  very  rich 
and  pure  ores  of  iron,  such  as  haematite  and  magnetic  iron  ore,  are 
obtainable,  and  fuel  is  abundant,  the  metal  is  sometimes  extracted  with- 
out being  converted  into  cast-iron.  It  is  probable  that  the  iron  of  anti- 
quity was  extracted  in  this  way,  for  it  is  doubtful  whether  cast-iron  was 
known  to  the  ancients,  and  the  slag  left  from  old  iron-works  does  not  in- 
dicate the  use  of  any  flux.  Some  works  of  this  description  are  still  in 
operation  in  the  Pyrenees,  where  the  Catalan  process  (fig.  243)  is  employed. 
The  crucible  is  lined  at  the  sides  with  thick  iron  plates,  and  at  the 
bottom  with  a refractory  stone.  A quantity  of  red-hot  charcoal  is 
thrown  into  it,  and  the  space  above  this  is  temporarily  divided  into 
two  compartments  by  a shovel.  The  compartment  nearest  to  the  pipe 
through  which  the  blast  enters  is  charged  with  chai’coal,  and  the  other 
compartment  with  the  calcined  ore  in  small  pieces.  The  shovel  is  then 
withdrawn,  and  a gradually  increasing  current  of  air  supplied,  fresh 
ore  and  fuel  being  added  as  they  sink  down.  One  part  of  the  oxide  of 
iron  is  reduced  to  the  metallic  state  by  the  carbonic  oxide,  and  the  rest 
combines  with  the  silica  present  in  the  ore  to  form  a slag.  After  about 
five  hours  the  spongy  masses  of  bar-iron  are  collected  into  a ball  upon 
the  end  of  an  iron  rod,  and  hammered  into  a compact  mass  like  the 
metal  obtained  in  the  puddling  furnace.  The  blowing  machine  em- 
ployed in  the  Pyrenees  is  one  in  which  the  fall  of  water  from  a cistern 
down  a long  wooden  pipe,  sucks  in,  through  lateral  apertures,  a 
supply  of  air  which  it  carries  down  with  it  into  a box,  from  which  the 
pressure  of  the  column  of  water  projects  it  with  some  force  through  the 
blast-pipe,  the  water  escaping  from  the  box  through  another  aperture. 
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In  the  North  American  bloomery  forges  a modernised  form  of  the 
same  process  is  adopted. 

The  wrought-iron  produced  by  this  process  always  contains  a larger 
proportion  of  carbon  than  puddled  iron,  and  is  therefore  somewhat  steely 
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Fig.  243. — Catalan  forge  for  smelting  iron  ores. 

in  character.  In  India  the  native  smelters  produce  iron  or  steel  at  will 
by  this  process.  The  blast  furnace  (p.  31 1)  is  really  a development  of 
the  Catalan  forge,  the  hearth  being  enclosed  so  that  the  temperature  is 
raised  and  the  iron  more  highly  carburised. 

222.  Extraction  of  iron  on  the  small  scale. — In  tlie  laboratory,  iron  may  be  ex- 
tracted from  haematite  in  the  following  manner : — A fireclay  crucible  ( A,  fig.  244), 

about  3 inches  high,  is  filled  with  charcoal 
powder,  rammed  down  in  successive  layers 
a smooth  conical  cavity  is  scooped  in  the 
charcoal,  and  a mixture  of  100  grs.  red 
haematite,  25  grs.  chalk,  and  25  grs.  pipe- 
clay is  introduced  into  it ; the  mixture  is 
covered  with  a layer  of  charcoal,  and  a lid 
placed  on  the  crucible,  which  is  heated  in 
a Sefstrom  blast-furnace,*  fed  with  coke  in 
small  pieces,  for  about  half  an  hour.  On 
breaking  the  cold  crucible  a button  of  cast- 
iron  will  be  obtained. 

Nearly  pure  iron  may  be  prepared  by 
fnsino-  the  best  wire-iron  with  about  one-fifth  of  its  weight  of  pure  ferric  oxide, 
to  oxidise  the  carbon  and  silicon  which  it  contains.  Some  powdered  green  glass, 

• tab.  ih"  Stt 

Sto»*bSifwiB|  hi  . tool.,  lining  (D),  thong!  tvbi.b  font-  or  »ta 

copper  tubes  (E)  admit  the  blast  into  the  fuel. 


Fig.  244.—  Sefstrom  furnace. 
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perfectly  free  from  lead,  must  be  employed  as  a flux,  and  the  crucible  (with  its 
cover  well  cemented  on  with  fireclay)  exposed  for  an  hour  to  a very  high  tempera- 
ture. A silvery  button  of  iron  will  then  be  obtained. 

223.  Chemical  properties  of  iron. — In  its  ordinary  condition  iron  is 
unaffected  by  perfectly  dry  air,  but  in  the  presence  of  moisture  and 
carbonic  acid  gas  it  is  gradually  converted  into  hydrated  ferric  oxide 
(2Fe203.3H,0)  or  rust.  The  water  is  decomposed,  and  ferrous  carbonate 
formed3  (Fe‘  + I1„0  + CO,  = FeCOa  + H2) ; this  is  dissolved  by  the  car- 
bonic acid  present,  and  the  solution  rapidly  absorbs  oxygen  from  the 
air,  depositing  the  ferric  oxide  in  a hydrated  state)  2heC03  + 0 = 
Fe,Oa  + 2CO,.  When  iron  nails  are  driven  into  a new  oaken  fence,  a 
black  streak" will  soon  be  observed  descending  from  each  nail,  caused  by 
the  formation  of  tannate  of  iron  (ink)  by  the  action  of  the  tannic  acid 
in  the  wood  upon  the  solution  of  carbonate  of  iron  formed  from  the 
nails.  The  diffusion  of  iron-mould  stains  through  the  fibre  of  wet  linen 
by  contact  with  a nail,  is  also  caused  by  the  formation  of  solution  of 
carbonate  of  iron.  The  iron  in  chalybeate  waters  is  also  generally  pre- 
sent in  the  form  of  carbonate  dissolved  in  carbonic  acid,  and  hence  the 
rusty  deposit  which  is  formed  when  they  are  exposed  to  the  air.  Iron 
does  not  rust  in  water  containing  a free  alkali,  or  alkaline  earth,  or  an 
alkaline  carbonate. 

Concentrated  sulphuric  and  nitric  acids  do  not  act  upon  iron  at  the 
ordinary  temperature,  though  they  dissolve  it  rapidly  when  diluted. 
Even  when  boiling,  strong  sulphuric  acid  acts  upon  it  but  slowly. 
When  iron  has  been  immersed  in  strong  nitric  acid  (sp.  gr.  1.45),  it 
is  found  to  be  unacted  upon  when  subsequently  placed  in  nitric 
acid  of  sp.  gr.  1.35,  unless  previously  wiped;  it  is  then  said  to  have 
assumed  the  ]xtssive  state.  If  iron  wire  be  placed  in  nitric  acid  of 
sp.  gr.  1.35,  it  is  acted  upon  immediately,  but  if  a piece  of  gold  or 
platinum  be  made  to  touch  it  beneath  the  acid,  the  iron  assumes  the 
passive  state,  and  the  action  ceases  at  once.  A state  similar  to  this, 
the  cause  of  which  has  not  yet  been  satisfactorily  explained,  is  some- 
times assumed  by  the  other  metals,  though  in  a less  marked  degree. 
In  the  case  of  iron  it  has  been  attributed  to  the  formation  of  a coat- 
ing of  the  magnetic  oxide,  which  is  sparingly  soluble  in  strong  nitric 
acid. 

Ferrum  redactum  is  iron  in  powrder  obtained  by  reducing  ferric  oxide 
with  hydrogen  at  a red  heat  in  an  iron  tube.  It  always  contains  some 
Fe3°4. 

224.  Oxides  of  iron. — Three  compounds  of  iron  with  oxygen  are 
known  in  the  separate  state — FeO,  Fe304,  Fe,03. 

Ferrous  oxide,  or  protoxide  of  iron , FeO,  is  obtained  by  heating 
ferric  oxide  to  500°  C.  in  dry  hydrogen ; Fe,03  + H2  = IT,0  + 2FeO.  It 
is  obtained  as  a grey  powder,  which  readily  absorbs  0"  from  the  air, 
taking  fire  and  becoming  Fe304.  It  is  a basic  oxide,  yielding  ferrous 
salts.  In  the  finely  divided  state  it  decomposes  water. 

Ferrous  hydrate,  Fe(FIO)2,  is  precipitated  by  alkalies  from  the  ferrous 
salts.  When  pure  it  forms  a white  precipitate,  but  if  air  be  present  it 
becomes  green  from  the  production  of  ferroso-ferric  oxide,  and  ulti- 
mately brown  ferric  hydrate.  These  changes  are  best  seen  when  potash 
or  ammonia  is  added  to  the  ferrous  salt  obtained  by  shaking  iron  turn- 
ings or  filings  with  a strong  solution  of  sulphurous  acid.  This  disposi- 
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tion  of  the  ferrous  hydrate  to  absorb  oxygen  is  turned  to  advantage 
when  a mixture  of  ferrous  sulphate  with  lime  or  potash  is  employed  for 
converting  blue  into  white  indigo.  The  ferrous  oxide  is  a strong  base. 

Ferric  oxide,  or  peroxide  of  iron,  Fe903,  occurs  as  specular  iron  ore  in  six- 
sided  crystals,  and  in  haematite,  as  already  noticed  among  the  ores  of 
iron,  and  has  also  been  referred  to  as  occurring  in  commerce  under  the 
names  of  colcothar , jeweller's  rouge,  and  Venetian  red,  which  are  ob- 
tained by  the  calcination  of  the  green  sulphate  of  iron  ; 2FeS04  = 
Fe,03  + SO„  + S03.  The  hydrate,  obtained  by  decomposing  a solution  of 
ferric  chloride  with  an  alkali,  forms  a brown  gelatinous  precipitate, 
which  is  easily  dissolved  by  acids.  When  dried  at  ioo°  C.,  it  becomes 
2Fe.,03.H,0.  If  a hot  solution  of  a ferric  salt  be  precipitated  by  an  alkali, 
and  the  precipitate  dried  over  sulphuric  acid,  it  becomes  Fe2(H0)G.Fe203, 
which  is  the  composition  of  iron-rust  and  of  some  brown  haematites. 
When  either  of  the  hydrates  is  heated  to  dull  redness,  it  exhibits  a 
sudden  glow,  and  is  converted  into  a modification  of  Fe„03,  which  is 
dissolved  with  great  difficulty  by  acids,  although  it  has  the  same  com- 
position as  the  soluble  form  which  has  not  been  strongly  heated. 
When  the  ferric  oxide  is  heated  to  whiteness,  it  loses  oxygen,  and  is 
converted  into  magnetic  oxide  of  iron;  3Fe203  = 2Fe304  + 0.  Existing 
as  it  does  in  all  soils,  ferric  oxide  is  believed  to  fulfil  the  purpose  of 
oxidising  the  organic  matter  in  the  soil,  and  converting  its  carbon  into 
carbon  dioxide,  to  be  absorbed  by  the  plant ; the  ferric  oxide  being  thus 
reduced  to  ferrous  oxide,  which  is  oxidised  by  the  air,  and  fitted  to  per- 
form again  the  same  office.  Ferric  oxide,  like  alumina,  is  a weak  base, 
and  even  exhibits  some  tendency  to  play  the  part  of  an  acid  towards 
strong  bases,  though  not  in  so  marked  a degree  as  alumina.  When 
Fe„03  is  heated  in  a stream  of  H or  CO,  it  yields  Fe304  at  350°  C., 
pyrophoric  FeO  at  500°  C.,  and  metallic  iron  at  from  700°  to  8oo°  C. 

Magnetic  or  black  oxide  of  iron,  or  magnetite,  F e304,  is  generally  regarded 
as  a compound  of  ferrous  oxide  with  ferric  oxide  (Fe0.Fe203),  a view 
which  is  confirmed  by  the  occurrence  of  a number  of  minerals  having 
the  same  crystalline  form  as  the  native  magnetic  oxide  of  iron,  in 
which  the  iron,  or  part  of  it,  is  displaced  by  other  metals.  Thus, 
spindle  is  Mg0.Al,03 ; Franklinite,  Zn0.Feo03 ; chrome-iron  ore, 
Fe0.Cr203;  pleonaste,  Mg0.Fe203;  Galmite,  ZnO.Al2Os.  The  natural 
magnetic  oxide  was  mentioned  among  the  ores  of  iron,  and  this  oxide 
has  been  seen  to  be  the  result  of  the  action  of  air  or  steam  upon 
iron  at  a high  temperature.  The  hydrated  magnetic  oxide  of  iron 
(Fe  04.TI20)  is  obtained  as  a black  crystalline  powder  by  mixing  1 mole- 
cule of  ferrous  sulphate  with  1 molecule  of  ferric  sulphate,  and  pouring 
the  mixture  into  a slight  excess  of  solution  of  ammonia,  which  is  after- 
wards boiled  with  it.  Magnetic  oxide  of  iron,  when  acted  upon  by 
acids,  yields  mixtures  of  ferrous  and  ferric  salts,  so  that  it  is  not  an 
independent  basic  oxide. 

The  very  stable  character  of  Fe304  has  led  to  its  application  for  pro- 
tecting iron  from  rust.  When  superheated  steam  is  passed  over  the 
red-hot  metal,  a very  dense  strongly  adherent  film  of  Fe30(  is  produced, 
which  effectually  protects  the  metal  ( Barff's  process ).  A similar  coat- 
ing is  produced  by  the  action  of  a mixture  of  air  and  carbonic  acid  gas 
(fiowcr's  process'). 

Ferric  acid,  H2Fe04,  has  not  been  obtained  in  the  free  state. 
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When  iron  filings  are  strongly  heated  with  nitre,  and  the  mass  treated  with  a 
little  water,  a fine  purple  solution  of  potassium  ferrate  is  obtained.  A better 
method  of  preparing  this  salt  consists  in  suspending  i part  of  freshly  precipitated 
ferric  hydrate  in  50  parts  of  water,  adding  30  parts  of  solid  potassium  hydrate, 
and  passing  chlorine  till  a slight  effervescence  commences  ; Fe.203  + Cl0  + 10KHO  = 
6KCl+2(K2Fe04)  + 5H20;  the  ferrate  forms  a black  precipitate,  being  insoluble 
in  the  strongly  alkaline  solution,  though  it  dissolves  in  pure  water  to  form  a 
purple  solution,  which  is  decomposed  even  by  dilution,  oxygen  escaping,  and 
hydrated  ferric  oxide  being  precipitated.  A similar  decomposition  takes  place 
on  boiling  a strong  solution,  or  on  adding  an  acid  with  a view  to  liberate  the 
ferric  acid.  The  ferrates  of  barium,  strontium,  and  calcium  are  obtained  as 
fine  red  precipitates  when  solutions  of  their  salts  are  mixed  with  potassium 
fcrrcitG 

As  a lecture  experiment,  the  ferrate  is  readily  prepared  by  dissolving  a frag-  . 
ment  of  KHO  in  a little  solution  of  Fe2Cl6,  adding  a few  drops  of  bromine,  and 
o-ently  heating.  On  dissolving  the  cold  mass  in  water,  a fine  red  solution  is 
obtained,  which  gives  a red  granular  precipitate  with  BaCL,. 

The  pink  solution  obtained  by  boiling  some  samples  of  chloride  of  lime  with 
water  contains  calcium  ferrate,  and  gives  a pink  precipitate  with  BaCl2.  By 
boiling  Fe„Clu  with  excess  of  chloride  of  lime,  a fine  pink  solution  of  calcium 
ferrate  is  obtained. 

Ferrous  carbonate,  FeCOs,  or  spathic  iron  ore,  or  siderite,  is  found  in  rhombo- 
hedral  crystals  associated  with  the  carbonates  of  Ca,  Mg,  and  Mn,  which  are 
isomorphous  with  it.  It  occurs  in  chalybeate  waters,  dissolved  in  carbonic  acid, 
and  deposits  as  ferric  hydrate  when  the  water  is  exposed  to  air. 

If  powdered  iron  which  has  been  reduced  from  the  oxide  by  hydrogen  ( ferrum 
redaction ) be  suspended  in  water,  and  a stream  of  C02  be  passed  for  some  time, 
a solution  of  ferrous  carbonate  in  carbonic  acid  is  obtained,  which,  when  filtered, 
is  colourless,  becomes  rusty  when  exposed  to  air,  and  gives,  when  boiled,  an 
abundant  precipitate  of  FeC03,  which  is  nearly  white,  and  becomes  green  when 
exposed  to  air. 

Sodium  carbonate  added  to  a ferrous  salt  gives  a white  precipitate  if  all  air  be 
excluded;  otherwise,  oxygen  is  absorbed  and  a dingy  green  precipitate  con- 
taining Fe304  is  formed. 

The  substance  sold  as  ferric  carbonate,  obtained  by  precipitating  a ferric  salt 
with  sodium  carbonate,  is  mainly  ferric  hydrate,  since  weak  bases  like  Fe„03  do 
not  form  carbonates. 

225.  Ferrous  sulphate,  copperas,  green  vitriol,  or  sulphate  of  iron,  is 
easily  obtained  by  beating  1 part  of  iron  wire  with  1^  part  of  strong 
sulphuric  acid,  mixed  with  4 times  its  weight  of  water,  until  the  whole 
of  the  metal  is  dissolved,  when  the  solution  is  allowed  to  crystallise.  Its 
manufacture  on  the  large  scale  by  the  oxidation  of  iron  pyrites  has  been 
already  referred  to.  It  forms  fine  green  rhomboidal  crystals,  having  the 
composition  FeS04.H20.6Aq. 

The  colour  of  the  crystals  varies  somewhat,  from  the  occasional  pre- 
sence of  small  quantities  of  ferric  sulphate,  Fe2(S04)3.  It  dissolves  very 
easily  in  twice  its  weight  of  cold  water,  yielding  a pale  green  solution. 
One  part  of  boiling  water  dissolves  about  2.5  parts  of  the  crystals. 
When  the  commercial  sulphate  of  iron  is  boded  with  water,  it  yields  a 
brown  muddy  solution,  in  consequence  of  the  decomposition  of  the 
ferric  sulphate  contained  in  it,  with  precipitation  of  a basic  sulphate. 
Ferrous  sulphate  has  a great  tendency  to  absorb  oxygen,  and  to  become 
converted  into  ferric  sulphate.  Thus,  the  ordinary  crystals  when  ex- 
posed to  air  gradually  become  brown,  and  are  converted  into  a mixture 
of  the  normal  and  basic  ferric  sulphates. 

This  disposition  to  absorb  oxygen  renders  the  ferrous  sulphate  useful 
as  a reducing  agent ; thus,  it  is  employed  for  precipitating  gold  in  the 
metallic  state  from  its  solutions.  But  its  chief  use  is  for  the  manu- 
facture of  ink  “and  black  dyes  by  its  action  upon  vegetable  infusions 
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containing  tannic  acid,  such  as  that  of  nut-galls.  This  application  will 
be  more  particularly  noticed  hereafter. 

Crystals  of  FeS04.H20.4Aq,  isomorphous  with  CuS04.II,0.4Aq,  may 
he  obtained  by  dropping  a crystal  of  cupric  sulphate  into  a super- 
saturated solution  of  ferrous  sulphate. 

The  salt  FeS04.S03  is  obtained  in  minute  prismatic  crystals  when  a 
saturated  solution  of  ferrous  sulphate  is  added  to  an  excess  of  strong 
sulphuric  acid. 

Ferric  sulphate , Fe2(S04)3,  is  found  in  Chili  as  a white  silky  crys- 
talline mineral,  coquimbite,  having  the  composition  Fe2(S04)3.9Aq. 

Ferrous  phosphate , Fe3(P04)„,  and  arsenate,  Fe3(As04)2,  are  used  in 
medicine,  being  prepared  by  precipitating,  ferrous  sulphate  with  a 
mixture  of  sodium  acetate  and  sodium  phosphate  or  arsenate.  The 
acetate  is  used  so  that  the  resulting  liquid  may  contain  free  acetic 
acid  instead  of  the  free  sulphuric  formed  by  the  H in  the  sodium  salt ; 
3FeS04  + 2hTa2HP04  = Fe3(P04),  + Na,S04  + H2S04.  Both  the  phos- 
phate and  arsenate  are  white  when  perfectly  pure,  but  they  become 
blue  when  exposed  to  air,  from  the  production  of  a little  ferroso-ferric 
salt.  The  precipitated  ferric  phosphate  is  2FeP04-5Aq.  Ferrous  phos- 
phate is  found  in  the  mineral  Vivianite,  or  native  Prussian  blue, 
Fep(P04)2.8Aq. 

Ferrous  silicate,  FeoSi04,  is  found  crystallised  in  finery  cinder  of  the 
iron- works. 

Ferrous  chloride,  FeCl„,  sublimes  in  colourless  six-sided  scales  when 
iron  is  heated  in  HC1  gas.  It  is  deliquescent,  and  crystallises  from 
water  in  pale  green  crystals,  FeCl2.4Aq,  which  are  oxidised  by  air. 

Ferrous  iodide,  Feln,  is  prepared  by  digesting  fine  iron  wire  with 
twice  its  weight  of  iodine  and  about  eight  parts  of  water  for  some  time, 
afterwards  boiling  till  the  red  colour  has  disappeared,  filtering,  and 
evaporating  down  in  contact  with  clean  iron.  It  forms  green  crystals, 
FeI2-4Aq,  which  are  deliquescent  and  very  soluble  in  water.  The  solu- 
tion absorbs  oxygen  from  the  air,  and  deposits  a brown  precipitate 
unless  kept  in  contact  with  clean  iron  or  mixed  with  strong  syrup. 

226.  Ferric  chloride,  or  perchloride  of  iron  (Fe2ClG),  is  obtained  in 
beautiful  dark  green  crystalline  scales  when  iron  wire  is  heated  in  a 
glass  tube  through  which  a current  of  dry  chlorine  is  passed,  the  ferric 
chloride  passing  off  in  vapour,  and  condensing  in  the  cool  part  of  the 
tube.  The  crystals  almost  instantly  become  wet  when  exposed  to  air 
on  account  of  their  great  attraction  for  water.  Ferric  chloride  may  be 
obtained  in  solution  by  dissolving  iron  in  hydrochloric  acid,  and  con- 
verting. the  ferrous  chloride  (FeCl„)  thus  formed  into  ferric  chloride  by 
the  action  of  nitric  and  hydrochloric  acids  (p.  170).  A strong  solution 
yields  crystals  of  Fe,ClG.2Aq.  The  aqueous  solution  reddens  litmus. 
The  crystals  are  decomposed  by  heat,  leaving  an  oxychloride.  The 
solution  of  ferric  chloride  has  been  recommended  in  some  cases  as  a 
disinfectant,  being  easily  reduced  to  ferrous  chloride,  and  thus  afford- 
ing chlorine  to  unstable  organic  matters  (p.  154).  In  contact  with 
paper,  Fe,ClG  becomes  reduced  to  FeCl2  when  exposed  to  light.  A 
solution  of  perchloride  of  iron  in  alcohol  is  used  in  medicine  under  the 
name  of  tincture  of  iron.  It  is  also  soluble  in  ether. 

Solution  of  ferric  chloride  is  capable  of  dissolving  a very  large  quantity  of  pure 
freshly  precipitated  ferric  oxide,  nine  molecules  of  Fe203  being  dissolved  by  one 
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molecule  of  Fe2Cl6.  The  solution  of  ferric  oxychloride  thus  obtained  has  a very 
dark  red  colour,  and  yields  a very  copious  brown  precipitate  with  common  water, 
or  any  solution  containing  even  a trace  of  a sulphate.  By  dialysis,  an  aqueous 
solution  of  ferric  oxide  is  left  in  the  dialyser. 

Ferrous  sulphide,  FeS,  is  formed  when  a red-hot  bar  of  iron  is  rubbed  with  a 
stick  of  sulphur,  the  fused  FeS  running  off  in  globules.  It  is  usually  prepared 
by  mixing  3 parts  of  iron  filings  with  2 parts  of  sulphur,  and  throwing  the  mix- 
ture, a little  at  a time,  into  a red-hot  crucible,  when  it  forms  a fused  metallic- 
looking  mass.  It  is  obtained  as  a black  precipitate  when  an  alkaline  sulphide  is 
added  to  a ferrous  salt.  It  is  easily  oxidised  when  exposed  to  air  in  a moist 
•state,  and  dissolves  readily  in  HC1,  being  indeed  the  only  black  sulphide  which 
dissolves  easily  in  dilute  HC1.  It  is  used  in  the  laboratory  for  making  H2S. 

Magnetic  pyrites,  Fe7S8,  is  found  in  yellow  six-sided  crystals. 

Iron  pyrites,  or  mundic,  FeS2,  forms  yellow  cubes  or  octahedra  of  sp.  gr.  5.2. 
It  is  formed  by  the  slow  reduction  of  ferrous  sulphate  by  organic  matter,  and  its 
presence  in  coal  appears  to  be  accounted  for  in  this  way.  Minute  crystals  of 
iron  pyrites  are  sometimes  found  as  rough  casts  of  organic  substances.  It  burns 
when  heated,  yielding  Fe203  and  S02,  and  is  largely  used  as  a source  of  the 
latter  by  the  vitriol  manufacturer.  Sulphur  itself  may  be  obtained  from  it  by 
distillation  at  a high  temperature,  Fe3S4  being  left.  FeS.,  is  insoluble  in  HC1, 
which  distinguishes  it  from  FeS.  It  may  be  dissolved  by  nitric  acid.  Radiated 
pyrites,  or  white  pyrites,  or  marcasite,  has  the  same  composition,  but  its  sp.  gr. 
is  only  4.8. 

Some  kinds  of  pyrites  explode  with  considerable  violence  when  heated,  and 
create  much  alarm  when  they  occur  in  household  coal ; these  have  been  found 
to  contain  small  cavities  filled  with  highly  compressed  (probably  liquid)  CO.,, 
which  expands  suddenly  when  heated. 

Compact  yellow  iron  pyrites  is  not  oxidised  by  exposure  to  air,  but  white 
pyrites  is  easily  converted  into  ferrous  sulphate  and  sulphuric  acid,  the  oxidation 
being  attended  by  so  much  heat  as  to  set  fire  to  coal.  Even  yellow  pyrites  in 
minute  crystals  diffused  through  clay  will  behave  in  the  same  way. 

The  FeS2  may  be  obtained  artificially  by  heating  iron  with  excess  of  sulphur 
to  a temperature  below  redness,  or  by  heating  feme  oxide  or  hydrate  moderately 
in  a stream  of  H2S  as  long  as  it  increases  in  weight. 

Ferrous  silicide,  Fe2Si,  has  been  obtained  by  fusing  red  haematite  with  sand 
and  charcoal.  It  is  insoluble  in  hydrochloric  acid  and  dissolves  but  slightly  in 
aqua  regia,  even  after  long  boiling. 

Iron  nitride,  a compound  of  iron  with  about  9 per  cent,  of  nitrogen,  has  been 
found  as  a silvery  deposit  on  the  lavas  of  Etna.  It  yields  ammonia  when  heated 
in  hydrogen. 

227.  Atomic  weight  of  iron. — When  iron  is  dissolved  in  hydrochloric 
acid,  28  parts  by  weight  of  iron  combine  with  35.5  parts  of  chlorine, 
displacing  1 part  of  hydrogen.  The  specific  heat  of  iron,  and  its  iso- 
morphism with  magnesium,  zinc,  and  cadmium,  show  that  its  atomic 
weight  must  be  represented  by  56,  so  that  iron  is  a diad  or  divalent  ele- 
ment, one  atom  of  iron  being  exchangeable  for  two  atoms  of  hydrogen. 

The  molecular  formula  of  ferric  chloride  has  been  confirmed  by  the 
determination  of  the  specific  gravity  of  its  vapour,  which  has  been  found 
to  be  165  times  that  of  hydrogen.  If,  therefore,  one  volume  (or  one 
atom)  of  hydrogen  be  represented  as  having  a weight  = 1,  two  volumes 
(or  one  molecule)  of  ferric  chloride  vapour  would  weigh  (165  x 2)  330, 
a number  nearly  agreeing  with  the  sum  of  two  atoms  of  iron  (112)  and 
six  atoms  of  chlorine  (213). 

It  will  be  remarked  that  iron  possesses  a different  valency  accordingly 
as  it  exists  in  ferrous  or  ferric  compounds.  Thus,  in  ferrous  oxide  (FeO) 
and  ferrous  chloride  (FeCl„)  it  occupies  the  place  of  two  atoms  of  hy- 
drogen,  and  is  diatomic ; but  in  ferric  oxide  (Fe203)  and  ferric  chloride 
(FeaClc)  each  atom  of  iron  occupies  the  place  of  three  atoms  of  hydrogen 
and  is  triatomic.  ’ 
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Iron  is  remarkable  for  its  two  series  of  fairly  stable  salts,  the  ferrous 
and  ferric,  tbe  former  acting  as  reducing  agents,  and  the  latter  as 
oxidising  agents.  Ferrous  iron  resembles  magnesium  and  zinc  in  its 
disposition  to  form  double  salts  with  salts  of  ammonium,  hence  its 
solutions  are  imperfectly  precipitated  by  ammonia ; but  ferric  iron 
resembles  aluminium,  and  is  completely  precipitated.  Nitric  acid, 
chloric  acid,  and  chlorine  will  always  convert  ferrous  into  ferric  salts, 
and  ensure  complete  precipitation  by  ammonia. 

Some  chemists  designate  the  diatomic  iron  existing  in  ferrous  compounds  by 
the  name  ferrosum  (he"),  and  the  triatomic  iron  of  the  ferric  compounds  by 
ferricum  (Fe'").  Others  regard  iron  as  a tetratomic  metal  FeiT,  existing  in  the 
ferrous  salts  as  a group  of  two  atoms  united  by  two  bonds,  and  in  the  ferric  salts 
as  a group  of  two  atoms  united  by  one  bond.  On  this  view,  ferrous  chloride 
would  be  Fe2Cl,„  or  Cl.=Fe=Fe=Cl.„  and  ferric  chloride  would  be  Fe„Cl6,  or 
Cla=Fe— Fe=Cl3. 


COBALT. 

Co"=59  parts  by  weight. 

228.  Some  of  the  compounds  of  cobalt  are  of  considerable  importance 
in  the  arts,  on  account  of  their  brilliant  and  permanent  colours.  It  is 
generally  found  in  combination  with  arsenic  and  sulphur,  forming  tin- 
white  cobalt,  CoAs2,  and  cobalt  glance,  Co  As,.  CoS,,  but  its  ores  also 
generally  contain  nickel,  copper,  iron,  manganese,  and  bismuth. 

The  metal  itself  is  obtained  by  strongly  heating  the  cobalt  oxalate 
(CoC„04)  in  a covered  porcelain  crucible.  In  its  properties  it  closely 
resembles  iron,  but  it  is  said  to  surpass  it  in  tenacity.  It  is  heavier 
than  iron,  sp.  gr.  8.6,  and  rather  more  easily  fusible. 

Two  oxides  of  cobalt  are  known — the  'protoxide,  or  cobaltous  oxide,  CoO, 
which  is  decidedly  basic,  and  the  sesquioxide,  or  cobaltic  oxide,  Co203, 
which  is  a very  feeble  base.  The  protoxide  of  cobalt,  like  those  of  iron 
and  manganese,  tends  to  absorb  oxygen  from  the  air,  and  when  heated 
in  the  air,  becomes  converted  into  CoO.Co„03,  corresponding  to  the 
magnetic  oxide  of  iron.  The  commercial  oxide  of  cobalt,  which  is 
employed  for  painting  on  porcelain,  is  obtained  by  roasting  the  ore,  m 
order  to  expel  part  of  the  sulphur  and  arsenic,  dissolving  it  in  hydro- 
chloric acid,  and  precipitating  the  ferric  oxide  by  the  careful  addition 
of  lime,  when  the  remaining  arsenic  is  also  precipitated  as  ferric 
arsenate.  ITydrosulphuric  acid  is  passed  through  the  acid  solution  to 
precipitate  the  bismuth  and  copper,  leaving  the  cobalt  and  nickel  in 
solution.  The  latter,  having  been  boiled  to  expel  the  excess  of  hydro- 
sulphuric  acid,  is  neutralised  with  lime  and  mixed  with  solution  of 
chloride  of  lime,  which  precipitates  the  sesquioxide  of  cobalt  as  a black 
powder,  leaving  the  oxide  of  nickel  in  solution,  from  which  it  may  be 
precipitated  by  the  addition  of  lime. 

Cobaltous  hydrate,  Co(IiO),,  is  obtained  by  adding  potash  in  excess 
to  a solution  of  cobaltous  salt,  and  boiling.  The  blue  precipitate  pro- 
duced at  first  is  a basic  salt  which  becomes  converted  into  the  red 
hydrate  on  boiling  with  excess  of  potash.  If  air  be  allowed  access,  it 
oxidises  the  red  precipitate,  converting  it  into  brown  cobaltic  hydrate. 
Cobaltous  hydrate  dissolves  in  ammonia,  giving  a fine  red  solution  which 
absorbs  oxygen  from  the  air  and  becomes  brown. 

Cobaltic  oxide,  Co„03,  is  left  as  a black  powder  when  cobaltic  nitrate 
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is  gently  heated.  It  dissolves  in  cold  HC1,  yielding  a brown  solution 
of  cobciltic  chloride , Co2CJlc,  which  is  easily  decomposed  when  heated, 
evolving  Cl.,  and  leaving  2C0CI,. 

Cobaltic  hydrate , Oo3(HO)6,  "forms  the  black  precipitate  when  the 
solution  of  a hypochlorite  or  hypobromite  is  added  to  a cobaltous  salt. 

Cobaltous  nitrate,  Co(N03)2.6Aq,  obtained  by  dissolving  CoO  in 
HN03  and  crystallising,  forms  red  prisms  which  become  blue  when 
their  water  is  expelled,  and  afterwards  black  Co203. 

Cobalt-yellow,  or  potassivm-cobaltic  nitrite,  K6Co',,2(N’02)1>,  is  obtained 
as  a yellow  precipitate  when  cobaltous  nitrate  is  acidulated  with  acetic 
acid,  and  potassium  nitrite  added ; the  acetic  acid  liberates  nitrous  acid, 
which  oxidises  the  cobaltous  salt;  2Co"(ISr03)2  + 10KHO,  + 4HN02  = 
K6Co"'2(lSr02)12  + 4lvN03  + 21ST0  + 2H20.  It  forms  a yellow  crystalline 
precipitate,  slightly  soluble  in  water,  and  not  decomposed  by  cold  HC1 
or  HN03.  Caustic  alkalies  decompose  it,  separating  cobaltic  hydrate. 

Cobaltous  chloride  (CoCl,,),  obtained  by  dissolving  either  of  the  oxides 
in  hydrochloric  acid,  forms  red  prisms,  CoCl2.6Aq,  which  become  blue 
CoCl.,.2Aq  at  1200  C.,  and  at  140°  C.,  CoCl2,  which  may  be  sublimed 
in  dark  blue  scales  in  a current  of  chlorine.  If  strong  hydrochloric 
acid  be  added  to  a red  solution  of  this  salt,  it  becomes  blue ; if  enough 
water  be  now  added  to  render  it  pink,  the  blue  colour  may  be  produced 
at  pleasure  by  boiling,  the  solution  first  passing  through  a neutral  tint. 
Chloride  ( muriate ) of  cobalt  is  employed  as  a sympathetic  ink,  for 
characters  written  with  its  pink  solution  are  nearly  invisible  till  they 
are  held  before  the  fire,  when  they  become  blue,  and  resume  their 
original  pink  colour  if  exposed  to  the  air;  a little  chloride  of  iron 
causes  a green  colour. 

The  cobaltous  sulphide  (CoS)  is  obtained  as  a black  precipitate  when 
an  alkaline  sulphide  is  added  to  a solution  of  a salt  of  cobalt.  It  differs 
from  FeS  by  being  insoluble  in  TIC1.  A cobaltic  sulphide  (Co2S3)  is 
found  in  grey  octahedra,  forming  cobalt  pyrites.  The  disulphide  (CoS2) 
has  been  obtained  artificially. 

Cobaltous  sulphate , CoS04.7H20,  is  found  as  cobalt  vitriol.  It  forms 
red  prisms  isomorplious  with  ferrous  sulphate.  It  does  not  become 
blue  when  dried,  and  bears  a high  temperature  without  decomposing. 

Cobaltous  arsenate,  or  cobalt  bloom,  Co3(As04).,.8Aq,  is  found  in  pink 
needles. 

Cobalt  di-arsenide,  CoAs.„  is  found  crystallised  as  tin- white  cobalt  and 
speiss  cobalt,  in  which  it  is  associated  with  the  isomorphous  arsenides 
of  nickel  and  iron,  so  that  it  is  written  [CoNiFe]As2.  CoAs3  is  also 
found  in  nature. 

The  cobaltous  silicate  associated  with  potassium  silicate  forms  the  blue 
colour  known  as  smalt,  which  is  prepared  by  roasting  the  cobalt  ore,  so 
as  to  convert  the  bulk  of  the  cobalt  into  oxide,  leaving,  however,  a con- 
siderable quantity  of  arsenic  and  sulphur  still  in  the  ore.  The  residue 
is  then  fused  in  a crucible  with  ground  quartz  and  carbonate  of  potash, 
when  a blue  glass  is  formed,  containing  cobalt  silicate  and  potassium 
silicate,  whilst  the  iron,  nickel,  and  copper,  combined  with  arsenic  and 
sulphur,  collect  at  the  bottom  of  the  crucible  and  form  a fused  mass  of 
metallic  appearance  known  as  speiss,  which  is  emplo}red  as  a source  of 
mckel.  The  blue  glass  is  poured  into  cold  water,  so  that  it  may  be 
more  easily  reduced  to  the  fine  powder  in  which  the  smalt  is  sold.  If 
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the  cobalt  ore  destined  for  smalt  be  over-roasted,  so  as  to  convert  the 
;iron  into  oxide,  this  will  pass  into  the  smalt  as  a silicate,  injuring  its 
colour.  Smalt  much  resembles  ultramai'ine,  but  is  not  bleached  by  acids. 

Z'affre  is  prepared  by  roasting  a mixture  of  cobalt  ore  with  two  or 
three  parts  of  sand. 

Thenard’s  blue,  or  cobalt  ultramarine,  consists  of  cobalt  phosphate  and 
aluminium  phosphate,  and  is  prepared  by  mixing  precipitated  alumina 
with  cobalt  phosphate  and  calcining  in  a covered  crucible.  . The  phos- 
phate is  obtained  by  precipitating  a solution  of  cobalt  nitrate  with 
phosphate  of  potassium  or  sodium. 

Rinmanris  green  is  prepared  by  calcining  the  precipitate  produced 
by  sodium  carbonate  in  a mixture  of  cobalt  sulphate  with  zinc  sulphate. 
It  is  a compound  of  the  oxides  of  cobalt  and  zinc. 

The  relations  of  ammonia  to  the  cobalt  salts  are  very  remarkable  and 
characteristic,  the  NH3  combining  both  with  cobaltous  and  cobaltic 
salts  to  form  compounds  which  behave  like  salts  of  new  bases  contain- 
ing cobalt,  nitrogen,  and  hydrogen. 

When  solution  of  NH3  is  added  to  CoCl2,  and  air  is  excluded,  the 

red  cobaltoso-ammonic  chloride  is  formed — 

CoCl2  + 6NH3  = C1(NH3)3Co"(NHs)3C1. 

If  the  solution  be  exposed  to  air,  it  becomes  much  darker,  and  on  adding 
stroii"  HC1  in  excess,  it  deposits  crystals  of  di-cobaltic  hexammonic 
chloride;  0o,Cl«  + 6NH,  = Cl,(NH,)aCo”'!(NH!)8Cl,  A large  number 
of  beautifully  coloured  compounds  of  a similar  nature  have  been  pre- 
pared. They  are  generally  referred  to  as  cobaltamine  compounds. 

Cobalt  is  seen  to  resemble  iron  in  many  respects,  but  the  cobaltic 
compounds  are  much  less  stable  than  the  ferric  compounds.  _ Cobaltous 
compounds  become  oxidised  to  cobaltic  compounds  only  m solutions 
which  are  neutral  or  alkaline,  while  ferrous  compounds  are  easily 
oxidised  in  acid  solutions.  No  compounds  corresponding  to  the  cobalt- 
amine  compounds  are  obtained  with  iron.  But  both  iron  and  cobalt 
form  remarkable  compounds  with  potassium  and  cyanogen,  iron  form- 
ing the  ferrocyanide,  K4Fe"Cy6,  and^  ferricyanide,  K3Fe  Cy6,  w 1 e 
cobalt  forms  the  cobalticyanide,  K^Co'^CVg. 


NICKEL. 

Ni"  = 59  parts  by  weight. 

220.  Nickel  owes  its  value  in  the  useful  arts  chiefly  to  its  property 
of  imparting  a white  colour  to  the  alloys  of  copper  and  zinc,  with  which 
it  forms  the  alloy  known  as  German  silver.  Alloys  of  copper  and  nickel 
are  used  in  coinage.  Nickel  is  very  nearly  allied  to  cobalt,  and  gene- 
rally occurs  associated  with  that  metal  in  its  ores.  One  of  the  principal 
ores  of  nickel  is  the  Kupfer nickel,  or  copper-nickel,  so  called  by  the 
German  miners  because  they  frequently  mistook  it  for  an  ore  of  copper ; 
it  has  a reddish  metallic  appearance,  and  the  formula  NlAs.  Grey 
nickel  ore,  or  nickel  glance,  is  an  arseniosulpliide  of  nickei  N^s 
Arsenical  nickel,  NiAs„,  corresponds  to  tm-wliite  cobalt  The  metal  is 
commonly  extracted  from  the  speiss  separated  during  the  preparation 
of  smalt  from  cobalt  ores.  It  is  now  generally  sent  into  commerce  m 
smaH  cubes  which  are  made  from  the  nickel  hydrate  precipitated  by 
lime  (p.  336).  This  is  ignited,  the  residual  NiO  washed  with  weak 
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HC1  to  remove  lime,  and  pressed  into  the  shape  of  cubes,  which  are 
strongly  heated  with  powdered  charcoal,  and  thus  reduced  to  the: 
metallic  state.  They  contain  a little  carbon,  as  well  as  other  im- 
purities. 

Nickel  is  now  extracted  from  an  ore  found  in  New  Caledonia,  which 
consists  of  silicates  of  nickel,  iron,  and  magnesium,  containing  24  per 
cent,  of  nickel.  The  ore  is  treated  with  sulphuric  acid,  and  the 
solution  mixed  with  ammonium  sulphate.  On  evaporation,  nickel 
ammonium  sulphate  is  deposited  in  crystals,  which  are  purified  by 
recrystallisation  and  boiled  with  an  alkaline  oxalate.  The  precipitated 
nickel  oxalate  is  decomposed  by  boiling  with  sodium  carbonate,  pro- 
ducing sodium  oxalate  which  may  be  used  again,  and  nickel  carbonate 
which  is  reduced  by  charcoal. 

The  uses  of  nickel  have  increased  within  the  last  few  years.  Dishes 
and  crucibles  of  this  metal  have  been  used  in  the  laboratory  in  many 
cases  as  substitutes  for  those  of  platinum  and  silver,  though  they  are, 
of  course,  more  easily  oxidised.  It  has  been  found  possible  to  weld  sheet 
nickel  upon  iron  and  steel  plates,  and  culinary  vessels,  &c.,  have  been 
made  of  such  plates,  which  are  not  liable  to  rust. 

The  pure  metal  is  obtained  by  igniting  the  oxalate,  as  in  the  case  of 
cobalt,  which  it  much  resembles  in  properties.  It  is  a little  heavier 
(sp.  gr.  8.9)  and  rather  more  fusible. 

The  oxides  of  nickel  correspond  in  composition  to  those  of  cobalt. 
The  salts  formed  by  nickelous  oxide  (NiO)  are  usually  green,  and  give 
bright  green  solutions.  The  hydrate  has  a characteristic  apple-green 
colour,  and  does  not  absorb  oxygen  from  the  air  like  the  cobaltous 
hydrate.  It  dissolves  in  ammonia  with  a blue  colour  unchanged  by 
The  greater  facility  with  which  the  cobalt  is  converted  into 
sesquioxide  has  been  applied  (as  above  described)  to  effect  the  separa- 
tion of  the  two  metals.  Nickelous  oxide  has  been  found  native  in 
octahedral  crystals,  which  have  also  been  obtained  accidentally  in  a 
copper-smelting  furnace. 

Ni304  is  obtained  bypassing  moist  oxygen  over  NiCl,  at  about  400°  C. 
It  has  a metallic  appearance,  and  is  seen  in  octahedral  crystals  under 
the  microscope.  It  is  converted  into  NiO  when  heated,  and  dissolves 
in  hydrochloric  acid  with  evolution  of  chlorine. 

Nickel  sulphate  (NiS04.H,,0.6Aq)  forms  fine  green  prismatic  crys- 
tals, the  water  of  constitution  in  which  may  be  displaced  by  potas- 
sium sulphate,  forming  the  double  sulphate  of  nickel  and  potassium, 
NiS04.K2S04.6Aq,  which  crystallises  so  readily  that  it  was  at  one  time 
the  foim  in  which  nickel  was  separated  from  the  other  metals  present 
in  its  ores. 

Nickel  sulphate  may  be  obtained  by  dissolving  nickel  in  dilute  sul- 
phuric acid.  It  is  isomorphous  with  the  sulphates  of  Mg,  Zn,  Fe,  and 
Co.  When  ammonia  is  added  to  its  solution,  it  produces  a green  pre- 
cipitate of  a basic  salt,  which  dissolves  in  excess  of  ammonia  to  a violet 
solution,  depositing  violet  crystals  of  NiS04.4NH  ,2H„0. 

Nickel-ammonium  sulphate , NiS04.(NII4)2Sd4.6Hp,  is  used  in 

e ectroplating  with  nickel.  It  is  almost  insoluble  in  ammonium  sul- 
phate. 

Three  sulphides  of  nickel  are  known — a subsulpliide , Ni2S ; a mono- 
sup ace,  Nib,  found  native  as  capillary  pyrites,  and  obtained  as  a black 


340 


MANGANESE. 


precipitate  by  the  action  of  an  alkaline  sulphide  upon  a salt  of  nickel : 
and  a disulphide , NiS2.  Nickel  sulphide,  like  cobalt  sulphide,  is  in- 
soluble in  HC1 ; but  ammonium  disulphide  dissolves  it  to  a dark  brown 
liquid. 

Nickel  is  farther  removed  from  iron  than  cobalt  is  \ its  peroxide,. 
Ni.,0.,,  shows  no  disposition  to  form  salts,  and  it  does  not  form  any  com- 
pound corresponding  to  ferro-  or  cobalti-cyanides.  It  has  far  less 
colouring  power  than  cobalt,  and  its  salts  are  commonly  green.  In 
many  respects  nickel  more  nearly  resembles  copper  than  iron. 

MANGANESE. 

Mn"  = 55  parts  by  weight. 

230.  Manganese  much  resembles  iron  in  several  particulars  relating 
both  to  its  physical  and  chemical  characters,  and  is  often  found  asso- 
ciated, in  small  quantities,  with  the  compounds  of  that  metal.  It  is 
found  chiefly  as pyrolusite,  Mn02,  brciunite,  Mn203,  and  manganese  spar. 
MnCO.j.  The  metal  itself  has  not  been  applied  to  any  useful  purpose. 

It  is  obtained  by  reducing  manganous  carbonate  (MnC03)  with  char- 
coal, at  a very  high  temperature,  when  a fused  mass,  composed  of 
manganese  combined  with  a little  carbon  (corresponding  to  cast-iron), 
is  obtained,  which  is  freed  from  carbon  by  a second  fusion  in  contact 
with  manganous  carbonate . 

Metallic  manganese  is  grey  with  a red  tinge,  hard  and  brittle,  sp. 
gr.  8,  very  difficult  to  fuse,  and  more  easily  oxidised  than  iron,  so  that 
it  decomposes  water  when  slightly  warmed.  It  is  only  feebly  attracted 

by  the  magnet.  _ . 

Manganese  dissolves  easily  in  diluted  hydrochloric  or  sulphuric  acid, 
Mn  displacing  H2,  like  Ee  and  Or.  It  resembles  iron  in  its  tendency 
to  combine  with  carbon  at  a high  temperature  to  form  a compound 
corresponding  to  cast-iron,  and',  in  this  form,  the  manganese  is  not 
oxidised  by  air.  • 

The  effect  of  an  addition  of  manganese  in  improving  the  quality  of 
melted  or  cast  steel  has  long  been  known,  but  has  not  yet  been  clearly 
explained.  Very  little  manganese  is  found  in  the  steel  itself,  and  it 
appears  to  act  rather  by  purifying  the  steel  from  sulphur,  phosphorus, 
and  other  substances. 

Sjnegel-eisen  and  ferro-manganese  are  alloys  containing  iron,  mangan- 
ese, and  carbon,  which  are  largely  used  in  the  production  of  Bessemer 

steel. 

231.  Oxides  of  manganese,  MnO,  Mn203,  Mn304,  Mn02,  Mn207.  _ 

Manganese  dioxide  or  peroxide,  MnO„,  is  the  chief  form  in  which 
this  metal  is  found  in  nature,  and  is  the  source  from  which  all  other 
compounds  of  manganese  are  obtained.  Its  chief  mineral  form  is 
pyrolusite,  which  forms  steel-grey  prismatic  crystals  of  sp.  gr.  4.8  ; but 
it  is  also  found  amorphous,  as  psilomelane,  and  in  the  hydrated  state  as 
wad  1 In  commerce,  pyrolusite  is  known  as  black  manganese,  or  simply 
manganese,  and  is  largely  imported  from  Germany,  Spain,  &c.,  for  the 
use  of  the  manufacturer  of  bleaching-powder  and  the  glass-maker.  It 
is  also  used  as  a cheap  source  of  oxygen,  which  it  evolves  when  heated 
to  redness,  without  fusing,  leaving  the  red  oxide  of  manganese,  Mn3G4. 
The  manganese  dioxide  is  an  indifferent  oxide,  and  does  not  combine 
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with  acids.  Strong  HC1,  however,  dissolves  it,  giving  a brown  solution 
from  which  water  precipitates  a brown  oxychloride.  If  the  brown 
solution,  which  probably  contains  MnCl4,  be  heated,  it  evolves  Cl2  and 
becomes  colourless  MnCl2.  Nitric  acid  is  almost  without  action  on 
it.  Strong  sulphuric  acid  evolves  oxygen  from  it;  MnO, + H2S04  = 
MnSO,  + H20  + 0.  Even  dilute  sulphuric  acid  effects  the  same  change' 
if  some  substance  ready  to  combine  with  oxygen  is  added,  such  as 
ferrous  sulphate  or  oxalic  acid.  Hence  a mixture  of  Mn02  and  Ii2S04 
is  much  used  as  an  oxidising  agent. 

When  heated  in  hydrogen,  the  oxides  of  manganese  are  not  reduced 
to  the  metal,  like  those  of  iron,  but  are  converted  into  MnO. 

Manganous  oxide,  MnO,  is  a greenish  powder  obtained  by  heating 
MnO,  or  MnC03  in  a current  of  hydrogen.  It  has  been  obtained  in 
transparent  emerald-green  crystals.  It  easily  absorbs  oxygen  from  the 
air.  It  is  a basic  oxide,  dissolving  in  acids  to  form  the  manganous 
salts.  It  has  been  found  native  in  a manganiferous  dolomite. 

Manganic  oxide,  or  manganese  sesquioxide,  Mn,03,  is  found  in  the 
mineral  braunite  in  octahedral  crystals.  By  its  general  appearance  it 
might  be  mistaken  for  MnO„,  but  it  dissolves  in  moderately  strong 
sulphuric  acid,  forming  a red  solution  of  manganic  sulphate,  Mn2(S04)3. 

Mn203  may  be  obtained  by  heating  any  of  the  oxides  of  manganese 
to  redness  in  a current  of  oxygen,  while  Mn304  is  formed  when  any 
one  of  the  oxides  is  heated  in  air.  When  MnO,  in  very  small  quan- 
tity is  added  to  melted  glass,  it  imparts  a purple  colour,  which  is  pro- 
bably due  to  the  formation  of  a manganic  silicate.  The  amethyst  is 
believed  by  some  to  owe  its  colour  to  the  same  cause. 

Red  oxide  of  manganese  (Mn304)  is  the  most  stable  of  the  oxides 
of  this  metal,  and  is  formed  when  either  of  the  others  is  heated  in  air. 
Thus  obtained,  it  has  a brown  or  reddish  colour;  but  it  is  found  in 
nature  as  the  black  mineral  hausmannite.  In  composition  it  resembles 
the  magnetic  oxide  of  iron,  but  it  seems  probable  that  its  true  formula 
is  2MnO.MnO.„  for  when  treated  with  diluted  nitric  acid  it  leaves  the 
black  hydrated  dioxide.  Strong  sulphuric  acid  dissolves  it  to  a red 
liquid  containing  manganous  and  manganic  sulphates.  Dilute  sul- 
phuric acid  leaves  Mn02  undissolved.  HC1  dissolves  it  when  heated, 
evolving  Cl  and  leaving  MnCl,. 

Permanganic  anhydride,  Mn207,  is  a red  oily  liquid  formed  when 
potassium  permanganate  is  decomposed  by  strong  sulphuric  acid ; 
K2Mn208  + 2H2S04  = 2lvHS04  + Mn207  + H20. 

It  decomposes  slowly,  even  at  common  temperatures,  evolving  oxy- 
gen, together  with  violet  vapour  of  Mn207.  When  heated,  it  decom- 
poses with  explosion.  It  is  a most  powerful  oxidising  agent,  setting 
fire  to  most  combustible  bodies.  In  contact  with  water,  it  yields  per- 
manganic acid,  H2Mno08. 

Manganous  hydrate,  Mn(OH)„  is  obtained  as  a white  precipitate 
when  an  alkali  is  added  to  a manganous  salt,  out  of  contact  with  air. 
When  exposed  to  air,  it  rapidly  becomes  brown,  forming  manganic 
hydrate. 

Manganic  hydrate,  Mn202(0H)2,  may  be  regarded  as  Mn203,  in  which 
0 has  been  replaced  by  (0H)„  or  as  Mn203.H20,  hydrated  manganese 
sesquioxide.  It  is  found  in  dark  grey  prismatic  crystals,  as  manganite, 
associated  with  Mn02,  from  which  it  differs  by  giving  a brown  instead 
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of  a black  streak  on  unglazed  earthenware.  Moreover,  on  boiling  it 
with  dilute  nitric  acid,  part  of  it  is  dissolved  as  manganous  nitrate, 
leaving  a hydrated  manganese  dioxide,  which  dissolves  to  a brown 
solution  when  thoroughly  washed.  A hydrated  manganese  dioxide  is 
also  precipitated  when  chloride  of  lime  is  added  to  a manganous  salt. 

Manganic  acid,  IT„Mn04,  has  not  been  obtained,  but  several  man- 
ganates  are  known,  which  are  isomorphous  with  the  chromates  and 
sulphates. 

Potassium  manganate,  K2Mn04,  is  formed  when  Mn02  is  fused  with 
potash;  3Mn02  + 2KHO  = K„Mn04  + Mn203  + H„0.  If  an  oxidising 
agent,  such  as  air  or  nitre,  be  present,  the  Mn203  is  also  converted  into' 
K2Mn04 ; Mn,Os  + 4K.HO  + 03  = 2K2Mn04  + 2H20.  The  extraction  of 
oxygen  from  air  upon  this  principle  has  been  described  at  p.  33. 

Sodium  manganate  (Ha  MnOJ,  obtained  by  heating  manganese  dioxide 
with  sodium  hydrate  under  free  exposure  to  air,  is  employed  in  a state 
of  solution  hi  water,  as  Condy's  green  disinfecting  fluid.  It  is  also  used 
as  a bleaching  agent,  and  in  the  preparation  of  oxygen  at  a cheap  rate. 
The  manganates  of  potassium  and  sodium  dissolve  in  water  containing 
potash  or  soda,  forming  green  liquids,  but  when  dissolved  in  pure  water, 
they  are  decomposed,  yielding  the  red  permanganates — 

3Na2Mn04  + 2H20  = Na2Mn2Os  + Mn02  + 4NaHO. 

Barium  manganate  forms  the  pigment  known  as  Cassel  green. 

Permanganic  acid,  H2Mn208,  has  been  obtained  in  a hydrated  crystalline  state 
by  decomposing  the  barium  permanganate  with  sulphuric  acid,  and  evaporating 
the  solution  in  vacuo.  It  is  a brown  substance,  easily  dissolving  in  water  to  a red 
liquid,  which  is  decomposed  at  about  90°  F.,  evolving  oxygen,  and  depositing 
manganese  dioxide. 

Potassium  permanganate , K„Mno03,  forms  rhombic  prisms  isomor- 
phous with  the  perchlorate,  KC104,  on  which  account  it  is  sometimes 
written  KMn04.  It  dissolves  in  16  parts  of  cold  water,  forming  a 
purple  solution,  which  becomes  green  K2Mn04  by  contact  with  many 
substances  capable  of  taking  up  oxygen.  When  crystallised  perman- 
ganate is  heated  to  240°  C.  it  gives  manganate — 

K,Mn,Og  = K,Mn04  + Mn02  + 02. 

It  is  largely  used  in  many  chemical  operations.  In  order  to  prepare 
it,  4 parts  of  finely  powdered  manganese  dioxide  are  intimately  mixed 
with  3^  parts  of  potassium  chlorate,  and  5 parts  of  potassium  hydrate 
dissolved  in  a very  little  water.  The  pasty  mass  is  dried,  and  heated 
to  dull  redness  for  some  time  in  an  iron  tray  or  earthen  crucible.  The 
potassium  chlorate  imparts  the  required  oxygen.  On  treating  the  cold 
mass  with  water,  potassium  manganate  is  dissolved,  forming  a dark  green 
solution.  This  is  diluted  with  water,  and  a stream  of  carbonic  acid 
gas  passed  through  it  as  long  as  any  change  of  colour  is  observed; 
3K2Mn04  + 2 CO,  = K2Mn208  + Mn02  + 2K2C03.  The  precipitated  MnO, 
is  allowed  to  settle,  and  the  clear  red  solution  poured  off  and  evaporated 
to  a small  bulk.  On  cooling,  it  deposits  prismatic  crystals  of  the  per- 
manganate (K2Mn,0,),  which  are  red  by  transmitted  light,  but  reflect  a 
dark  green  colour.  The  potassium  carbonate,  being  much  more  soluble 
in  water,  is  left  in  the  solution.  Potassium  permanganate  is  remarkable 
for  its  great  colouring  power,  a very  small  quantity  of  the  salt  pro- 
ducing an  intense  purplisli-red  colour  in  a large  quantity  of  water.  Its 
solution  in  water  is  very  easily  decomposed  and  bleached  by  substan  ces 
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having  an  attraction  for  oxygen,  such  as  sulphurous  acid  or  a ferrous 
salt,  "if  a very  small  piece  of  iron  wire  be  dissolved  in  diluted  sul- 
phuric acid,  the  solution  of  ferrous  sulphate  so  produced  will  decolorise 
a large  volume  of  weak  solution  of  the  permanganate,  being  converted 
into  ferric  sulphate — 

K,Mn.,Os  + ioFeS04  -f-  8H,S0,  = K..SO,  + 2MnS04  + sFe,(SO.,)3  + SH.,0. 

This  decomposition  forms  the  basis  of  a valuable  method  for  deter- 
mining the  proportion  of  iron  in  its  ores. 

Many  organic  substances  are  easily  oxidised  by  potassium  perman- 
ganate,' and  this  is  the  case  especially  with  the  offensive  emanations 
from  putrescent  organic  matter.  Hence  it  is  extensively  used,  under 
the  name  of  Concly’s  red  disinfecting  fluid,  in  cases  where  a solid  or 
liquid  substance  is  to  be  deodorised. 

An  alkaline  solution  of  the  permanganate  is  sometimes  used  as  an 
oxidising  agent,  since  it  parts  with  oxygen  when  boiled,  becoming  green 
from  the  production  of  manganate — 

K,Mn.,08  + 2KHO  = 2K„Mn04  + H,0  + 0. 

Sodium  permanganate,  Na,Mn,Os,  is  often  used  as  a disinfectant,  being 
cheaper  than  the  potassium  salt.  It  is  made  by  heating  Mn02  with 
ISTallO,  in  a flat  vessel,  exposed  to  air,  for  48  hours,  to  dull  redness ; the 
mass  is  boiled  with  water  to  convert  the  manganate  into  perman- 
ganate ] 3Na.,Mn04  + 2TI20  = Ha2Mn208  + Mn02  + 4NaH0. 

232.  Chlorides  of  manganese. — There  appear  to  be  three  compounds 
of  manganese  with  chlorine,  corresponding  to  three  of  the  oxides,  viz., 
MnCl„  Mn2Cl6,  and  MnCl, ; but  only  the  first  is  obtainable  in  the  pure 
state,  the  others  forming  solutions  which  are  easily  decomposed  with 
evolution  of  chlorine. 

By  dissolving  potassium  permanganate  in  oil  of  vitriol,  and  adding  fragments 
of  fused  sodium  chloride,  a remarkable  greenish-yellow  gas  is  obtained,  which 
gives  purple  fumes  with  moist  air,  and  is  decomposed  by  water,  yielding  a red 
solution  which  contains  hydrochloric  and  permanganic  acids.  It,  therefore, 
must  contain  manganese  and  chlorine,  and  is  sometimes  regarded  as  the  per- 
chloride  (MnCl.) ; but  it  is  more  probably  an  oxychloride  of  manganese  (see 
Ohlorochromic  add).  Care  is  required  in  its  preparation,  which  is  sometimes 
attended  with  explosion. 

The  manganous  chloride  (MnCl,,)  is  obtained  in  large  quantity  as  a waste  pro- 
duct in  the  preparation  of  chlorine  for  the  manufacture  of  bleaching-powder. 
Since  there  is  no  useful  application  for  it,  the  manufacturer  sometimes  reconverts 
it  into  the  black  oxide.  As  the  native  binoxide  always  contains  iron,  the  liquor 
obtained  by  treating  it  with  hydrochloric  acid  contains  ferric  chloride  (Fe2Cl6) 
mixed  with  chloride  of  manganese  (MnCl2).  In  order  to  separate  the  iron, 
advantage  is  taken  of  the  circumstance  that  sesquioxides  are  weaker  bases 
than  the  protoxides,  so  that  if  a small  proportion  of  lime  or  chalk  be  added  to 
the  solution,  the  iron  may  be  precipitated  as  ferric  oxide,  without  decomposing 
the  chloride  of  manganese;  F e2ClG  + 3CaO  = Fe203 -}- 3CaCl2. 

After  separating  the  Fe„03,  an  excess  of  lime  is  added  and  air  blown  through 
the  mixture  at  about  150°  F.,  when  the  white  precipitate  of  MnO,  formed  at  first, 
absorbs  the  oxygen,  and  becomes  a black  compound  of  MnO„  with  lime,  which  is 
used  over  again  for  the  preparation  of  chlorine.  Unless  the  lime  is  added  in 
excess,  only  Mn0.Mn02  is  formed,  so  that  the  excess  of  lime  displaces  the  MnO 
and  allows  it  to  be  converted  into  Mn02.  In  another  process  Weldon  employs 
magnesia  instead  of  lime,  with  the  view  of  afterwards  recovering  the  chlorine 
from  the  chloride  of  magnesium,  in  the  form  of  hydrochloric  acid  (see  p.  289), 
and  using  the  magnesia  over  again. 

Manganous  sulphate,  MnS04.H.,0.6Aq,  isomorphous  with  green  vitriol,  forms 
faint  pink  crystals  easily  soluble  in  water.  It  is  prepared  by  adding  strong  sul- 
phuric acid  to  manganese  dioxide,  heating  the  paste  to  redness  to  decompose 
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any  ferric  sulphate,  extracting  with  water,  precipitating  the  last  traces  of  iron 
by  adding  manganous  carbonate,  filtering,  and  crystallising.  Manganous  sulphate 
is  employed  by  the  dyer  and  calico-printer  in  the  production  of  black  and  brown 
colours.  Crystals  have  been  obtained  of  MnS04.H20.4Aq. 

Manganous  sulphide,  MnS,  occurs  as  manganese  blende  in  steel-grey  masses.  It 
may  be  obtained  as  a greenish  powder  by  heating  any  of  the  oxides  of  manganese 
in  a current  of  H2S.  When  precipitated  by  alkaline  sulphides  from  manganese 
salts,  it  has  a pink  colour  and  contains  water.  When  the  pink  precipitate  is 
boiled  with  an  excess  of  alkaline  sulphide,  it  becomes  a green  crystalline  powder, 
3MnS.H20.  The  manganous  sulphide  has  a tendency  to  form  soluble  compounds 
with  the" alkaline  sulphides,  so  that  a solution  of  manganese  often  requires  boiling 
with  ammonium  sulphide  before  a precipitate  is  formed.  Manganous  sulphide 
dissolves  easily  in  dilute  HC1. 

Manganese  disulphide,  MnS2,  is  found,  in  crystals  belonging  to  the  regular 
system,  as  Hauer  it e,  in  Hungary. 

Manganese,  though  more  nearly  allied  to  iron  than  to  any  other 
metal,  is  parted  from  it  by  the  greater  stability  of  the  manganous  salts, 
which  are  less  easily  oxidised  than  the  ferrous  salts,  as  well  as  by  the 
far  greater  stability  of  the  manganates  and  by  the  existence  of  perman- 
ganates which  have  no  parallel  in  the  iron  series. 

CHROMIUM. 

Cr  = 52>5  parts  by  weight. 

233.  This  metal  derives  its  name  from  ypwpa,  colour,  in  allusion  to 
the  varied  colours  of  its  compounds,  upon  which  their  uses  in  the  arts 
chiefly  depend.  It  is  comparatively  seldom  met  with,  its  principal  ore 
being  the  chrome-iron  ore  (Fe0.Cr203),  which  is  remarkable  for  its  re- 
sistance to  the  action  of  acids  and  other  chemical  agents.*  It  is  chiefly 
found  in  the  Shetland  Islands,  Sweden,  Russia,  Hungary,  and  the^ 
United  States,  and  is  imported  for  the  manufacture  of  bichromate  of 
potash  (K,0-2Cr03),  which  is  one  of  the  chief  commercial  compounds  of 
chromium.  The  ore  is  first  heated  to  redness  and  thrown  into  water, 
in  order  that  it  may  be  easily  ground  to  a fine  powder,  which  is  mixed 
with  carbonate  of  potash,  chalk  being  added  to  prevent  the  fusion  of 
the  mass,  and  strongly  heated  in  a current  of  air  on  the  hearth  of  a 
reverberatory  furnace,  the  mass  being  occasionally  stirred  to  expose 
a fresh  surface  to  the  air.  t The  ferrous  oxide  is  thus  converted  into 
ferric  oxide,  and  the  oxide  of  chromium  (Cr203)  into  potassium  chromate 
(K2Cr04);  2(Fe0.Cr203l  + 4K2C03  + Or  = Fe203  + 4K2Cr04  + 4C02.  Nitre 
is  sometimes  added  to  hasten  the  oxidation.  On  treating  the  mass  with 
water,  a yellow  solution  of  potassium  chromate  is  obtained,  which  is 
drawn  off  from  the  insoluble  residue  of  ferric  oxide  and  lime,  and  mixed 
with  a slight  excess  of  nitric  acid — 

2(K2Cr04)  + 2HN03  = K2Cr207  + 2KN03  + H20. 

The  solution,  when  evaporated,  deposits  beautiful  red  tabular  crystals 
of  bichromate  of  potash  (potassium  dichromate)  which  dissolve  in 
10  parts  of  cold  water,  forming  an  acid  solution.  It  is  from  this  salt 
that  the  other  compounds  of  chromium  are  immediately  derived. 

Metallic  chromium  has  received  no  useful  application.  It  is  obtained 
by  reducing  chromic  chloride  with  zinc  at  a high  tempeiatuie,  and  le 
moving  the  excess  of  zinc  with  dilute  nitric  acid.  It  has  a grey  colour, 
is  about  as  heavy  as  iron  (sp.  gr.  7.3),  is  extremely  hard,  and  less  fusible 

* There  appear  to  be  four  types  of  chrome-iron  ore,  viz.,  Fe0.Cr203,  2Fe0.Cr203, 
3FeO.2Cr.jO3,  and  2Fe0.3Cra03. 
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than  platinum.  It  resembles  aluminium  in  not  being  acted  on  by  nitric 
acid,  but  HC1  dissolves  it,  yielding  chromous  chloride,  CrCl2,  a property 
which  connects  chromium  with  iron.  Chromium,  like  aluminium,  is 
attacked  by  the  alkaline  hydrates  at  high  temperatures,  evolving  hydro- 
gen and  producing  chromates.  By  the  action  of  sodium  on  chromic 
chloride,  the  metal  has  been  obtained  in  octahedral  crystals,  which  are 
not  dissolved  by  nitrohydrochloric  acid. 

234.  Oxides  of  chromium. — Three  oxides  of  chromium  are  known 
in  the  separate  state — chromic  oxide,  Cr„03,  chromium  dioxide,  Cr02,  and 
chromic  anhydride,  Cr03.  Monoxide  of  chromium  or  chromous  oxide  (CrO) 
is  known  in  the  hydrated  state,  and  per  chromic  acid  (IT2Cr„0?)  is  believed 
to  exist  in  solution.  The  chromous  salts  correspond  to  the  ferrous  salts, 
but  are  much  more  susceptible  of  oxidation. 

Chromic  anhydride  (often  called  chromic  acid),  the  most  important  of 
these,  is  obtained  by  adding  to  one  measure  of  a solution  of  potassium 
dichromate,  saturated  at  130°  F.,  one  measure  and  a half  of  concen- 
trated sulphuric  acid,  by  small  portions  at  a time,  and  allowing  the 
solution  to  cool,  when  chromic  anhydride  crystallises  out  in  fine  crimson 
needles,  which  are  deliquescent,  very  soluble  in  water,  fusing  easily, 
and  decomposed  at  250°  C.  into  oxygen  and  chromic  oxide.  Chromic 
anhydride  is  a powerful  oxidising  agent ; most  organic  substances,  even 
paper,  will  reduce  it  to  the  green  chromic  oxide.  A mixture  of  potassium 
dichromate  and  sulphuric  acid  is  employed  for  bleaching  some  oils,  the 
colouring  matter  being  oxidised  at  the  expense  of  the  chromic  acid,  and 
chromic  sulphate  produced — 

K2Cr20.  + 4H2S04  = K..SO,,  + Cr2(S04)3  + 03  + 4H20. 

The  dichromate  itself  evolves  oxygen  when  heated  to  bright  red- 
ness, being  first  fused,  and  afterwards  decomposed;  2K2Cr207  = 
2K2G'r04  + Cr.,03  + 03.  Heated  with  strong  HC1,  it  evolves  Cl ; 
K2Cr207  + 14HCI  = 2KCI  + Cr3Cl6  + 7H20  + Cl6.  The  oxidising  effect 
of  the  potassium  dichromate,  under  the  action  of  light,  upon  gelatin 
and  albumen,  receives  very  important  applications  in  photography. 

Sodium  dichromate,  Na,Cr„07,  is  much  more  soluble  than  the  potas- 
sium salt,  requiring  only  an  equal  weight  of  water ; it  is  now  often 
substituted  for  potassium  dichromate. 

Chromic  acid,  H„Cr04,  is  not  known  in  the  pure  form.  Its  salts, 
the  chromates,  are  isomorphous  with  the  sulphates. 

Chromate  of  potash,  or  normal  potassium  chromate  (K20.Cr03  or 
K2Cr04),  is  formed  by  adding  potassium  carbonate  to  the  red  solution 
of  potassium  dichromate  until  its  red  colour  is  changed  to  a fine  yellow, 
when  it  is  evaporated  and  allowed  to  crystallise.  It  forms  yellow 
prismatic  crystals,  having  the  same  form  as  those  of  potassium  sul- 
phate, and  is  five  times  as  soluble  in  water  as  the  dichromate,  yielding 
an  alkaline  solution,  which  is  partly  decomposed  by  evaporation,  with 
formation  of  the  dichromate.  Acids,  even  carbonic,  change  its  solution 
from  yellow  to  red,  from  production  of  dichromate.  It  becomes  red 
when  heated,  and  yellow  again  on  cooling,  and  fuses  wfithout  decompo- 
sition. Pptassium  chromate  has  been  found  in  some  yellow  samples 
of  saltpetre  from  Chili.  Ho  compound  corresponding  to  KHS04  is 
known. 

Trichromate  of  potash  (K„0.3Cr03)  has  been  obtained  in  red  crystals 
by  adding  nitric  acid  to  the  dichromate. 
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It  will  be  observed  that  the  chromates  of  potassium  are  rather  ex- 
ceptional salts.  The  yellow  or  normal  chromate,  K2Cr04,  is  formed  upon 
the  model  of  imaginary  chromic  acid,  H,Cr04.  The  red  chromate,  or 
potassium  dichromate,  is  not  a true  acid  salt,  for  it  contains  no  hydi'ogen ; 
it  is  sometimes  called  anhydro-chromate,  and  written  K2Cr04.Cr0s.  The 
trichromate  would  be  K2Cr04.2C!r03. 

Barium  chromate,  BaOr04,  is  used  in  painting,  as  yellow  ultramarine, 
being  precipitated  by  potassium  chromate  from  barium  chloride ; it  is 
insoluble  in  acetic  acid. 

Chrome-yellow  is  the  chromate  of  lead  (PbCrOJ,  prepared  by  mixing 
dilute  solutions  of  lead,  acetate  and  potassium  chromate.  The  pre- 
cipitate is  insoluble  in  acetic  acid.  It  is  largely  used  in  painting  and 
calico-printing,  and  by  the  chemist  as  a source  of  oxygen  for  the  analy- 
sis of  organic  substances,  since,  when  heated,  it  fuses  to  a brown  mass, 
which  evolves  oxygen  at  a red  heat.  Chrome-yellow  being  a poisonous 
salt,  its  occasional  use  for  colouring  confectionery  is  very  objectionable. 
Chromate  of  lead  in  prismatic  crystals  forms  the  rather  rare  red  lead 
ore  of  Siberia,  in  which  chromium  was  first  discovered. 

Orange  chrome  is  a basic  chromate  of  lead  (PbCr04.PbO),  and  may  be 
obtained  by  boiling  the  yellow  chromate  with  lime  ; 2(PbCr04)  + CaO  = 
PbCr04.PbO  + CaCr04.  The  calico-printer  dyes  the  stuff  with  yellow 
chromate  of  lead,  and  converts  it  into  orange  chromate  by  a bath  of 
lime-water.  Chrome-orange  is  also  made  by  precipitating  a lead  salt 
with  a weak  alkaline  solution  of  potassium  chromate,  which  gives  a 
mixture  of  the  two  chromates  of  lead. 

Silver  chromate,  Ag„Cr04,  is  obtained  as  a red  crystalline  precipitate 
when  silver  nitrate  is  added  to  potassium  chromate. 

When  potassium  dichromate  is  added  gradually  to  silver  nitrate,  a 
scarlet  precipitate  of  silver  dichromate,  Ag2Cr207,  is  obtained ; and  if 
this  be  boiled  with  water,  it  leaves  Ag2Cr04  in  dark  green  crystals,, 
which  become  red  when  powdered. 

The  colour  of  the  ruby  (crystallised  alumina)  appears  to  be  due  to  the 
presence  of  a small  proportion  of  chromic  anhydride. 

Sesquioxide  of  chromium,  or  chromic  oxide  (Cr203),  is  valuable  as  a green 
colour,  especially  for  glass  and  porcelain,  since  it  is  not  decomposed  by 
heat.  Being  extremely  hard,  it  is  used  in  making  razor-strops.  It  is 
prepared  by  heating  potassium  dichromate  with  one-fourth  of  its  weight- 
of  starch,  the  carbon  of  which  removes  oxygen,  leaving  a mixture  of 
chromic  oxide  with  potassium  carbonate,  which  may  be  removed  by 
washing  with  water.  If  sulphur  be  substituted  for  the  starch,  potas- 
sium sulphate  will  be  formed,  which  may  also  be  removed  by  water. 
When  chromic  oxide  is  strongly  heated,  it  exhibits  a sudden  glow, 
becomes  darker  in  colour,  and  insoluble  in  acids  which  previously 
dissolved  it  easily;  in  this  respect  it  resembles  alumina  and  ferric 
oxide.  Like  these  oxides,  the  chromic  oxide  is  a feeble  base ; it  is 
remarkable  for  forming  two  classes  of  salts,  having  the  same  composi- 
tion, but  differing  in  the  colour  of  their  solutions,  and  in  some,  other 
properties  Thus,  there  are  two  modifications  of  the  chromic  sul- 
phate— the  green  sulphate,  Cr2(S04)3.5Aq,  and  the  violet  sulphate, 
Cr„(SO  V.isAq.  The  solution  of  the  latter  becomes  green  when  boiled, 
beino-  converted  into  the  former.  Chrome  alum  forms  dark  purple 
octahedra  (KCr'"(S04),.i2Aq)  which  contain  the  violet  modification 
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of  the  sulphate ; and  if  its  solution  in  water  be  boiled,  its  purple  colour 
changes  to  green,  and  the  solution  refuses  to  crystallise.  It  is  ob- 
tained as  a secondary  product  in  certain  chemical  manufactures,  and 
may  be  prepared  by  the  action  of  sulphurous  acid  gas  on  a mixture  of 
potassium  dichromate  and  sulphuric  acid;  K2Cr20.  + H,SO^  + 3S02  = 
2KCr(S04)„  + 11,0  * The  anhydrous  chromic  sulphate  forms  red 
crystals,  which  are  insoluble  in  water  and  acids.  A green  basic  chromic 
borate  is  used  in  painting  and  calico-printing,  under  the  name  of  vert 
cle  Guignet,  and  is  prepared  by  strongly  heating  potassium  dichromate 
with  3 parts  of  crystallised  boric  acid,  when  potassium  borate  and 
chromic  borate  are  formed,  oxygen  being  expelled.  The  potassium 
borate  and  the  excess  of  B,03  are  afterwards  washed  out  by  water. 
Cr„03  combines  with  the  oxides  of  the  magnesium  group  of  metals  to 
form  very  insoluble  and  infusible  compounds,  crystallising  in  octahedra, 
e.g.,  Zn0.Cr203,  Mn0.Cr203,  Fe0.Cr,03. 

Chromic  hydrate , Cr2(HO)6,  is  thrown  down  by  alkalies  from  solu- 
tions of  chromic  salts,  such  as  chrome  alum,  as  a greenish-blue  pre- 
cipitate. It  dissolves  sparingly  in  ammonia  to  a pink  solution,  from 
which  chromic  oxide  is  precipitated  by  boiling.  Potash  dissolves  it  to 
a fine  green  solution  which  becomes  gelatinous  when  boiled,  from  pre- 
cipitation of  chromic  oxide. 

Chromium  dioxide , CTO,. — When  potassium  dichromate  is  reduced 
by  nitric  oxide  or  sodium  tlxiosulphate,  a brown  precipitate  is  obtained  ; 
tliis  is  a compound  of  Avater  with  Cr02,  which  is  left,  on  heating  to 
250°  C.,  as  a black  powder  which  evolves  oxygen  at  300°  C.,  becoming 

Cr2°3. 

Chromous  oxide  (CrO)  is  not  known  in  the  pure  state,  but  is  precipi- 
tated as  a brown  hydrate  Avhen  chromous  chloride  is  decomposed  by 
potash.  It  absorbs  oxygen  even  more  readily  than  ferrous  oxide,  be- 
coming converted  into  Cr0.Cr208,  corresponding  in  composition  to  the 
magnetic  oxide  of  ii’on.  Chromous  oxide  is  a feeble  base ; a double 
sulphate,  K2Cr"(SO,)2.6Aq,  is  known,  which  has  the  same  crystalline 
form  as  the  coiTesponding  ii-on  salt,  K,Fe"(S0J)J.6Aq ; it  has  a blue 
colour,  and  gives  a blue  solution,  which  becomes  green  when  exposed  to 
air,  from  the  formation  of  chromic  oxide. 

Per  chromic  add  (H2Cr208)  is  believed  to  exist  in  the  blue  solution 
obtained  by  the  action  of  hydric  peroxide  upon  solution  of  chromic 
acid,  but  neither  the  acid  nor  its  salts  have  been  obtained  in  a separate 
state  (see  p.  56). 

235.  Chlorides  op  chromium. — The  chromic  chloride  (Cr,Cl6)  obtained  bypassing 
dry  chlorine  over  a mixture  of  chromic  oxide  with  charcoal,  heated  to  redness  in 
a glass  tube,  is  converted  into  vapour,  and  condenses  upon  the  cooler  part  of  the 
tube  in  shining  leaflets  having  a fine  violet  colour.  When  heated  in  air,  it  is 
decomposed,  evolving  Cl,  and  leaving  Cr203.  Very  soluble  green  crystals  of 
Cr2Cl6.X2Aq  may  be  obtained,  but  the  water  cannot  be  expelled  without  decom- 
posing the  chloride.  Cold  water  does  not  affect  Cr2Cl6,  but  boiling  water  slowly 
dissolves  it  to  a green  solution  resembling  that  obtained  by  dissolving  chromic 
oxide  in  hydrochloric  acid. 

Chromous  chloride  (CrCl2)  results  from  the  action  of  hydrogen,  at  a red  heat, 
upon  chromic  chloiide.  Strange  to  say,  it  is  white,  and  dissolves  in  water  to  form 
a blue  solution,  which  absorbs  oxygen  from  the  air,  becoming  green.  It  is 
remarkable  that  if  the  violet  chromic  chloride  is  suspended  in  Avater,  and  a minute 
quantity  of  chromous  chloride  added,  the  former  immediately  dissolves  to  a green 

5 Exposure  to  cold,  it  is  said,  again  converts  it  into  the  crystallisablo  violet  form. 
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solution,  evolving  heat.  CrCl2  is  also  formed  when  chromium  is  dissolved  in  HC1. 
A solution  of  chromic  chloride  or  sulphate,  mixed  with  HC1,  is  reduced  to  chromous 
chloride  by  metallic  zinc,  the  liquid  becoming  greenish  blue  and  giving  a pink 
precipitate  of  chromous  acetate  on  addition  of  ammonium  acetate,  becoming  blue 
when  shaken  with  air.  Chromous  chloride  resembles  ferrous  chloride  in  absorb- 
ing NO  to  form  a brown  compound. 

Chromyle  chloride,  CrO.,Cl„  (.—  2 vols.),  or  chromic  oxychloride,  formerly  called 
clilorochromic  acid,  bears  "the  same  relation  to  Cr03  as  sulphuryle  chloride,  SO„Cl„, 
does  to  S03.  It  is  a very  remarkable  brown-red  liquid,  obtained  by  distilling 
10  parts  of  common  salt  and  17  of  potassium  dichromate  previously  fused  together 
and  broken  into  fragments,  with  40  parts  of  oil  of  vitriol — 

K2Cr207  + 4NaCl  + 3H2S04  = K2S04  + 2Na2S04  + 3H20  + 2Cr02Cl2. 

It  much  resembles  bromine  in  appearance,  and  fumes  very  strongly  in  air,  the 
moisture  of  which  decomposes  its  red  vapour,  forming  chromic  and  hydrochloric 
acids;  Cr02Cl2+2H20  = H„Cr04  + 2HCl.  Its  sp.  gr.  is  1.92,  and  it  boils  at  118°  C. 
It  is  a very  powerful  oxidising  and  chlorinating  agent,  and  inflames  ammonia  and 
alcohol  when  brought  in  contact  with  them. 

It  is  occasionally  used  to  illustrate  the  nature  of  illuminating  flames ; for  if 
hydrogen  be  passed  through  a bottle  containing  a few  drops  of  it,  the  gas  becomes 
charged  with  its  vapour,  and,  if  kindled,  burns  with  a brilliant  white  flame,  which 
deposits  a beautiful  green  film  of  chromic  oxide  upon  a cold  surface.  When  heated, 
in  a sealed  tube,  to  190°  C.,  it  is  converted  into  a black  solid  body,  according 
to  the  equation  3Cr02Cl2=Cl4  + CrCl2.2Cr03.  When  potassium  dichromate  is 
gently  warmed  with  HOI,  the  solution  deposits  red  prisms  of  KClCr03,  formerly 
known  as  •potassium  chlorochr ornate,  which  may  be  regarded  as  Cr02Cl(K0),  being  de- 
rived from  the  at  present  unknown  Cr02Cl(H0),  corresponding  to  S02C1(H0). 

Chromyle  fluoride,  Cr02F2,  formerly  believed  to  be  chromic  fluoride  (CrF6),  is 
another  volatile  compound  of  chromium  obtained  by  distilling  lead  chromate  with 
fluor  spar  and  sulphuric  acid ; it  is  a red  gas,  condensible  to  a red  liquid  at  a low 
temperature.  Water  decomposes  it,  yielding  chromic  and  hydrofluoric  acids. 

Chromic  sulphide  (Cr2S3)  is  formed  when  vapour  of  carbon  disulphide  is  passed 
over  chromic  oxide  heated  to  redness.  It  forms  black  lustrous  scales  resembling 
graphite. 

By  fusing  chromic  hydrate  with  sodium  carbonate  and  sulphur,  sodium  sidplio- 
cliromite,  Na2Cr2S4,  is  obtained,  as  a dark  red  body  insoluble  in  water,  and  not 
easily  attacked  by  hydrochloric  or  sulphuric  acid.  Sulphochromites  of  other 
metals  have  also  been  obtained. 

Chromium  nitride,  CrN,  has  been  obtained  by  heating  chromium  to  redness  in 
nitrogen. 

Chromium  is  nearly  allied  to  iron  by  its  property  of  forming 
chromous  and  chromic  salts,  and  to  manganese  through  the  chromates 
which  correspond  and  are  isomorphous  with  the  manganates,  and  rival 
them  in  colour. 

236.  General  review  of  iron,  cohalt,  nickel,  manganese,  and  chromium. 
— Many  points  of  resemblance  will  have  been  noticed  in  the  chemical 
history  of  these  metals.  They  are  all  capable  of  decomposing  water  at 
a red  heat,  and  easily  displace  hydrogen  from  hydrochloric  acid.  Each 
of  them  forms  a base  by  combining  with  one  atom  of  oxygen,  and  these 
oxides  produce  salts  which  have  the  same  crystalline  form.  All  these 
oxides,  except  that  of  nickel,  easily  absorb  oxygen  from  the  air,  and 
are  converted  into  sesquioxides.  The  sesquioxide  of  nickel  is  an  indif- 
ferent oxide,  while  that  of  cobalt  is  very  feebly  basic ; the  sesquioxide 
of  manganese  is  a stronger  base,  and  the  basic  properties  of  the  sesqui- 
oxides of  chromium  and  iron  are  very  decided.  Nickel  does  not  exhibit 
any  tendency  to  form  a well-marked  acid  oxide,  but  the  existence  of  an 
acid  oxide  of  cobalt  is  suspected ; and  iron,  manganese,  and  chromium 
form  undoubted  acid  oxides  with  three  atoms  of  oxygen.  Nickel  is  only 
known  to  form  one  compound  with  chlorine ; cobalt  and  manganese 
form,  in  addition  to  their  protochlorides,  very  unstable  perchlorides 
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known  only  in  solution,  but  iron  and  chromium  form  very  stable 
volatile  perchlorides.  The  metals  composing  this  group  are  all  diatomic,* 
and  are  found  associated  in  natural  minerals ; this  is  especially  the  case 
with  iron,  manganese,  cobalt,  and  nickel.  They  are  all  attracted  by 
the  magnet,  and  require  a very  high  temperature  for  their  fusion. 
Iron  and  chromium  connect  this  group  with  aluminium,  their  sesqui- 
oxides  being  isomorphous  with  alumina,  and  their  perchlorides  volatile 
like  aluminium  chloride. 

237.  Molybdenum  (Mo  = 96)  derives  its  name  from  ixoXvfioaiva,  lead,  on  account 
of  the  resemblance  of  its  chief  ore,  molybdena,  to  black  lead.  Molybdena,  or 
molybdenum,  glance,  is  the  molybdenum  disulphide  (MoS„),  and  is  found  chiefly  in 
Bohemia  and  Sweden ; it  may  be  recognised  by  its  remarkable  similarity  to 
plumbago,  and  by  its  giving  a blue  solution  when  boiled  with  strong  sulphuric 
acid.  It  is  chiefly  employed  for  the  preparation  of  ammonium  molybdate,  which 
is  used  in  testing  for  phosphoric  acid.  For  this  purpose  the  disulphide  is  roasted 
in  air  at  a dull  red  heat,  when  S02  is  evolved,  and  molybdic  anhydride  (Mo03) 
mixed  with  oxide  of  iron  is  left.  The  residue  is  digested  with  strong  ammonia, 
which  dissolves  the  former  as  ammonium  molybdate,  obtainable  in  prismatic 
crystals  (NH.,HMo04)  on  evaporation.  When  a solution  of  ammonium  molybdate 
is  added  to  a phosphate  dissolved  in  diluted  nitric  acid,  a yellow  precipitate  of 
ammonium  phosphomolybdate  is  produced,  which  contains  molybdic  and  phosphoric 
acids  combined  with  ammonia,  by  the  formation  of  which  very  minute  quantities 
of  phosphoric  acid  can  be  detected.  If  hydrochloric  acid  be  added  in  small 
quantity  to  a strong  solution  of  molybdate  of  ammonium,  the  molybdic  acid  is 
precipitated,  but  it  is  dissolved  by  an  excess  of  hydrochloric  acid,  and  if  the 
solution  be  dialysed,  the  molybdic  acid  is  obtained  in  the  form  of  an  aqueous 
solution  which  reddens  blue  litmus,  has  an  astringent  taste,  and  leaves  a soluble 
gum-like  residue  when  evaporated.  Molybdic  anhydride  fuses  at  a red  heat  to  a 
yellow  glass,  and  may  be  sublimed  in  a current  of  air  in  shining  needles.  In 
contact  with  diluted  hydrochloric  acid  and  metallic  zinc,  it  is  converted  into  a 
blue  compound  of  the  composition  Mo02.4MoO,,  which  is  soluble  in  water,  but 
is  precipitated  on  adding  a saline  solution.  Molybdate  of  lead  (PbMoO,,)  is  found 
as  a yellow  crystalline  mineral.  The  molybdic  oxide  (MoO„)  is  basic,  and  forms 
dark  red-brown  salts.  Molybdous  oxide  (MoO)  is  obtained  by  adding  an  alkali  to 
the  solution  resulting  from  the  prolonged  action  of  zinc  upon  a hydrochloric 
solution  of  molybdic  acid.  It  is  a basic  oxide  which  absorbs  oxygen  from  the  air. 

Metallic  molybdenum  is  obtained  by  reducing  molybdic  anhydride  with  charcoal 
at  a white  heat,  as  a white  metal,  fusible  with  difficulty,  unacted  upon  by  hydro- 
chloric and  diluted  sulphuric  acids,  but  converted  into  molybdic  acid  by  boiling 
with  nitric  acid.  It  is  rather  a light  metal,  its  specific  gravity  being  8.62.  When 
heated  in  chlorine  it  yields  molybdenum  tetrachloride  (Mod,),  which  forms  a red 
vapour,  and  condenses  in  crystals  resembling  iodine,  soluble  in  water.  A di- 
chloride (MoCl2)  and  pentachloride  (MoCL)  are  also  known.  The  tri-sulphide  (MoS3) 
and  tetrasulphide  (MoSJ  of  molybdenum  are  soluble  in  alkaline  sulphides. 

In  addition  to  the  natural  sources  of  molybdenum  above  mentioned,  there  may 
be  noticed  molybdic  ochre  (air  impure  molybdic  anhydride),  and  the  difficultly 
fusible  masses  called  bear,  from  the  copper  works  in  Saxony,  which  contain  a 
large  amount  of  molybdenum  combined  with  iron,  copper,  cobalt,  and  nickel. 
Molybdenum  has  been  detected  in  the  mud  deposited  by  the  Buxton  thermal 
water. 

238.  A ANADirntf  (V=5i-3)  was  originally  discovered  in  certain  Swedish  iron 
ores,  but  its  chief  ore  is  the  vanadate  of  lead,  which  is  found  in  Scotland,  Mexico, 
and  Chili.  Vanadic  acid  has  also  been  found  in  some  clays,  in  the  cupriferous 
sandstone  at  Perm  in  Russia,  and  Alderley  Edge  in  Cheshire.  • By  treating  the 
vanadate  of  lead  with  nitric  acid,  expelling  the  excess  of  acid  by  evaporation,  and 
washing  out  the  lead  nitrate  with  water,  impure  vanadic  anhydride  (V205)  is 
obtained,  which  may  be  purified  by  dissolving  in  ammonia,  crystallising0  the 
vanadate  of  ammonium,  and  decomposing  it  by  heat,  when  vanadic  anhydride  is 
left  as  a reddish-yellow  fusible  solid  which  crystallises  on  cooling,  and  dissolves 

* Chromium,  like  iron,  is  triatomic  in  the  sesquioxides  and  tho  compounds  derived  from 
it,  and  in  chromic  acid  it  must  be  regarded  as  liexatomie. 

t Vanadis,  a Scandinavian  deity. 
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sparingly  in  water,  giving  a yellow  solution.  It  dissolves  in  hydrochloric  acid, 
and  if  the  solution  be  treated  with  a reducing  agent  (such  as  hydrosulphuric  acid) 
it  assumes  a fine  blue  colour.  If  a solution  of  ammonium  vanadate  be  mixed 
with  tincture  of  galls,  it  gives  an  intensely  black  fluid,  which  forms  an  excellent 
ink,  for  it  is  not  bleached  by  acids  (which  turn  it  blue),  alkalies,  or  chlorine. 

Vanadium  itself  has  been  obtained  by  heating  its  chloride  in  hydrogen,  as  a 
silvery  white  metal.  Berzelius  endeavoured  to  procure  it  by  heating  vanadic  acid 
with  potassium,  but  Boscoe,  who  has  carefully  investigated  the  vanadium  com- 
pounds, has  shown  that  the  apparently  metallic  powder  thus  obtained  is  really  an 
oxide  (V.,02). 

239.  The  oxides  of  vanadium  correspond  in  composition  to  those  of  nitrogen. 
V202  is  a basic  oxide  forming  salts  which  give  lavender-coloured  solutions  ; these 
absorb  oxygen  rapidly  from  the  air,  and  act  as  powerful  reducing  agents.  V203 
is  a black  crystalline  body  resembling  plumbago,  and  capable  of  conducting  elec- 
tricity, obtained  by  heating  vanadic  anhydride  in  a current  of  hydrogen  ; it  is  a 
basic  oxide.  V204'is  produced  when  V203  is  heated  in  air  ; it  also  plays  the  part 
of  a base,  yielding  blue  salts.  Vanadic  anhydride,  V205,  forms  purple  and  green 
compounds  with  the  above  oxides.  Metavanadic  acid,  HV03,  crystallises  in  beau- 
tiful golden  scales.  The  yellow  fuming  liquid  formerly  called  chloride  of  vana- 
dium is  really  an  oxychloride,  V0C13.  The  oxychlorides,  V202C1,  V0C1,  and 
V0C1„,  have  also  been  obtained.  There  are  two  compounds  of  vanadium  with 
nitrogen,  VN  and  VN2.  It  will  be  remarked  that  the  composition  of  the  com- 
pounds of  vanadium  connects  this  metal  with  nitrogen,  phosphorus,  and  arsenic. 
Compounds  of  vanadium  are  now  used  for  blacks  in  calico-printing,  in  conjunc- 
tion with  chlorates  and  aniline  hydrochlorate.  The  slag  of  the  Creusot  steel 
works  is  now  the  chief  source  of  vanadic  acid,  of  which  it  contains  2 per  cent. 

BISMUTH. 

Bi"'  = 2io  parts  by  weight. 

240.  Bismuth,  though  useful  in  various  forms  of  combination,  is  too 
brittle  to  be  employed  in  the  pure  metallic  state.  It  is  readily  distin- 
guished from  other  metals  by  its  peculiar  reddish  lustre  and  its  highly 
crystalline  structure,  which  is  very  perceptible  upon  a freshly  broken 
surface  • large  cubical  (or,  strictly  speaking,  rhombokedral)  crystals  of 
bismuth  are  easily  obtained  by  melting  a few  ounces  in  a crucible,  allow- 
ing it  to  cool  till  a crust  has  formed  upon  the  surface,  and  pouring 
out  the  portion  which  has  not  yet  solidified,  when  the  crystals  are 
found  lining  the  interior  of  the  crucible.  It  is  isomorphous  with 
antimony.  It  is  somewhat  lighter  than  lead  (sp.  gr.  9.8),  and  volatilises 
more  readily  at  high  temperatures.  It  is  less  volatile  than  antimony, 
and  burns  like  it  in  air. 

Unlike  most  other  metals,  bismuth  is  found  chiefly  in  the  metallic 
state,  disseminated  in  veins,  through  gneiss  and  clay-slate.  The  chief 
supply  is  derived  from  the  mines  of  Schneeberg,  in  Saxony,  where  it  is 
associated  with  the  ores  of  cobalt.  Native  bismuth,  together  with  the 
oxides  and  sulphides,  is  found  abundantly  in  Bolivia,  accompanied  by 
tin-stone  and  sometimes  by  silver  and  gold ; and  the  metal,  the  car- 
bonate, and  the  sulphide  have  been  lately  found  in  France,  in  Colorado, 
and  in  Utah. 

In  order  to  extract  the  metal  from  the  masses  of  earthy  matter 
through  which  it  is  distributed,  advantage  is  taken  of  its  very  low 
fusing  point  (264°  C.).  The  ore  is  broken  into  small  pieces,  and  in- 
troduced into  iron  cylinders  which  are  fixed  in  an  inclined  position  over 
a furnace  (fig.  245).  The  upper  opening  of  the  cylinders,  through 
which  the  ore  is  introduced,  is  provided  with  an  iron  door,  and  the 
lower  opening  is  closed  with  a plate  of  firebrick  perforated  for  the 
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escape  of  the  metal,  which  flows  out,  when  the  cylinders  are  heated, 
into  iron  receiving  pots,  which  are  kept  hot  by  a charcoal  fire. 

Commei’cial  bismuth  generally  contains  considerable  quantities  of 
arsenic,  sulphur,  and  sil- 
ver; it  is  sometimes  cu- 
pelled in  the  same  manner 
as  lead,  in  order  to  extract 
the  silver,  the  oxide  of 
bismuth  being  afterwards 
again  reduced  to  the 
metallic  state  by  heating 
it  with  charcoal.  Pure 
bismuth  dissolves  entirely 
and  easily  in  diluted  nitric 
acid  (sp.  gr.  1.2);  but  if  it 
contains  arsenic,  a white  Fig.  245. — Extraction  of  bismuth, 

deposit  of  bismuth  arsenate 

is  obtained.  Hydrochloric  and  diluted  sulphuric  acids  will  not  act  upon 
bismuth. 

The  chief  use  of  bismuth  is  in  the  preparation  of  certain  alloys  with 
other  metals.  Some  kinds  of  type  metal  and  stereotype  metal  contain 
bismuth,  which  confers  upon  them  the  property  of  expanding  in  the 
mould  during  solidification,  so  that  they  are  forced  into  the  finest  lines 
of  the  impression. 

This  metal  is  also  remarkable  for  its  tendency  to  lower  the  fusing 
point  of  alloys,  which  cannot  be  accounted  for  merely  by  referring  to 
the  low  fusing  point  of  the  metal  itself.  Thus,  an  alloy  of  2 parts  bis- 
muth, 1 part  lead,  and  1 part  tin,  fuses  below  the  temperature  of  boiling 
water,  although  the  most  fusible  of  the  three  metals,  tin,  requires  a 
temperature  of  228°  C.  An  alloy  of  this  kind  is  used  for  soldering 
pewter.  Bismuth  is  also  employed,  together  with  antimony,  in  the 
construction  of  thermo-electric  piles. 

241.  Oxides  of  bismuth. — There  are  four  oxides,  Bi202,  Bi203,  Bi2Op  and  Bi2Os. 

Bismutlious  oxide  (Bi202)  is  obtained  as  a black  precipitate  when  bisnmthic 
chloride  mixed  with  stannous  chloride  is  added  to  excess  of  potash. 

(1)  2BiCl3  + SnCl2  = Bi.,Cl4  + SnCl4;  (2)  Bi2Cl4  + 4KH0=Bi202  + 4KCl  + 2H20. 

It  acts  as  a weak  base.  Exposed  to  air  when  moist,  it  becomes  Bi203.  Heat  has 
the  same  effect  on  the  dry  oxide. 

Bismuthic  oxide  (Bi203)  is  the  basic  and  most  important  oxide  of  the  metal.  It 
is  formed  when  bismuth  is  heated  in  air,  or  when  bismuth  nitrate  is  decomposed 
by  heat,  and  is  a yellow  powder  which  becomes  brown  when  heated,  and  fuses 
easily.  Bismuthic  oxide  forms  the  rare  mineral  bismuth-ochre.  Bi203  is  obtained 
in  fine  needles  by  precipitating  a boiling  solution  of  a bismuth  salt  with  potash. 

Bismuthic  anhydride  (Bi„Os)  is  formed  when  bismuthic  oxide  is  suspended  in  a 
strong  solution  of  potash  through  which  chlorine  is  passed,  when  a brown  sub- 
stance is  formed  which,  when  treated  with  warm  strong  nitric  acid,  yields  bis- 
muthic acid  (IIBi03)  as  a red  powder,  which  becomes  brown  at  120°  C.,  losing 
H.,0  and  becoming  Bi.,Os.  When  further  heated,  this  loses  O and  becomes  Bi204 
or  Bi203.Bi20j.  When  heated  with  acids  it  also  evolves  oxygen,  and  forms  salts  of 
bismuthic  oxide.  The  bismuthates  of  the  alkali  metals  are  very  unstable,  being 
decomposed  by  water. 

Bismuth  hydrate,  Bi(OH)3,  is  obtained  as  a white  precipitate  when  a caustic 
alkali  is  added  to  a bismuth  salt ; it  does  not  dissolve  in  excess  of  alkali.  Acted 
on  by  chlorine  in  the  alkaline  liquid,  it  becomes  dark  brown  bismuthic  hydrate  or 
acid. 

Bismuthic  acid,  HBi03,  is  formed  when  basic  bismuth  nitrate  is  fused  with 
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potash,  in  contact  with  air,  until  it  has  become  dark  brown.  On  dissolving  in 
dilute  nitric  acid,  HBi03  is  left  as  a red  powder.  The  bismutbates  of  the  alkali 
metals  are  very  unstable,  being  decomposed  by  water.  Pyrohsmuthic  acid, 
H4Bi207,  is  said  to  have  been  obtained. 

242.  The  only  two  salts  of  bismuth  which  are  known  in  the  arts  are 
the  basic  nitrate  ( trisnitrate  of  bismuth  or  flake-white ) and  the  oxychloride 
of  bismuth  (■ pearl-white ).  The  preparation  of  these  compounds  illustrates 
one  of  the  characteristic  properties  of  the  salts  of  bismuth,  viz.,  the 
facility  with  which  they  are  decomposed  by  water  with  the  production 
of  insoluble  basic  salts. 

If  bismuth  be  dissolved  in  nitric  acid,  it  becomes  bismuthic  nitrate, 
Bi(N03)3,  and  this  may  be  obtained  in  prismatic  crystals  containing 
5Aq.  If  the  solution  be  mixed  with  a large  quantity  of  water,  it  de- 
posits a precipitate  of  flake-white,  Bi(N03)3.2Bi(0H)3,  or  Bi(0H)2N03, 
the  remainder  of  the  nitric  acid  being  left  in  the  solution — 

Bi(N03)3  + 2H20  = Bi(0H),N03  + 2HN03. 

The  basic  nitrate,  when  long  washed,  becomes  Bi(OH)3.  It  is  a crystal- 
line powder,  which  is  acid  to  moist  test-paper.  It  is  used  as  a paint 
and  cosmetic,  and  in  enamelling  porcelain. 

Pearl-white  has  the  composition  6BiOCl.Aq,  and  is  obtained  by  dis- 
solving bismuth  in  nitric  acid,  and  pouring  the  solution  into  water  in 
which  common  salt  has  been  dissolved. 

Bismuthite,  which  is,  next  to  native  bismuth,  the  most  important  of  the  bismuth 
ores,  is  composed  of  3Bi203.C02.H,0. 

Bismuthic  chloride,  BiCl“  ( = 2 vols.),  may  be  distilled  over  when  bismuth  is 
heated  in  a current  of  dry  chlorine  ; it  is  a deliquescent,  fusible,  volatile,  crystalline 
solid,  easily  dissolved  by  a small  quantity  of  water,  but  decomposed  by  much  water, 
with  formation  of  the  above-mentioned  oxychloride  of  bismuth;  BiC]3 Ii20  = 
BiOCl  + 2HCl.  This  compound  is  so  insoluble  in  water  that  nearly  every  trace 
of  bismuth  may  be  precipitated  from  a moderately  acid  solution  of  the  trichloride 
by  adding  much  water. 

Bismuth  tri-iodide,  Bil3,  is  obtained  as  a dark  brown  precipitate  when  potassium 
iodide  is  added  to  a solution  of  a bismuthic  salt.  If  the  solution  be  dilute  or 
very  acid,  a red  or  yellow  colour  is  produced,  without  precipitation,  and  if  a solu- 
tion of  a lead  salt  be  added  to  this,  a brown  or  red  precipitate  of  a double  iodide 
of  bismuth  and  lead  is  produced,  which  dissolves  in  hot  dilute  HC1,  and  separates 
in  minute  crystals  like  bronze  powder  on  cooling. 

Bismuthous  sulphide  (Bi2S2)  is  sometimes  found  in  nature,  but  more  frequently 
bismuthic  sulphide  (Bi2S3)  or  bismuth  glance,  which  occurs  in  dark  grey  lustrous 
prisms  isomofphous  with  native  sulphide  of  antimony.  It  is  also  _ obtained  as  a 
brown  precipitate  by  the  action  of  hydrosulphuric  acid  upon  bismuthic  salts. 
Bismuthic  sulphide  is  not  soluble  in  diluted  sulphuric  or  hydrochloric  acid,  but 
dissolves  easily  in  nitric  acid.  Bolivite  is  an  oxysulphide,  Bi2S3.Bi203. 

ANTIMONY. 

Sb"'  = 120  parts  by  weight. 

243.  Antimony  is  nearly  allied  to  bismuth  in  its  physical  and 
chemical  characters.  It  is  even  harder  and  more  brittle  than  that 
metal,  being  easily  reduced  to  powder.  Its  highly  crystalline  structure 
is  another  very  well  marked  feature,  and  is  at  once  perceived  upon  the 
surface  of  an  ingot  of  antimony,  where  it  is  exhibited  in  beautiful  fern- 
like  markings  ( star  antimony).  Its  crystals  belong  to  the  same  system 
(the  rhombohedral)  as  those  of  bismuth -and  arsenic.  It  is  much  lighter 
than  bismuth  (sp.  gr.  6.71 5).  requires  a higher  temperature  (426°  C.) 
to  fuse  it,  though  it  is  more  easily  converted  into  vfipour,  so  that,  when 
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strongly  heated  in  air,  it  emits  a thick  white  smoke,  the  vapour  being 
oxidised.  Like  bismuth,  it  is  but  little  affected  by  hydrochloric  or 
dilute  sulphuric  acid,  but  nitric  acid  oxidises  it,  though  it  dissolves  very 
little  of  the  metal,  the  greater  part  being  left  in  the  form  of  antimonic 
acid.  The  best  mode  of  dissolving  antimony  is  to  boil  it  with  hydro- 
chloric acid  and  to  add  nitric  acid  by  degrees.  Antimony  decomposes 
steam  at  a red  heat. 

Antimony  is  chiefly  found  in  nature  as  grey  antimony  ore,  stibnite, 
which  is  a sulphide  of  antimony  (Sb,S3),  occurring  in  Cornwall,  but 
much  more  abundantly  in  Hungary.  It  is  found  in  veins  associated 
with  galena,  iron  pyrites,  quartz,  and  heavy  spar.  In  order  to  purify 
it  from  these,  advantage  is  taken  of  its  easy  fusibility,  the  ore  being 
heated  upon  the  hearth  of  a reverberatory  furnace,  with  some  char- 
coal to  prevent  oxidation,  when  the  sulphide  of  antimony  melts  and 
collects  below  the  impurities,  whence  it  is  run  off  and  cast  into  moulds. 
The  product  thus  obtained  is  known  in  commerce  as  crude  antimony, 
and  contains  sulphides  of  arsenic,  iron,  and  lead. 

To  obtain  regidus  of  antimony,  or  metallic  antimony,  the  sulphide  of 
antimony  is  sometimes  fused  in  contact  with  refuse  metallic  iron  (such  as 
the  clippings  of  tin-plate),  when  sulphide  of  iron  is  formed,  and  collects 
as  a fused  slag  upon  the  surface  of  the  melted  antimony;  Sb,S3  + Fe3  = 
3FeS  + Sb2.  The  antimony  thus  obtained  always  contains  a consider- 
able proportion  of  iron. 

A purer  product  is  procured  by  another  process,  which  consists  in 
roasting  the  sulphide  in  a reverberatory  furnace  at  a temperature  in- 
sufficient to  fuse  it,  for  about  twelve  hours,  when  most  of  the  sulphur 
and  arsenic  are  expelled  as  sulphurous  and  arsenious  oxides,  carrying 
with  them  a considerable  quantity  of  oxide  of  antimony.  The  roasted 
ore  has  a brown-red  colour,  and  contains  both  oxide  and  sulphide  of 
antimony : it  is  mixed  into  a paste  with  Ath  its  weight  of  charcoal 
saturated  with  a strong  solution  of  sodium  carbonate.  The  mixture  is 
strongly  heated  in  crucibles,  when  the  oxide  of  antimony  is  reduced  by 
the  charcoal,  and  a portion  of  the  sulphide,  having  been  converted  into 
oxide  by  double  decomposition  with  the  sodium  carbonate — 


ShjSj  + 3Na2C03  = Sb203  + 3Na,S  + 3C02 
is  also  reduced,  the  remainder  of  the  sulphide  combining  with  the 
sodium  sulphide  to  form  a slag  which  floats  above  the  metallic  antimony ; 
the  latter  is  cast  into  ingots  for  the  market,  and  the  slag,  known  as 
crocus  oj  antimony  (chiefly  3Na2S.Sb2S3),  is  employed  for  the  preparation 
of  some  of  the  compounds  of  the  metal. 

. the  small  scale,  antimony  may  be  extracted  from  the  sulphide  by  fusing  it 
m an  earthen  crucible  with  4 parts  of  commercial  potassium  cyanide,  at  a mode- 
rate  heat ; or  by  mixing  4 parts  of  the  sulphide  with  3 of  bitartrate  of  potash  and 
i2  oi  nitre,  and  throwing  the  mixture,  by  small  portions,  into  a red-hot  crucible, 
w len  the  sulphur  is  oxidised,  and  converted  into  potassium  sulphate,  by  the 
mtie,  which  is  not  present  in  sufficient  quantity  to  oxidise  the  antimony,  so  that 
tlic  metal  collects  at  the  bottom,  of  the  crucible. 

M hen  tartar-emetic  is  strongly  heated  in  a closed  crucible,  an  alloy  of  antimony 
am  potassium  is  obtained  which  decomposes  water  rapidly  and  becomes  hot 
when  exposed  to  air. 

I he  brittleness  of  antimony  renders  it  useless  in  the  metallic  state 
except  lor  the  construction  of  thermo-electric  piles,  where  it  is  in  con- 
junction with  bismuth.  Antimony  is  employed,  however,  to  harden 
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several  useful  alloys,  such  as  type-metal,  shrapnel-shell  bullets,  Britannia 
metal,  and  pewter. 

Amorphous  antimony. — The  ordinary  crystalline  form  of  antimony  may.  be  ob- 
tained, like  copper  and  other  metals,  by  decomposing  solutions  containing  the 
metal  by  transmitting  the  galvanic  current  (the  solution  should  not  contain  more 
than  7 per  cent,  of  antimonious  chloride) ; but  in  some  cases  the  antimony  is 
deposited  from  very  strong  solutions  in  an  amorphous  condition,  having  properties 
very  different  from  those  of  ordinary  antimony.  The  best  mode  of  obtaining  it 
in  this  form  is  to  decompose  a solution  of  i part  of  tartar  emetic  (tartrate _ o 
antimony  and  potassium)  in  4 parts  of  a strong  solution  of  antimony  trichloride 
(obtained  by  heating  hydrochloric  acid  with  antimony  sulphide  till  it  refuses  o 
dissolve  any  more),  by  the  aid  of  three  cells  of  Smee’s  battery,  the  zinc  ot  whic 
is  connected  by  a copper  wire  with  a plate  of  copper  immersed  in  the  antimoma 
solution,  whilst  the  platinised  silver  of  the  battery  is  connected  with  a plate  0 
antimony  in  the  same  solution,  at  some  little  distance  from  the  copper  p e. 
The  deposit  of  antimony  which  forms  upon  the  copper  has  a brilliant  metallic 
appearance,  but  is  amorphous,  and  not  crystalline,  like  the  ordinary  me  a . 
it  be  gently  heated  or  sharply  struck,  its  temperature  rises  suddenly  to  about 
'?oo°  C.,  and  it  becomes  converted  into  a form  more  nearly  resembling  crystalline 
antimony.  At  the  same  time,  however,  thick  fumes  of  antimony  trichloride  are 
evolved,  for  this  substance  is  always  present  in  the  amorphous  antimony  to  tne 
amount  of  5 or  6 per  cent.,*  so  that,  as  yet,  there  is  not  sufficient  evidence  to 
establish  beyond  a doubt  the  existence  of  a pure  amorphous  form  of  antimony 
corresponding  to  amorphous  phosphorus,  however  probable  this  may  appear  from 
the  chemical  resemblance  between  these  elements. 

244.  Oxides  of  antimony,  Sb203,  Sb204,  Shfi^.—Trioxide  or  sesqui- 
oxicle  of  antimony,  or  antimonious  oxide,  Sb203,  is  formed  when  anti- 
mony burns  in  air  ( flowers  of  antimony),  and  is  prepared  on  a large 
scale  by  roasting  either  the  metal  or  the  sulphide  in  air,  for  use  in 
painting  as  a substitute  for  white  lead.  It  is  also  found  in  nature  as 
white  antimony  ore,  or  valentinite.  Antimonious  oxide  forms  a crystal- 
line powder,  usually  composed  of  minute  prisms  having  the  snape  ot 
the  rarer  form  of  arsenious  oxide  (page  246),  whilst  occasionally  it  is 
obtained  in  crystals  similar  to  those  of  the  common  octahedral  arsenious 
oxide  with  which,  therefore,  antimonious  oxide  is  isodimorphous.  The 
octahedral  form  appears  to  be  produced  only  when  the  prismatic  form 
is  slowly  sublimed  in  a non-oxidising  atmosphere..  The  mineral  exitele 
is  prismatic  oxide  of  antimony,  and  senarmontite  is  the  octahedral  form 
of  that  oxide.  When  heated  in  air  the  oxide  assumes  a yellow  colour, 
afterwards  takes  fire,  smoulders,  and  becomes  converted  into  t ie 
antimonious  antimoniate  (Sb203.Sb205  = Sb,04),  which  was  former  y 
regarded  as  an  independent  oxide.  Sb,03  may  be  obtained  by  oxidising 
antimony  with  very  weak  nitric  acid,  or  better,  by  dissolving  antimony 
sulphide  in  strong  HC1,  boiling  off  all  H.,S,  diluting  largely  with  water, 
washing  the  precipitated  oxychloride  by  decantation  till  it  is  no  longei 
acid  and  boiling  it  with  a strong  solution  of  sodium  carbonate; 
:Sb001  + Na,CO  - SbtO,  + aNaCl  + C02.  The  sesquioxide  is  insoluble 
• water  but  acids  dissolve  it,  forming  salts,  though  its  basic  pio- 
.“rtiel  ak  weak,  and  its  salts’ rather  ill  defined.  A hot . solut.cn  of 
hydropotassium  tartrate,  HKC.H.O,,  dissolves  it,  forming  tartar-emetK, 
Ahf)  K ( 1 H 0 . Potash  and  soda  are  also  capable  of  dissolving  it,  whence 
it  is  sometimes  called  antimonious  anhydride,  corresponding  to  nitrous 
anhydride  Two  crystallised  antimonites  of  sodium  have  been  ob- 
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tained,  the  neutral  antimonite  NaSb02.6Aq,  and  the  triantimonite 
NaSb0a.Sb203.Aq ; the  former  is  sparingly  soluble,  the  latter  almost 
insoluble  in  water. 

The  specific  gravity  of  the  vapour  of  Sb203  is  288  (TI  = 1).  Hence 
the  molecule  or  two  volumes  of  vapour  would  weigh  576,  and  would  be 
expressed  by  (Sb203)2.  The  same  holds  good  for  As,02  (see  p.  237). 

Antimony  tetroxide,  Sb,04,  is  important  because  it  is  the  product  of 
the  action  of  heat  upon  either  of  the  other  oxides  in  contact  with  air, 
so  that  antimony  is  often  weighed  in  this  form  in  quantitative  analysis! 
It  is  readily  obtained  by  boiling  antimony  with  nitric  acid,  evaporating 
to  dryness,  and  heating  the  residue  to  redness.  It  is  yellow  while  hot, 
and  becomes  white  on  cooling. 

Antimony  ash,  obtained  by  roasting  the  grey  sulphide  in  air,  consists 
chiefly  of  Sb„04,  and  is  used  for  preparing  other  antimony  compounds. 

Thus,  tartar-emetic  may  be  obtained  by  boiling  Sb.,0  with  hydro- 
potassium tartrate ; Sb.,0.,  + HKC4H406  = SbKC4H407  (tartar-emetic)  + 
SbHO.,  (metantimonic  acid).  This  leads  to  the  belief  that  Sb,0  really 
•contains  the  two  groups  Sb'"02  and  SbvO.„  of  which  the  first  gives 
rise  to  tartar-emetic,  and  the  second  to  metantimonic  acid  For 
Sb"'02  + HKC4H4Oc  = Sb"'K04H407  + HO,  and  Sbv02  + IIO  = SbvHO  . 

The  presence  of  Sb,0,  in  Sb,03  can  be  detected  by  dissolving  in  HC1 
and  adding  KI,  when  iodine  will  be  liberated- — 


_ SbA  + 2KI  + 8HC1  = 2SbCl3  + 2KC1  + 4ll„0  + I„. 

Antimonic  oxide,  Sb205,  is  formed  when  antimony  is  oxidised  by  nitric 

acid  • it  is  a white  powder,  which  should  be  well  washed  and  dried  at 
280°  C. 

It  will  be  remembered  that  Asa05  may  be  obtained  in  a similar  way, 
1 but  not  P,0..  Sb20.  is  a pale  yellow  amorphous  powder,  insoluble  in 

• water,  and  decomposed  at  300°  C.,  leaving  Sb.,0  . It  is  dissolved  by 
i potash,  forming  the  antimonate.  ‘ 

Antimonious  acid,  HSbO„,  corresponding  to  nitrous  acid,  is  said  to 
have  been  obtained  as  2HSb02.3Aq,  in  the  form  of  a white  precipitate, 

1 *>y  decomposing. sodium  antimonite  with  nitric  acid. 

. acj^'  HSbOs,  corresponding  to  nitric  acid,  is  precipitated 

. 1 y.2  *1  y adding  nitric  acid  to  solution  of  potassium  antimonate. 

It  is  a white  powder,  slightly  soluble  in  water,  and  easily  so  in  potash. 

0 assium  antimonate,  IvSb03,  is  made  by  gradually  adding  1 part 
of  powdered  antimony  to  4 parts  of  nitre  fused  in  a clay  crucible, 
lhe  mass  is  powdered  and  washed  with  warm  water  to  remove  the 
excess  ot  nitre  and  the  potassium  nitrite,  when  the  anhydrous  potas- 
sium antimoniate  is  left ; and  on  boiling  this  for  an  hour  or  two  with 
W4  e,r,11  tcomes  hydrated,  and  dissolves.  The  solution,  when  evapo- 
ia  ec , eaves  a gummy  mass  of  potassium  antimonate,  having  the  com- 
posi  ion  2 Vi  j03.5Aq.  This  dissolves  in  warm  water,  and  is  decomposed 
by  boihng  for  some  time,  yielding  an  acid  antimonate  KJTTSbOA.oAq 
JSochmi  antimonate,  2NaSbO,.7Aq,  is  prepared  like  the  potassiui 


■ ' ^ antimonate,  NH  SbO„  is  obtained  as  a crystalline  powder 

insoluble  in  water,  by  dissolving  HSbO,  in  warm  ammonia.  1 
-A  basic ^ lead  antimonate  is  used  in  oil-painting  as  Naples  yellow 
Metantimonic  acid,  Ii4Sb207,  should  really  be  called  pyro-antimonic 
acid,  since  it  corresponds  to  pyrophosphoric  acid,  H4P„0.. 1 It  is  obtainec 
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as  a wliite  precipitate  by  deconiDOsing  antimonic  chloride  with  water ; 
2SbCl.  + 7H20  = H4Sb2Of  + 10HCI.  It  is  rather  more  soluble  in  water 
than  antimonic  acid,  and  dissolves  in  cold  ammonia.  When  heated  to 
200°  C.,  it  is  converted  into  antimonic  acid ; H4Sb207  = 2HSb03  + H20. 
This  resembles  the  conversion  of  pyrophosphoric  into  metaphosplioric 
acid  by  the  action  of  heat. 

Potassium  metantimonate,  K4Sb„07,  is  made  by  fusing  the  antimonate 
with  potash,  in  a silver  crucible;  2KSb03  + 2KHO  = K4feb207  + H./J. 
On  dissolving  in  water  and  evaporating,  crystals  of  the  metantimonate 
are  obtained,  but  water  decomposes  these  into  potash  and  potassiwm 
dimetantimonate,  K2H2Sb207,  which  forms  a crystalline  powder  con- 
taining 6Aq.  It  is  sparingly  soluble  in  cold  water,  but  dissolves  in 
warm  water.  The  solution  forms  a valuable  test  for  sodium,  which  it 
precipitates  in  the  form  of  Na2H2Sb207.6Aq.  When  long  kept,  the 
solution  of  potassium  dimetantimonate  becomes  converted  into  anti- 
monate, which  does  not  precipitate  sodium;.  K4Sb207  + H20  = 
cKSbO.,  + 2KHO.  Acids  precipitate  metantimonic  acid,  which  dis- 
solves in  HOI.  Nearly  all  metallic  solutions  yield  precipitates  with 
the  potassium  dimetantimonate,  so  that  all  other  metals  must  be  ie- 
moved  from  the  solution  before  testing  for  sodium. 

245 . Antimonetted  hydrogen,  or  hydric  antimonide,  SbH3,  is  not  known 
in  the  pure  state,  but  is  obtained,  mixed  with  H,  when  an  alloy  of 
antimony  with  zinc  is  acted  on  by  dilute  sulphuric  acid,  01  w lien  a 
solution  of  an  antimony  salt,  tartar-emetic,  for  example,  is  poured  into 
a hydrogen  apparatus  containing  zinc  and  dilute  sulphuric  acid  (see 
pao'e  242).  Its  production  forms  the  most  delicate  test  for  antimony, 
as  m the  parallel  case  of  arsenic,  but  the  one  cannot  be  mistaken  for 
the  other,  if  the  following  differences  be  observed.  The  SbII3  burns 
with  a greenish  flame,  which  deposits  a soot-black  spot  upon  a porcelain 
crucible  lid  (fig.  220).  This  spot  dissolves  when  a drop  of  yellow 
ammonium  sulphide  is  placed  on  it  with  a glass  rod,  and,  on  evapora- 
tion, (fives  an  orange  film  of  Sb.,S3.  When  the  tube  through  which  the 
eras  passes  is  heated  (tig.  221),'  metallic  antimony  is  deposited  at  the 
heated  part,  and  not  beyond  it,  like  arsenic.  When  the  . gas  is  passed 
into  silver  nitrate,  the  antimony  is  precipitated  as  black  silver  antimon- 
ide ; SbH  + 3AgN03  = SbAga  + 3HN03  (whereasarsenic  passes  into  solu- 
tion as  arsenious  acid),  and  gives  a black  precipitate  of  metallic  sih  er. 

Sulphur  decomposes  SbII3  in  sunlight  or  at  100"  C.,  but  not  in  the 
dark  • 2 SbIT  + 38,  = Sb.,S3  + 3IT2S.  The  reactions  with  silver  nitrate 
and  with  sulphur  prove  the  composition  of  the  gas  to  be  SbH3,  so  that 

it  is  analogous  to  AsH3,  PHa,  and  NHS. 

If  the  hydrogen  antimonide  be  prepared  by  the  action  ot  dilute 
sulphuric  acid  upon  an  alloy  of  2 parts  of  antimony  with  3 parts  of 
zinc  and  the  first  portions  collected  separately  and  cooled  to  - 91  U, 
it  solidifies  but  on  raising  the  temperature  to  about  - 60  it  is  decom- 
posed, antimony  being  deposited.  This  explains  why  so  little  of  the  com- 
pound is  obtained  in  the  gas  made  under  ordinary  conditions.  . 

1 216  C1110RIDES  of  ANTIMONY.— Chlorine  and  antimony  combine 
readily  with  evolution  of  heat  and  light ; the  chlorides  are  among  the 

most  important  compounds  of  this  metal.  . 

Trichloride  of  antimony,  or  antimomous  chloride,  SbCl  ( = 2 vols  , 
may  be  prepared  by  distilling  three  parts  of  powdered  antimony  with 
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-eight  parts  of  corrosive  sublimate,  when  calomel  and  an  amalgam  of 
.antimony  are  left,  and  the  trichloride  of  antimony  distils  over ; 
.Sb,  + aHgCl2  = SbCl3  + Sbtlg  + HgCl.  It  can  also  be  obtained  by 
boiling  powdered  antimony  or  sulphide  of  antimony  to  dryness  with 
strong  sulphuric  acid,  and  distilling  the  antimonious  sulphate  thus 
•obtained  with  common  salt.  The  trichloride  is  a soft  crystalline  fusible 
solid,  whence  its  old  name  of  butter  of  antimony.  It  fuses  at  7 2°  0.  and 
boils  at  2 2 30  C.  It  may  be  dissolved  in  a small  quantity  of  water,  but 
a large  quantity  of  water  decomposes  it,  forming  a bulky  white  precipi- 
tate, which  is  an  oxychloride  of  antimony  ; SbC'l3  + TI,0  = 2HCI  4-  SbOG’l ; 
this  is  a decomposition  similar  to  that  which  occurs  with  PCI.,,  AsC13, 
and  BiCl3.  By  long  washing,  2SbOCl  + H,0  = 2HCI  + Sb,03.  When 
hot  water  is  added  to  a hot  solution  of  trichloride  of  antimony  in 
hydrochloric  acid,  minute  prismatic  needles  are  deposited,  containing 
Sb4Cl20.,  and  formerly  called  powder  of  Algarotli.  The  same  body  is 
formed  when  SbOCl  is  heated  ; 5SbOCl  = SbCl3  + Sb4Cl20..  Trichloride 
of  antimony  is  occasionally  used  in  surgery  as  a caustic ; it  also  serves 
as  a bronze  for  gun-barrels,  upon  which  it  deposits  a film  of  antimony. 

Pentachloride  of  antimony,  or  antimonic  chloride  (SbCl.),  is  prepared 
by  heating  coarsely  powdered  antimony  in  a retort,  through  which  a 
stream  of  dry  chlorine  is  passed  (fig.  205),  the  neck  of  the  retort  being 
fitted  into  an  adapter,  which  serves  to  condense  the  pentachloride.  One 
ounce  of  antimony  will  require  the  chlorine  from  about  6 oz.  of  common 
manganese  and  18  oz.  (measured)  of  hydrochloric  acid.  The  pure 
pentachloride  is  a colourless  fuming  liquid  of  a very  suffocating  odour ; 
it  combines  energetically  with  a small  quantity  of  water,  forming  a 
crystalline  hydrate,  SbCL.qAq,  but  an  excess  of  water  decomposes  it 
into  hydrochloric  and  metantimonic  acids,  the  latter  forming  a white 
precipitate;  2SbCls  + 7H20  = 10HCI  + H4Sb40?.  If  it  be  dropped  into 
water  kept  cool  by  ice,  it  yields  antimony  oxy trichloride  as  a deliques- 
cent crystalline  body  ; SbCl,  + H,0  = SbOCl3  + 2HCI.  Pentachloride  of 
antimony  is  employed  by  the  chemist  as  a chlorinating  agent;  thus, 
olefiant  gas  (C,H4),  when  passed  through  it,  is  converted  into  Dutch 
liquid  (GUI, (Ij,  and  carbonic  oxide  into  phosgene  gas,  the  pentachloride 
•of  antimony  being  converted  into  trichloride.  SbCl.  is  partially  decom- 
posed by  distillation  into  SbCl3  and  Cl.,. 

The  pentachloride  of  antimony  is  the  analogue  of  pentachloride  of 
phosphorus,  and  a chlorosidphi.de  of  antimony  (SbCl3S),  corresponding  to 
clilorosulphide  of  phosphorus,  is  obtained  as  a white  crystalline  solid  by 
the  action  of  hydrosulphuric  acid  upon  pentachloride  of  antimony. 

247.  Sulphides  of  antimony. — Antimonious  sulphide , or  sesquisulphicle 
of  antimony  (Sb,S3),  has  been  noticed  as  the  chief  ore  of  antimony.  It 
is  abundant  in  Borneo.  It  is  a heavy  mineral  (sp.  gr.  4.63),  of  a dark 
grey  colour  and  metallic  lustre,  occurring  in  masses  which  are  made  up 
of  long  prismatic  needles.  It  fuses  easily,  and  may  be  sublimed  un- 
changed out  of  contact  with  air.  It  is  easily  recognised  by  heating  it, 
in  powder,  with  hydrochloric  acid,  when  it  evolves  the  odour  of  hydro- 
sulphuric  acid,  and  if  the  solution  be  poured  into  water,  it  deposits  an 
orange  precipitate  (page  195).  This  orange  sulphide,  which  is  a 
compound  of  Sb2S3  with  water,  is  also  obtained  by  adding  hydrosulphuric 
acid  to  a solution  of  a salt  of  antimony  (for  example,  tartar-emetic) 
acidulated  with  hydrochloric  acid.  It  may  be  converted  into  the  grey 
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sulphide  at  200°  C.  The  orange  variety  constitutes  the  antimony 
vermilion , the  preparation  of  which  has  been  described  at  page  212.. 
Native  sulphide  of  antimony  is  employed,  in  conjunction  with  potassium 
chlorate,  in  the  friction-tube  for  firing  cannon;  it  is  also  used  in  per- 
cussion caps,  together  with  potassium  chlorate  and  mercuric  fulminate- 
Its  property  of  deflagrating  with  a bluish-white  flame  when  heated  with 
nitre,  renders  it  useful  in  compositions  for  coloured  fires. 

Glass  of  antimony  is  a transparent  red  mass  obtained  by  roasting 
antimonious  sulphide  in  air,  and  fusing  the  product ; it  contains  about 
8 parts  of  oxide  and  1 part  of  sulphide  of  antimony.  It  is  used  for- 
colouring  glass  yellow. 

Red  antimony  ore  is  an  oxysulphide  of  antimony,  Sb203. 2 Sb2S3. 

Antimonic  sulphide  (Sb.,S.)  is  obtained  as  a bright  orange-red  precipi- 
tate by  the  action  of  liydrosulphuric  acid  upon  a solution  of  penta- 
chloride  of  antimony  in  hydrochloric  acid.  It  is  decomposed  by  heat- 
into  Sb2S3  and  S2.  When  boiled  with  hydrochloric  acid,  Sb2S.  + 6IIC1  = 
2Sb013  + 3H2S  + S2,  showing  the  tri valence  of  antimony  to  be  strongei- 
than  the  quinquivalence. 

Both  the  sulphides  of  antimony  are  capable  of  combining  with  the 
alkaline  sulphides  to  form  sidpliantimonites  and  sulphantimonate^ 
respectively.  Hence  they  are  easily  dissolved  by  alkalies  and  alkaline 
sulphides ; for  example,  Sb2S3  + 6KHO  = K3Sb03  ( antimonite ) 4-  K3SbS3 
(sulphantimonite)  + 3 11,0 . Hydrochloric  acid  reprecipitates  all  the 

antimony  as  Sb2S3.  Even  metallic  antimony,  in  powder,  is  dissolved 
when  gently  heated  with  solution  of  potassium  sulphide  in  which 
sulphur  has  been  dissolved,  any  lead  or  iron  which  may  be  present 
being  left  in  the  residue,  so  that  the  antimony  may  be  tested  by  this 
process  as  to  its  freedom  from  those  metals. 

Mineral  kermes  is  a variable  mixture  of  oxide  and  sulphide  of  anti- 
mony, which  is  deposited  as  a reddish-brown  powder  from  the  solution 
obtained  by  boiling  sulphide  of  antimony  with  potash  or  soda.  It  was. 
formerly  much  valued  for  medicinal  purposes.  Kermes  was  the  Arabic 
name  of  an  insect  formerly  "used  in  dyeing  scarlet. 

Schlippes  salt  is  the  sodium  sulphantimonate  (Na3SbS4.9lI,0),  and 
may  be  obtained  in  fine  transparent  tetrahedral  crystals  by  dissolving 
Sb.,8.,  in  NaHO  and  adding  sulphur.  This  salt  is  sometimes  used  in 
photography. 

Potassium  sulphantimonate , K3SbS4.gAq,  has  been  obtained. 

Antimonious  sulphate , Sb2(S04)3,  is  formed  when  antimony  is  boiled 
with  strong  H2S04.  It  crystallises  in  needles,  which  are  decomposed  by 
water  into  a soluble  acid  sulphate  and  an  insoluble  basic  sulphate. 

Antimony  phosphide , SbP,  has  been  obtained  by  mixing  solutions  of 
antimonious  bromide  and  phosphorus  in  carbon  disulphide.  It  forms- 
an  insoluble  red  powder. 


TIN. 

Sn=  1 18  parts  by  weight. 

248.  Tin  is  by  no  means  so  widely  diffused  as  most  of  the  other  metals- 
which  are  largely  used,  and  is  scarcely  ever  found  in  the  metallic  state  in 
nature.  Its  only  important  ore  is  that  known  as  tin-stone,  which  is  a 
binoxide  of  tin,  SnO.„  and  is  generally  found  in  veins  traversing  quartz, 


METALLURGY  OF  TIN. 


359 


granite,  or  slate.  It  is  generally  associated  with  arsenical  iron  pyrites, 
and  with  a mineral  called  wolfram , which  is  a tungstate  of  iron  and 
manganese. 

Tin-stone  is  sometimes  found  in  alluvial  soils  in  the  form  of  detached 
rounded  masses  ■ it  is  then  called  stream  tin  ore,  and  is  much  purer  than 
that  found  in  veins,  for  it  has  undergone  a natural  process  of  oxidation 
and  levigation  exactly  similar  to  the  artificial  treatment  of  the  impure 
ore.  These  detached  masses  of  stream  tin  ore  are  not  unfrequently 
rectangular  prisms  with  pyramidal  terminations. 

The  Cornish  mines  furnish  the  largest  supplies  of  tin,  and  those  of 
Malacca  and  Banca  stand  next.  Tin-stone  is  also  found  in  Bohemia, 
Saxony,  California,  and  Australia.  At  the  Cornish  tin-works  the  purer 
portions  of  the  ore  are  picked  out  by  hand,  and  the  residue,  which 
contains  quartz  and  other  earthy  impurities,  together  with  copper 
pyrites  and  arsenical  iron  pyrites,  is  reduced  to  a coarse  powder  in  the 
stamping-mills,  and  washed  in  a stream  of  water.  The  tin-stone,  being 
extremely  hard,  is  not  reduced  to  so  fine  a powder  as  the  pyritous 
minerals  associated  with  it,  and  these  latter  are  therefore  more  readily 
carried  away  by  the  stream  of  water  than  the  tin-stone.  The  removal 
of  the  foreign  matters  from  the  ore  is  also  much  favoured  by  the  high 
specific  gravity  of  the  binoxide  of  tin,  which  is  6.5,  whilst  that  of  sand 
or  quartz  is  only  2.7,  so  that  the  latter  would  be  carried  off  by  a stream 
which- would  not  disturb  the  former.  So  easily  and  completely  can  this 
separation  be  effected,  that  a sand  containing  less  than  1 per  cent,  of 
tin-stone  is  found  capable  of  being  economically  treated. 

In  order  to  expel  any  arsenic  and  sulphur  which  may  still  remain  in 
the  washed  ore,  it  is  roasted  in 
quantities  of  8 or  10  cwts.  in  a 
reverberatory  furnace,  when  the 
sulphur  is  disengaged  in  the  form 
of  sulphurous  acid  gas,  and  the 
arsenic  in  that  of  arsenious  oxide, 
the  non  being  left  in  the  state  of 
ferric  oxide,  and  the  copper  partly 
as  sulphate  of  copper,  partly  as 
unaltered  sulphide.  To  complete 
the  oxidation  of  the  insoluble  sul- 
phide of  copper,  and  its  conversion 
into  the  soluble  sulphate,  the 
roasted  ore  is  moistened  with  water 
and  exposed  to  the  air  for  some 
days,  after  which  the  whole  of  the 
copper  may  be  removed  by  again 
washing  with  water. 

A second  washing  in  a stream 
of  water  also  removes  the  ferric 
oxide  in  a state  of  suspension,  and 
this  is  much  more  easily  effected 
than  when  the  iron  was  in  the  form  of  pyrites,  since  the  difference 
between  the  specific  gravity  of  this  mineral  (5.0)  and  that  of  the  tin- 
stone (6.5)  is  far  less  than  that  between  ferric  oxide  and  tin-stone. 

The  ore  thus  purified  contains  between  60  and  7°  per  cent,  of  tin  ; 
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it  is  mixed  very  intimately  with  about  |tli  of  powdered  coal,  and  a little 
lime  or  fuor  spar  to  form  a fusible  slag  with  the  earthy  impurities ; 
the  mixture  is  sprinkled  with  water  to  prevent  its  dispersion  by  the 
draught  of  air,  and  thrown  on  the  hearth  (A,  fig.  246)  of  a reverberatory 
furnace,  in  charges  of  between  20  and  25  cwts. 

The  temperature  is  not  permitted  to  rise  too  high  at  first,  lest  a por- 
tion of  the  oxide  of  tin  should  combine  with  the  silica  to  form  a silicate, 
from  which  the  metal  would  be  reduced  with  difficulty. 

During  the  first  six  or  eight  hours  the  doors  of  the  furnace  are  kept 
shut,  so  as  to  exclude  the  air  and  favour  the  reducing  action  of  the 
carbon  upon  the  binoxide  of  tin,  the  oxygen  of  which  it  converts  into 
carbonic  oxide,  leaving  the  tin  in  the  metallic  state  to  accumulate  upon 
the  hearth  beneath  the  layer  of  slag.  When  the  reduction  is  deemed 
complete,  the  mass  is  well  stirred  with  an  iron  paddle  to  separate  the 
metal  from  the  slag ; the  latter  is  run  out  first,  and  the  tin  is  then 
drawn  off  into  an  iron  pan  (B),  where  it  is  allowed  to  remain  at  rest 
for  the  dross  to  rise  to  the  surface,  and  is  ladled  out  into  ingot  moulds. 

The  slags  drawn  out  of  the  smelting-furnace  are  carefully  sorted,  those 
which  contain  much  oxide  of  tin  being  worked  up  with  the  next  charge 
of  ore,  whilst  those  in  which  globules  of  metallic  tin  are  disseminated 
are  crushed,  so  that  the  metal  may  be  separated  by  washing  in  a stream 
of  water. 

The  tin,  when  first  extracted  from  the  ore,  is  far  from  pure,  being 
contaminated  with  small  quantities  of  iron,  arsenic,  copper,  and  tung- 
sten. In  order  to  purify  it  from  these,  the  ingots  are  piled  into  a 
hollow  heap  near  the  fire-bridge  of  a reverberatory  furnace,  and  gra- 
dually heated  to  the  fusing  point,  when  the  greater  portion  of  the  tin 
flows  into  an  outer  basin,  whilst  the  remainder  is  converted  into  tfie 
binoxide,  which  remains  as  dross  upon  the  hearth,  together  with  the 
oxides  of  iron,  copper,  and  tungsten,  the  arsenic  having  passed  off  in 
the  form  of  arsenious  oxide.  Fresh  ingots  of  tin  are  introduced  at 
intervals,  until  about  5 tons  of  the  metal  have  collected  in  the  basin, 
which  is  commonly  the  case  in  about  an  hour  after  the  commencement 
of  the  operation. 

The  specific  gravity  of  tin  being  very  low  (7.285),  any  dross  which 
may  still  remain  mingled  with  it  does  not  separate  very  readily;  to 
obviate  this,  the  molten  metal  is  well  agitated  by  stirring  with  wet 
wooden  poles,  or  by  lowering  billets  of  wet  wood  into  it,  when  the  evolved 
bubbles  of  steam  carry  the  impurities  up  to  the  surface  in  a kind  of  froth ; 
the  stirring  is  continued  for  about  three  hours,  and  the  metal  is  allowed 
to  remain  at  rest  for  two  hours,  when  it  is  skimmed  and  ladled  into 
ingot  moulds.  It  is  found  that,  in  consequence  of  the  lightness  of  the 
metal,  and  its  tendency  to  separate  from  the  other  metals  with  which 
it  is  contaminated,  the  ingots  which  are  cast  from  the  metal  first 
ladled  out  of  *the  pot  are  purer  than  those  from  the  bottom ; this  is 
shown  by  striking  the  hot  ingots  with  a hammer,  when  they  break  up 
into  the  irregular  prismatic  fragments  known  as  dropped  or  grain-tin, 
the  impure  metal  not  exhibiting  this  extreme  brittleness  at  a high 
temperature.  The  tin  imported  from  Banca  is  celebrated  foi  its  puiity 
{Straits  tin). 

When  the  tin  ore  contains  wolfram,  [FeMnJWO,,  which  has  sp.  gr. 
7.3,  it  remains  behind  with  the  prepared  tin  ore,  and  must  be  removed 
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before  smelting,  by  fusion  with  sodium  carbonate  in  a reverberatory 
furnace,  when  the  tungstic  acid  is  converted  into  sodium  tungstate, 
which  is  dissolved  out  by  water  and  crystallised.  This  salt  finds  an 
application  in  calico-printing. 

On  the  small  scale,  tin  may  be  extracted  from  tin-stone  by  fusing 
100  grains  with  20  grains  of  dried  sodium  carbonate,  and  20  of  dried 
borax,  in  a crucible  lined  with  charcoal,  exactly  as  in  the  extraction  of 
iron  (see  p.  330). 

The  extraction  is  more  easily  effected  by  fusing  100  grains  of  tin- 
stone with  500  grains  of  potassium  cyanide  for  fifteen  minutes  at  a red 
heat. 

249.  Properties  oftix. — Tin  is  remarkable  for  its  lustre  and  white- 
ness, in  which  it  rivals  silver,  but  is  at  once  distinguished  from  it  by  its 
greater  fusibility,  and  by  its  oxidising  when  heated  in  air.  It  is  the  most 
fusible  of  the  metals  in  common  use  (228°  C.),  much  lighter  than  silver, 
sp.  gr.  7.28,  and  emits  a curious  grating  sound  when  bent ; it  is  harder 
than  lead,  but  softer  than  zinc ; very  malleable  at  ordinary  tempera- 
tures (tin-foil),  brittle  at  200°  C.  (dropped  or  grain  tin))  not  vaporised 
except  at  very  high  temperatures.  It  has  the  lowest  tenacity  of  all  the 
metals  in  common  use,  and,  therefore,  its  ductility  is  very  low,  only  one 
other  common  metal,  lead,  being  more  difficult  to  draw  into  wire  at  the 
common  temperature.  Tin  may,  however,  be  drawn  at  ioo°  C.  Only 
gold,  silver,  and  copper  surpass  it  in  malleability. 

Tin  decomposes  steam  at  a red  heat.  It  is  scarcely  affected  by  air  or 
water  at  common  temperatures,  and  is  therefore  used  for  tinning  other 
metals.  Tin  is  easily  soluble  in  strong  hydrochloric  acid,  which  dis- 
tinguishes it  from  silver,  and  it  is  converted  into  a white  nearly  in- 
soluble powder  by  nitric  acid,  which  distinguishes  it  from  all  other 
metals  except  antimony. 

Tin-foil  is  made  from  bars  of  the  best  tin,  which  are  hammered  down 
to  a certain  thinness,  then  cut  up,  laid  upon  each  other,  and  again 
beaten  till  extended  to  the  required  degree. 

Tin-plate  is  made  by  coating  sheets  of  iron  with  a layer  of  tin ; the 
best  kind,  known  as  block  tin,  being  that  which  is  covered  with  the 
thickest  layer  of  tin,  and  afterwards  hammered  upon  a polished  anvil 
in  order  to  consolidate  the  coating  and  make  it  adhere  more  firmly. 
Tin,  being  unaltered  by  exposure  to  air  at  the  ordinary  temperature, 
will  effectually  protect  the  iron  from  rust  as  long  as  the  coating  of  tin 
is  perfect,  but  as  soon  as  a portion  of  the  tin  is  removed  so  as  to  leave 
the  iron  exposed,  corrosion  will  take  place  very  rapidly,  because  the 
two  metals  form  a galvanic  couple,  which  will  decompose  the  water 
(charged  with  carbonic  acid)  deposited  upon  them  from  the  air,  and 
the  iron,  having  the  greater  attraction  for  oxygen,  will  be  the  metal 
attacked.  In  the  case  of  galvanised  iron  (coated  with  zinc),  on  the 
contrary,  the  zinc  would  be  the  metal  attacked,  and  hence  the  greater 
durability  of  this  material  under  certain  conditions. 

For  the  manufacture  of  the  best  tin-plate,  the  very  best  iron  refined 
with  charcoal  (see  page  318)  is  employed,  and  the  most  important  part 
of  the  process  consists  in  cleansing  the  iron  plates  from  every  trace  of 
oxide  which  would  prevent  the  adhesion  of  the  tin.  To  effect  this  they 
are  made  to  undergo  several  processes,  of  which  the  most  important 
are  (1)  immersion  in  diluted  sulphuric  acid;  (2)  heating  to  redness; 
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(3)  hammering  and  rolling  to  scale  off  the  oxide  ; (4)  steeping  in  sour 
bran;  (5)  immersion  in  mixed  diluted  sulphuric  and  hydrochloric 
acids;  (6)  sconcing  with  bran;  (7)  washing  with  water ; they  are  then 
dried  for  an  hour  in  a vessel  of  melted  tallow,  which  prevents  contact 
of  air,  and  immersed  for  an  hour  and  a half  in  melted  tin,  the  surface 
of  which  is  protected  from  oxidation  by  tallow  ; after  draining,  they 
are  dipped  a second  time  into  the  tin  to  thicken  the  layer;  then 
transferred  to  a bath  of  hot  tallow  to  allow  the  superfluous  tin  to  run 
down  to  the  lower  edge,  whence  it  is  afterwards  removed  by  liquefying 
it  in  a vessel  of  melted  tin,  and  shaking  it  off  by  a sharp  blow- 
About  8 lbs.  of  tin  are  required  to  cover  225  plates,  weighing  1 12  lbs.. 

To  recover  the  tin  from  tin-plate  cuttings  they  are  boiled  with  caustic 
soda  and  litharge  ; Sn  + 2NaOTI  + 2PbO  = Na2Sn03  + Pb2  + H,0.  The 
sodium  stannate,  Na9Sn03,  is  used  in  dye-works,  and  the  precipitated 
lead  is  again  converted  into  litharge  by  heating  in  air. 

T erne-plate  is  iron  coated  with  an  alloy  of  tin  and  lead. 

In  tinning  the  interior  of  copper  vessels,  in  order  to  prevent  the  con- 
tamination of  food  with  the  copper,  the  surface  is  first  thoroughly 
cleaned  from  oxide  by  heating  it  and  rubbing  over  it  a little  sal- 
ammoniac,  wThich  decomposes  any  oxide  of  copper,  converting  it  into  the- 
volatile  chloride  of  copper  (CuO  + 2NH4C1  = CuCl„  + H20  + 2NH3).  A 
little  resin  is  then  sprinkled  upon  the  metallic  surface,  to  protect  it  from 
oxidation,  and  the  melted  tin  is  spread  over  it  with  tow.  . 

Pins  (made  of  brass  wire)  are  coated  with  tin  by  boiling  them  with 
cream  of  tartar  (bitartrate  of  potash),  common  salt,  alum,  granulated 
tin,  and  water ; the  tin  is  dissolved  by  the  acid  liquid,  from  which 
solution  it  is  reduced  by  electrolytic  action,  for  the  tin  is  moie  highly 
electro-positive  than  the  brass,  and  the  latter  acts  as  the  negative  plate. 

250.  Alloys  of  tin. — Tin  is  the  chief  metal  used  for  making  white- 
alloys,  some  of  which  resemble  silver  in  appearance.  Britannia  metal 
consists  chiefly  of  tin  (about  80  per  cent.)  hardened  by  . antimony 
(about  10  per  cent.)  and  a little  copper.  Base  silver  com  consists  chiefiy 
of  tin.  Pewter  consists  of  4 parts  of  tin  and  1 part  of  lead.  Much 
inferior  tin  foil  is  made  of  pewter.  The  fusibility  of  tin  recommends  it 
for  solder.  The  solder  employed  for  tin  wares  is  an  alloy  of  tin  and 
lead  in  various  proportions,  sometimes  containing  2 parts  of  tin  to  1 of 
lead  (fine  solder),  sometimes  equal  weights  of  the  two  metals  (common 
solder),  and  sometimes  2 parts  of  lead  to  1 of  tin  (coarse  solder).  All 
ill ocp  n 1 1 n vs  melt  at  a lower  temperature  than  tin,  and,  therefore,  than 
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hard  metal  thoroughly  mixed  with  it,  long  wooden  stirrers  being 
employed.  A quantity  of  old  gun  metal  is  usually  melted  with  the 
copper,  and  facilitates  the  mixing  of  the  metals.  When  the  metals  are 
thoroughly  mixed,  the  oxide  is  removed  from  the  surface,  and  the  gun 
metal  is  run  into  moulds  made  of  loam,  the  stiiTing  being  continued 
during  the  running,  in  order  to  prevent  the  separation,  to  which  this 
alloy  is  very  liable,  of  a white  alloy  containing  a larger  proportion  of  tin, 
which  has  a lower  specific  gravity,  and  would  chiefly  collect  in  the  upper 
part  of  the  casting  (forming  tin-spots).  In  casting  cannon  (erroneously 
called  brass  guns)  the  mould  is  placed  perpendicularly,  with  the  muzzle 
upwards,  the  upper  part  of  the  mould  being  about  3 feet  longer  than  is 
required  for  the  gun,  so  that  a superfluous  cylinder  of  metal  or  dead- 
head is  formed,  in  which  the  separated  alloy  collects,  together  with  any 
oxide  or  dross  which  may  have  run  out  with  the  metal ; this  dead-head 
is  cut  off  before  the  gun  is  turned  and  bored.  The  metal  is  run  into 
the  mould  at  a temperature  as  near  its  point  of  solidification  as  possible, 
so  as  to  diminish  the  chance  of  separation.  The  purest  commercial 
qualities  of  copper  and  tin  are  always  employed  in  gun  metal. 

The  brittle  white  alloy  alluded  to  above  as  hard  metal  appears  to  be  a 
chemical  compound  having  the  formula  SnCu4  (which  requires  31.8  per 
cent,  of  tin  and  68.2  per  cent,  of  copper),  though  the  alloy  which  has 
the  highest  density,  and  which  bears  repeated  fusion  without  alteration 
in  its  composition,  corresponds  to  the  formula  SnCu,  (38.2  per  cent,  of 
tin).  It  is  probably  one  of  these  alloys  which  forms  the  tin-spots  or 
flaws  in  gun-metal  castings. 

Bronze  is  essentially  an  alloy  of  copper  and  tin,  containing  more  tin 
than  gun  metal ; its  composition  is  varied  according  to  its  application, 
small  quantities  of  zinc  and  lead  being  often  added  to  it.  Bronze  is 
affected  by  changes  of  temperature,  in  a manner  precisely  the  reverse  of 
that  in  which  steel  is  influenced,  for  it  becomes  hard  and  brittle  when 
allowed  to  cool  slowly,  but  soft  and  malleable  when  quickly  cooled. 
The  art  of  making  bronze  was  practised  before  any  progress  had  been 
made  in  working  iron,  and  ancient  weapons  were  very  commonly  of  this 
material.  Bronze  coin  (substituted  for  the  copper  coinage)  is  composed 
of  95  copper,  4 tin,  and  1 zinc. 

Manganese-bronze,  an  alloy  of  ordinary  bronze  with  manganese,  is  said 
to  rival  bar-iron  in  tenacity  and  extensibility. 

Bell  metal  is  an  alloy  of  about  4 parts  of  copper  and  1 of  tin,  to  which 
lead  and  zinc  are  sometimes  added.  The  metal  of  which  musical  instru- 
ments are  made  generally  contains  the  same  proportions  of  copper  and 
tin  as  bell  metal.  At  a little  below  a dark  red  heat,  this  alloy  may  be 
hammered  into  thin  plates,  by  which  Riche  and  Champion  have  succeeded 
in  imitating  the  celebrated  Chinese  gongs. 

;S pecidicm  metal,  employed  for  reflectors  in  optical  instruments,  consists, 
of  2 parts  of  copper  and  1 of  tin,  to  which  a little  zinc,  arsenic,  and  silver 
are  sometimes  added  to  harden  it  and  render  it  susceptible  of  a high 
polish. 

A superior  kind  of  type  metal  is  composed  of  1 part  of  tin,  1 of  anti- 
mony, and  2 of  lead. 

Tin  is  not  dissolved  by  nitric  acid,  but  is  converted  into  a white 
powder,  metastannic  acid  ; hydrochloric  acid  dissolves  it  with  the  aid  of 
heat,  evolving  hydrogen ; but  the  best  solvent  for  tin  is  a mixture  of 
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hydrochloric  with  a little  nitric  acid.  When  the  metal  is  acted  upon  by 
hydrochloric  acid,  it  assumes  a crystalline  appearance,  which  has  been 
turned  to  account  for  ornamenting  tin-plate.  If  a piece  of  common  tin- 
plate be  rubbed  over  with  tow  dipped  in  a warm  mixture  of  hydrochloric 
and  nitric  acids,  its  surface  is  very  prettily  diversified  ( moire  metallique) ; 
it  is  usual  to  cover  the  surface  with  a coloured  transparent  varnish. 

A mixture  of  1 vol.  H2S04,  2 vols.  HNOa,  and  3 vols.  water  dissolves 
tin  in  the  cold,  evolving  nearly  pure  nitrous  oxide.  The  solution  is 
precipitated  when  heated.  Poured  into  boiling  water,  all  the  tin  is 
thrown  down  as  metastannic  acid. 

Commercial  tin  is  liable  to  contain  minute  quantities  of  lead,  iron, 
copper,  arsenic,  antimony,  bismuth,  gold,  molybdenum,  and  tungsten. 
Pure  tin  may  be  precipitated  in  crystals  by  the  feeble  galvanic  current 
excited  by  immersing  a plate  of  tin  in  a strong  solution  of  stannous 
chloride,  covered  with  a layer  of  water,  so  that  the  metal  may  be  in 
contact  with  both  layers  of  liquid. 

25 4.  Oxides  of  tin. — Two  oxides  of  this  metal  are  known — stannous 
oxide,  SnO,  and  stannic  oxide,  SnO„. 

Protoxide  of  tin  (SnO),  or  stannous  oxide,  is  a substance  of  little 
practical  importance,  obtained  by  heating  stannous  oxalate  out  of  con- 
tact with  air ; SnC.,0,  = SnO  + C02  + CO.  It  is  a black  powder  which 
burns  wdien  heated  in  air,  becoming  Sn02.  It  is  a feebly  basic  oxide, 
and  therefore  dissolves  in  the  acids ; it  may  also  be  dissolved  by  a strong 
solution  of  potash,  but  is  then  easily  decomposed  into  metallic  tin  and 
stannic  oxide  which  combines  with  the  potash. 

Binoxide  of  tin  (Sn02),  or  stannic  oxide,  has  been  mentioned  as  the 
chief  ore  of  tin,  and  is  formed  when  tin  is  heated  in  air.  Tin-stone,  or 
cassiterite,  as  the  natural  form  of  this  oxide  is  called,  occurs  in  very  hard 
square  prisms,  usually  coloured  brown  by  ferric  oxide.  In  its  insolubility 
in  acids  it  resembles  crystallised  silica,  and,  like  that  substance,  it  forms, 
when  fused  with  alkalies  or  their  carbonates,  compounds  which  are  soluble 
in  water ; these  compounds  are  termed  stannates,  the  binoxide  of  tin 
being  known  as  stannic  anhydride.  The  artificial  Sn02  dissolves  in  hot 
strong  sulphuric  acid,  and  is  precipitated  on  adding  water.  It  is  easily 
reduced  when  heated  in  hydrogen,  and  is  converted  into  SnCl4  when 
heated  in  HC1  gas. 

Sodium  stannate  is  prepared,  on  the  large  scale,  for  use  as  a mordant 
by  calico-printers.  The  prepared  tin  ore  (page  359)  is  heated  with  solu- 
tion of  sodium  hydrate,  and  boiled  down  till  the  temperature  rises  to  500° 
or  6oo°  F.  ■ or  the  tin  ore  is  fused  with  sodium  nitrate,  when  the  nitric 
acid  is  expelled.  It  crystallises  easily  in  hexagonal  tables  having  the 
composition  Na.^nO^.qAq,  which  dissolve  easily  in  cold  water,  and  are 
partly  deposited’ again  when  the  solution  is  heated.  Prismatic  crystals 
have  been  obtained  of  E'a,Sn03.ioAq,  like  Na2C03.ioAq.  Most  normal 
salts  of  the  alkalies  also  cause  a separation  of  sodium  stannate  from  its 
aqueous  solution.  The  solution  of  sodium  stannate  has,  like  the  silicate, 
a strong  alkaline  reaction,  and  when  neutralised  by  an  acid,  yields  a 
precipitate  of  stannic  acid,  Ii2Sn03,  or  SnO(HO),.  If  the  solution  of 
sodium  stannate  be  added  to  an  excess  of  hydrochloric  acid,  the  stannic 
acid  remains  in  solution,  and  if  the  liquid  be  dialysed  (see  page  114),  a 
]elly  is  first  formed,  which  gradually  liquefies  as  the  sodium  chloride 
diffuses  away,  and  eventually  a pure  aqueous  solution  of  stannic  acid  is 
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obtained,  which  is  very  easily  gelatinised  by  the  addition  of  a minute 
quantity  of  hydrochloric  acid,  or  of  some  neutral  salt.  The  great  simi- 
larity between  stannic  and  silicic  acids  is  here  very  remarkable.  When 
heated,  stannic  acid  is  converted  into  metastannic  anhydride  (SnjJO10). 

Metastannic  acid,  H10Sn5O15  (dried  at  ioo°  C.),  is  obtained  as  a white  crystalline 
hydrate  (with  5Aq)  when  tin  is  oxidised  by  nitric  acid ; when  washed  with  water 
and  dried  by  exposure  to  air,  it  has  the  above  composition.  When  heated,  it 
assumes  a yellowish  colour,  and  a hardness  resembling  that  of  powdered  tin-stone. 
Putty  powder,  used  for  polishing,  consists  of  metastannic  anhydride ; as  found  in 
commerce,  it  generally  contains  much  oxide  of  lead.  Metastannic  acid  is  insoluble 
in  water  and  diluted  acids,  and  when  fused  with  hydrated  alkalies,  is  converted 
into  a soluble  stannate  ; but  if  boiled  with  solution  of  potash  it  is  dissolved  in  the 
form  of  potassium  metastannate,  which  will  not  crystallise,  like  the  stannate,  but 
is  obtained  as  a granular  precipitate  by  dissolving  potassium  hydrate  in  its  solu- 
tion. This  precipitate  has  the  composition  K2Sn50„.4Aq ; it  is  very  soluble  in 
water,  and  is  strongly  alkaline.  When  it  is  heated  to  expel  the  water,  it  is  de- 
composed, and  the  potash  may  be  washed  out  with  water,  leaving  metastannic 
anhydride.  The  sodium  metastannate,  Na2S50,,.4Aq,  has  also  been  obtained  as 
a sparingly  soluble  crystalline  powder,  by  the  action  of  cold  sodium  hydrate  on 
metastannic  acid.  The  metastannic  acid  may  be  distinguished  from  stannic  acid 
by  the  action  of  stannous  chloride,  which  converts  it  into  the  yellow  metastannate 
of  tin  (SnSn5011.4Aq). 

Stannate  of  tin  is  obtained  as  a yellowish  hydrate  by  boiling  stannous  chloride 
with  ferric  hydrate;  Fe203  + 2SnCl2  = SnSn03  + 2FeCl2.  It  is  sometimes  written 
Sn._,03,  and  called  sesquioxide  of  tin. 

Stannous  nitrate,  Sn(N03)2,  is  formed  when  tin  is  dissolved  in  cold  very  dilute 
nitric  acid  ; Sn4+  ioHN03=4Sn(N03)2+NH4N03  + 3ll„0.  It  forms  a yellow  solu- 
tion, which  absorbs  oxygen  and  deposits  Sn02. 

Stannic  nitrate,  Sn(N03)4,  has  been  crystallised  from  a solution  of  stannic  acid 
in  nitric  acid. 

252.  Chlorides  of  tin. — The  two  chlorides  of  tin  correspond  in 
composition  to  the  oxides. 

Stannous  chloride,  or  protochloride  of  tin  (SnCl.,),  is  much  used  by  dyers 
and  calico-printers,  and  is  prepared  by  dissolving  tin  in  hydrochloric 
acid,  when  it  is  deposited,  on  cooling,  in  lustrous  prismatic  needles 
(SnCl„.2  Aq)  known  as  tin  crystals  or  salts  of  tin.  In  vacuo,  over  H2S04, 
they  become  SnCl2.  The  solution  of  the  tin  is  generally  effected  in  a 
copper  vessel,  in  order  to  accelerate  the  action  by  forming  a voltaic 
couple,  of  which  the  tin  is  the  attacked  metal.  When  gently  heated, 
the  crystals  lose  their  water,  and  are  partly  decomposed,  some  hydro- 
chloric acid  being  evolved  (SnCl„  + IT„0  = SnO  + 2HGI) ; but  at  a higher 
temperature,  a great  part  of  the  chloride  irny  be  distilled  in  the  anhy- 
drous state.  The  crystallised  stannous  chloride  dissolves  in  about  one- 
third  of  its  weight  of  water,  but  if  much  water  be  added,  a precipitate 
of  stannous  hydroxy  chloride,  2Sn(OH)Cl.Aq,  is  formed,  which  dissolves 
on  adding  HC1.  A moderately  dilute  solution  of  stannous  chloride 
absorbs  oxygen  from  the  air,  and  deposits  the  hydroxychloride,  leaving 
stannic  chloride  in  solution;  3S11CI.,  + II  ,0  + O = SnCl,  + 2Sn(OII)Cl. 
If  the  solution  contains  much  free  hydrochloric  acid,  it  remains  clear, 
being  entirely  converted  into  stannic  chloride.  A strong  solution  of 
the  chloride  is  not  oxidised  by  the  air,  and  the  weak  solution  may  be 
longer  preserved  in  contact  with  metallic  tin.  Stannous  chloride  has  a 
great  attraction  for  chlorine  as  well  as  for  oxygen,  and  is  frequently 
employed  as  a de-oxidising  or  de-ch  lor  mating  agent.  Tin  may  be  pre- 
cipitated from  stannous  chloride  by  the  action  of  zinc,  in  the  form  of 
minute  crystals.  A very  beautiful  tin  tree  is  obtained  by  dissolving 
granulated  tin  in  strong  hydrochloric  acid,  with  the  aid  of  heat,  in  the 
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proportion  of  8 measured  oz.  of  acid  to  1000  grs.  of  tin,  diluting  the  solu- 
tion with  four  times  its  bulk  of  water,  and  introducing  a piece  of  zinc. 

Stannous  chloride  is  also  obtained  by  heating  tin  in  HC1  gas,  or  by 
distilling  tin  with  mercuric  chloride ; Sn  + HgCl,  = SnCl2  + Hg.  The 
mercury  distils  over,  leaving  the  stannous  chloride  as  a transparent 
vitreous  mass  which  fuses  at  250°  C.,  and  boils  at  61 8°  C.  Above 
S8o°  C.  the  density  of  its  vapour  is  94.5  (H=i),  agreeing  with  the 
formula  SnCl2,  but  below  700°  C.  it  is  189,  corresponding  to  Sn2Cl4. 

Stannic  chloride,  or  tetrachloride  of  tin  (SnCl4),  is  obtained  in  solution 
when  tin  is  heated  with  hydrochloric  and  nitric  acids ; for  the  use  of 
the  dyer,  the  solution  ( nitromuriate  of  tin ) is  generally  made  with 
chloride  of  ammonium  (sal-ammoniac)  and  nitric  acid.  The  anhydrous 
tetrachloride  is  obtained  by  heating  tin  in  a current  of  dry  chlorine, 
when  combination  takes  place  with  combustion,  and  the  tetrachloride 
distils  over  as  a heavy  (sp.  gr.  2.28)  colourless  liquid,  volatile  (boiling 
point,  240°  F.,  116°  C.),  and  giving  suffocating  white  fumes  in  the  air. 
When  mixed  with  a little  water,  energetic  combination  takes  place,  and 
three  crystalline  compounds  may  be  produced,  containing  three,  five, 
and  eight  molecules  of  water.  A large  quantity  of  water  causes  pre- 
cipitation of  stannic  acid.  The  commercial  crystals  are  SnCl4.5Aq.  The 
anhydrous  chloride  is  also  obtained  by  distilling  tin  with  an  excess  of 
mercuric  chloride;  S11  + 2lIgCl2  = SnCJl4  + Ilg, ; but  here,  the  result  is 
■opposite  to  that  in  the  case  of  stannous  chloride,  as  the  stannic  chloride 
distils  over  before  the  mercury.  Stannic  chloride  forms  crystallisable 
double  salts  with  the  alkaline  chlorides.  Pink  salt,  used  by  dyers,  is  a 
compound  of  stannic  chloride  with  chloride  of  ammonium,  2NH4Cl.SnCl4; 
it  is  colourless,  but  is  used  in  dyeing  red  with  madder.  The  compound 
2HCl.SnCl4.6Aq  has  been  obtained  in  crystals. 

Stannic  bromide,  SnBr4,  is  crystalline,  fuses  at  30°  0.,  and  boils  at 
2010  0.  It  dissolves  in  water  without  immediate  decomposition. 

253.  Sulphides  oftin. — The  protosulphide,  or  stannous  sulphide  (SnS), 
may  be  easily  prepared  by  heating  tin  with  sulphur,  when  it  forms  a 
grey  crystalline  mass.  It  is  also  obtained  as  a dark  brown  precipitate 
by  the  action  of  hydrosulphuric  acid  upon  a solution  of  stannous  chloride. 
Stannous  sulphide  is  not  dissolved  by  alkalies  unless  some  sulphur  be 
added,  which  converts  it  into  stannic  sulphide.  It  dissolves  in  hot 
strong  HC1. 

Bisidphide  of  tin,  or  stannic  sulphide  (SnS„),  is  commonly  known  as 
mosaic  gold  or  bronze  powder * and  is  used  for  decorative  purposes.  It 
cannot  be  made  by  heating  tin  with  sulphur,  because  it  is  decomposed 
by  heat  into  SnS  and  S.  It  is  prepared  by  a curious  process,  which 
was  devised  in  1771,  and  must  have  been  the  result  of  a number  of 
trials.  1 2 parts  by  weight  of  tin  are  dissolved  in  6 parts  of  mercury ; 
the  brittle  amalgam  thus  obtained  is  powdered  and  mixed  with  7 parts 
of  sulphur  and  6 of  sal-ammoniac.  The  mixture  is  introduced  into  a 
Florence  flask,  which  is  gently  heated  in  a sand-bath  as  long  as  any 
smell  of  hydrosulphuric  acid  is  evolved ; the  temperature  is  then  raised 
to  dull  redness  until  no  more  fumes  are  disengaged.  The  mosaic  gold 
is  found  in  beautiful  yellow  scales  at  the  bottom  of  the  flask,  and 
sulphide  of  mercury  and  calomel  are  deposited  in  the  neck.  The 

* Bronze  powder  is  also  made  by  powdering  finely  laminated  alloys  of  copper  and  zinc, 
a little  oil  being  used  to  prevent  oxidation. 
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mercury  appears  to  be  used  for  effecting  the  fine  division  of  the  tin 
and  the  sal-ammoniac  to  keep  down  the  temperature  (by  its  volatilisa- 
tion) below  the  point  at  which  the  stannic  sulphide  is  convei'ted  into 
stannous  sulphide. 

Mosaic  gold,  like  gold  itself,  is  not  dissolved  by  hydrochloric  or  nitric 
acid,  but  easily  by  aqua  regia.  Alkalies  also  dissolve  it  when  heated. 
On  adding  hydrosulphuric  acid  to  a solution  of  stannic  chloride  the 
stannic  sulphide  is  obtained  as  a yellow  precipitate,  which  is  sometimes 
formed  only  on  boiling.  It  dissolves  easily  in  alkalies  and  alkaline 
sulphides,  forming  sulphostannates.  The  sodium  salt,  ISTa.SnS  .2H0 
has  been  crystallised  in  yellow  octahedra.  When  fused  with'iodine  SnS’ 
forms  SnS  J.„  a fusible  yellow  body  which  does  not  lose  iodine  ’when 
heated,  and  dissolves  111  carbon  disulphide,  forming  a brown  solution 
which  deposits  red  crystals  like  potassium  dichromate  ; these  are  decom- 
posed by  boiling  with  water,  yielding  SnO,,  sulphur,  iodine,  and  III 

Tin  pyrites  contains  either  SnS  or  SnS.„  or  both,  accompanied ‘by 
sulphides  of  copper  and  iron.  J 

Stannic  sulphate,  Sn(SOJ.„  is  left  as  a white  mass  when  tin  is  boiled 
to  dryness  with  sulphuric  acid. 

Stannic  phosphate,  Sn3(P04)4,  is  insoluble  in  nitric  acid,  and  is  some- 
times used  in  separating  phosphoric  acid  in  quantitative  analysis. 

Stannic  arsenate  is  left  in  the  residue  obtained  by  oxidising1  allovs 
containing  tin  and  arsenic  with  nitric  acid.  ° " 

Tin  is  very  closely  connected  with  silicon  by  the  composition,  hard- 
ness, and  insolubility  of  SnO,,  and  by  the  characters  of  SnCl  . Arnold 

? 18  TfP1CrUS  by  thG  feeb1^  basic  character  of  its  oxides  and 
by  the  powerful  reducing  properties  of  S11CI,. 

sh?p4toMnAused  ^ht)’  wMch  stands  in  close  chemical  relation- 

: generally  found  is  titanic  oxide  for  anhydride 1 ('Tin  > wnich  it  is 

I this  mineral  contain  40  per  cent  of  Same ntvm  Zealand‘  . S°me  specimens  of 
‘titanic  oxide  from  it  in  r 1 ‘ uc  oxide  as  fenous  titanate.  To  extract 

to  dryness  when  the  ti+nnie  i b"  drochlonc  amd,  and  the  solution  evaporated 
verted  hito  rheTnsSlnhle  ^ f !’  aud  anJ  silica  which  may  be  present,  are  con- 
with  dilute  hydrochloric  acid1-  the?esi  fnd.are  leJfc  °n  Resting  the  residue  again 
for  titanic  oxick  easilv  Sf  res\du°  13  ivashcd  with  water  (by  decantation, 

heat  with  bisulphate  of  otSiH  r'^hoAf  dlJcdl,  and  fl,sed  at  a 

titanic  oxide,  which^nay  be  extracted  bvAlrfv^t  a “M*  compound  with  the 
The  solution  containing  ti1P tTw  b7  cold  water,  leaving  the  silica  undissolved, 
volume  of  water and  bmied  1 °Xld°  15  mixed  with  about  twenty  times  its 
as  a white  precipitate  exhihitf  S°me  tiraeh.when  the  titanic  oxide  is  separated 
surface  of  the  flask  in  ^ gFeat  deposition  to  cling  as  a film  to  the 

of  being  corroded  " The  titan^oSd^h11 1S  b°Ue?;  and  £ivin£  ifc  the  appearance 

white  again  on  cooliim  • it  does  I ’16?"163  ye  low  wheu  stron^  Seated,  and 
o , it  does  not  dissolve  in  solution  of  potash  like  silica,  but 

* The  mineral  peroicskite  is  CaO.TiOs. 
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when  fused  with  potash  it  forms  a titanate,  which  is  decomposed  by  water ; the 
acid  titanate  of  potassium  which  is  left  may  be  dissolved  in  hydrochloric  acid, 
and  if  the  solution  be  neutralised  with  ammonium  carbonate,  hydrated  titanic 
acid  is  precipitated,  very  much  resembling  alumina  in  appearance.  By  dissolving 
the  gelatinous  hydrate  in  cold  hydrochloric  acid,  and  dialysing,  a solution  of 
titanic  acid  in  water  is  obtained,  which  is  liable  to  gelatinise  spontaneously  if  it 
contains  more  than  1 per  cent,  of  the  acid. 

Titanic  acid  is  employed  in  the  manufacture  of  artificial  teeth,  and  for  impart- 
ing a straw-yellow  tint  to  the  glaze  of  porcelain. 

If  a mixture  of  titanic  acid  and  charcoal  be  heated  to  redness  in  a porcelain 
tube,  through  which  dry  chlorine  is  passed,  titanium  tetrachloride  (liCl4)  is 
obtained  as  a colourless  volatile  liquid,  very  similar  to  tetrachloride  of  tin.  By 
passing  the  vapour  of  the  tetrachloride  over  heated  sodium,  the  metallic  titanium 
is  obtained  in  prismatic  crystals  resembling  specular  iron  ore  in  appearance.  Like 
tin,  it  is  said  to  dissolve  in  hydrochloric  acid  with  liberation  of  hydrogen.  The 
most  remarkable  chemical  feature  of  titanium  is  its  direct  attraction  for  nitrogen, 
with  which  it  combines  when  strongly  heated  in  air.  By  passing  ammonia  gas 
over  titanic  oxide  heated  to  redness,  a yellow  powder  is  formed,  which  is  a nitride 
of  titanium  (Ti„N„).  When  suspended  in  water,  it  is  blue  by  transmitted  and 
yellow  by  reflected  light.  Ti„N4,  corresponding  to  TiCl,,  is  also  known.  Beautiful 
cubes  of  a copper  colour  and  great  hardness,  formerly  believed  to  be  metallic 
titanium,  are  found  adhering  to  the  slags  of  blast  furnaces  in  which  titaniferous 
iron  ores  are  smelted ; these  contain  about  77  per  cent,  of  titanium,  18  of  nitrogen, 
and  rather  less  than  4 of  carbon,  and  are  believed  to  consist  of  a compound  of 
cyanide  with  nitride  of  titanium,  TiCy2. 3Ti8N2.  A similar  compound  is  obtained  by 
passino-  nitrogen  over  a mixture  of  titanic  oxide  and  charcoal  heated  to  whiteness. 

Violet-coloured  crystals  of  titanium  trichloride  (TiCl3)  are  obtained  by  passing 
hydrogen  charged  with  vapour  of  the  tetrachloride  through  a red-hot  porcelain 
tube  ; it  forms  a violet  solution  in  water,  which  resembles  stannous  chloride  in 

its  reducing  properties.  . 

Titanium  dichloride,  TiCl,,  is  obtained  by  heating  the  trichloride  to  dull  redness 
in  hydrogen.  It  is  a black  solid  which  quickly  absorbs  moisture,  and  takes  hre 
if  water  lie  dropped  upon  it.  When  dissolved  in  water  or  alcohol,  it  evolves 
hydrogen  from  them.  Bromine-combines  with  it,  causing  much  heat,  and  forrn- 
ino-  TiClJBr.,.  The  dichloride  volatilises  in  hydrogen  without  fusing,  and  if  cooled 
inhydrogen  it  occludes  the  gas,  and  takes  fire  on  exposure  to  air.  It  glows 
when  heated  on  platinum,  evolving  TiCl,,  and  leaving  a residue  of  TiO  . 

When  a solution  of  titanic  oxide  (or  acid  titanate  of  iiotassium)  in  hydrochloric 
acid  is  acted  on  by  zinc,  a violet  solution  is  formed,  which  deposits,  after  a time, 
a blue  (or  green)  precipitate  ; this  appears  to  be  a sesquioxule  of  titanium  (Ii.2U3), 
and  rapidly  absorbs  oxygen  from  the  air,  being  converted  into  titanic  oxide. 
This  oxide  is  also  obtained  in  the  preparation  of  TiCl2  unless  air  be  very _ carefully 
excluded.  It  then  forms  small  shining  copper-coloured  crystals  with  a violet 
reflection  which  have  the  same  crystalline  form  as  specular  iron  ore  (Fe.,03). 
Ti  0 is  a basic  oxide.  The  sulphate  Ti2(S04)3.8Aq  crystallises  from  the  violet 
solution  obtained  by  dissolving  titanium  in  sulphuric  acid.  Nitric  acid  oxidises 
it  to  titanic  sulphate,  Ti(S04)  ,3Aq,  which  forms  a yellowish,  transparent,  deliques- 
cent mass.  The  potassio-titanic  sulphate,  KaTi(S04)s.3Aq,  is  formed  when  li02  is 
fused  with  KHSO,.  A titanous  oxide  (TiO)  is  said  to  be  obtained  as  a black 
nowder  when  titanic  oxide  is  strongly  heated  in  a crucible  lined  with  charcoal. 

1 Titanium  disulphide  is  not  precipitated,  like  tin  disulphide,  when  liydrosul- 
phuric  acid  acts  upon  the  tetrachloride ; but  if  a mixture  of  the  vapour  of  tita- 
nium tetrachloride  with  hydrosulphuric  acid  is  passed  through  a red-hot  tube, 
o-reenish-yellow  scales  of  the  disulphide,  resembling  mosaic  gold,  arc  deposited. 
s Titanium  like  tin,  is  classed  among  the  tetrad  elements. 

_cc  rp  ’ TEN  (W=  184)  is  chiefly  found  in  the  mineral  icolfram,  which  occurs 

often  associated  with  tin-stone,  in  large  brown  shining  prismatic  crystals,  which 
eveXavfer  Oulo  tin-stone  (Bp.  gr.  7-3),  from  which  circumstance  the - metal 

tungstate  of  calcium  (CaW04),  is  another  mineral  in  which  tungsten  is  found.  A 
tungstate  of  copper  has  been  found  m Chili. 
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Tungstate  of  sodium  is  employed  by  calico-printers  as  a mordant,  and  is  some- 
times applied  to  muslin,  in  order  to  render  it  uninflammable.  It  is  obtained  by 
fusing  wolfram  with  sodium  carbonate,  an  operation'  to  which  tin  ores  containing 
this  mineral  in  large  quantity  are  sometimes  submitted  previously  to  smelting 
them.  Water  extracts  the  sodium  tungstate,  which  may  be  crystallised  in 
rhomboidal  plates  having  the  composition  Na2W04.2Aq.  When  a solution  of  this 
salt  is  mixed  with  an  excess  of  hydrochloric  acid,  white  hydrated  tungstic  acid 
(H2W04.Aq)  is  precipitated,  while  ' hot  solutions  give  a yellow  precipitate  of 
H.WO, ; but  if  dilute  hydrochloric  acid  be  carefully  added  to  a 5 per  cent,  solu- 
tion of  sodium  tungstate  in  suflicient  proportion  to  neutralise  the  alkali,  and  the 
solution  be  then  dialysed  (page  1 14),  the  sodium  chloride  passes  through,  and  a 
pure  aqueous  solution  of  tungstic  acid  is  left  in  the  dialyser.  This  solution  is 
unchanged  by  boiling,  and  when  evaporated  to  dryness,  it  forms  vitreous  scales, 
like  gelatin,  which  adhere  very  strongly  to  the  dish.  It  redissolves  in  one-fourth 
of  its  weight  of  water,  forming  a solution  of  the  very  high  specific  gravity  3.2, 
which  is,  therefore,  able  to  float  glass.  The  solution  has  a bitter  and"  astringent 
taste,  and  decomposes  sodium  carbonate  with  effervescence.  It  becomes  green 
when  exposed  to  air,  from  the  de-oxidising  action  of  organic  dust.  When  tung- 
stic acid  is  heated,  it  loses  water,  and  becomes  of  a straw-yellow  colour,  and 
insoluble  in  acids.  There  are  at  least  two  modifications  of  tungstic  acid,  which 
bear  to  each  other  a relation  similar  to  that  between  stannic  and  metastannic 
acids. 

Barium  tungstate  has  been  employed  as  a substitute  for  white  lead  in  painting. 

The  most  characteristic  property  of  tungstic  acid  is  that  of  yielding  a blue 
oxide  (W0.,W03),  when  placed  in  contact  with  hydrochloric  acicl  and  metallic 
zinc. 

A very  remarkable  compound  containing  tungstic  acid  and  soda  is  obtained 
when  sodium  ditungstate  (Na2W20r4H20)  is  fused  with  tin.  If  the  fused  mass  be 
treated  with  strong  potash,  to  remove  free  tungstic  acid,  washed  with  water,  and 
treated  with  hydrochloric  acid,  yellow,  lustrous,  cubical  crystals  are  obtained, 
which  are  remarkable,  among  sodium  compounds,  for  their  resistance  to  the 
action  of  water,  of  alkalies,  and  of  all  acids  except  hydrofluoric.  The  composi- 
tion of  these  crystals  appears  to  be  Na20.W02.2W03.  It  is  called  gold-bronze. 
The  corresponding  potassium  salt  is  violet  bronze. 

The  tungstoborates  are  remarkable  salts  containing  W03  and  B.,0:i,  combined 
with  metallic  oxides.  Their  solutions  have  a very  high  specific  gravity ; that  of 
cadmium  tungstoborate  has  the  sp.  gr.  3.6,  and  is  used  to  effect  the  mechanical 
separation  of  minerals  of  different  specific  gravities.  Thus,  a diamond  (sp. 

eff-  3'5)  would  float ; whilst  a white  sapphire  (sp.  gr.  4.0)  would  sink  in  the  solu- 
tion. 

The  tungsten  dioxide  (W  0.,)  appears  to  be  an  indifferent  oxide,  and  is  obtained 
by  reducing  tungstic  anhydride  with  hydrogen  at  a low  red  heat,  when  it  forms 
a biown  powder  which  is  dissolved  by  boiling  in  solution  of  potash,  hydrogen 
being  evolved,  and  potassium  tungstate  formed. 

Metallic  tungsten  is  obtained  by  reducing  tungstic  anhydride  with  charcoal  at  a 
white  heat,  as  an  iron-grey  infusible  metal  of  sp.  gr.  17.6,  very  hard,  not  affected 
■ hydrochloric  or  diluted  sulphuric  acid,  but  converted  into  tungstic  acid  by  the 
action  of  nitric  acid.  When  tungsten  is  dissolved  in  about  ten  times  its  weight 
ot  tused  steel,  it  forms  an  extremely  hard  alloy. 

\Y  hen  tungsten  is  heated  in  chlorine,  the  tungstic  chloride  (WC16)  sublimes  in 
bronze-coloured  needles.  When  gently  heated  in  hydrogen,  it  is  converted  into 
he  tetrachloride  ( WC1.,),  but  if  its  vapour  be  mixed  with  hydrogen  and  passed 
thiough  a glass  tube  heated  to  redness,  metallic  tungsten  is  obtained  in  a form 
in  w hich  it  is  not  dissolved  even  by  aqua  regia,  though  it  may  be  converted  into 
potassium  tungstate  by  potassium  hypochlorite  mixed  with  potash  in  excess. 
H Cl6  is  also  obtained  in  steel-blue  needles,  together  with  WOOL  and  W0.,C1„  by 
the  action  of  PC15  on  W0„.  - - J 

Tungsten  disulphide  (WS2)  is  a black  crystalline  substance  resembling  plum- 
iago,  obtained  by  heating  a mixture  of  potassium  ditungstate  with  sulphur,  and 
washing  with  hot  water.  Tungsten  trisulphide  (WS3)  is  a sulphur-acid,  obtainable 
as  a brown  precipitate  by  dissolving  tungstic  acid  in  an  alkaline  sulphide,  and 
precipitating  by  an  acid. 

Niobium  (Nb=94)  (formerly  called  columbium)  has  been  obtained  from  a 
aie  dark  grey,  hard,  crystalline  mineral  known  as  columbite,  occurring  in  Massa- 
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ehusetts.  This  mineral  contains  niobic  oxide  (Nb205)  combined  with  the  oxides  oi' 
iron  and  manganese. 

The  niobic  oxide  is  extracted  by  a laborious  process,  and  forms  a white  powder, 
sparingly  soluble  in  hydrochloric  acid.  Niobium  itself  has  been  obtained  as  a 
lustrous  steel-grey  powder  insoluble  in  nitric  acid  and  in  aqua  regia,  but  dissolved 
by  a mixture  of  nitric  and  hydrofluoric  acids,  and  by  strong  sulphuric  acid. 
When  heated  in  air,  it  burns  to  NbaO..  It  forms  two  chloi  ides,  NbClj  and  NbCb, 
and  some  remarkable  crystalline  compound's  containing  niobium,  carbon,  anil 
nitrogen.  Niobic  oxide  is  an  acid  oxide.  Yttrium  niobate,  Y203.Nb20s,  forms 
the  mineral  Fergusonite.  Other  mineral  niobates  are  Euxenite,  henneu  state, 

Hatchett olite,  and  Rogersite.  . , . , . 

Tantalum , formerly  believed  to  be  identical  with  niobium,  occurs  m the  taatal- 
ite  and  yttrotantalite  of  Sweden,  which  contain  tantalic  oxide  (Ta205)  combined 
with  ferrous  and  manganous  oxides. 

Niobium  and  tantalum  have  recently  been  found  to  the  amount  of  2 01  3 pei 
cent,  in  the  tin  ore  of  Montebras.  The  compounds  of  niobium  and  tantalum 
resemble  each  other  very  closely. 


COPPER. 

Cu"  = 63.5  parts  by  weight. 

2 37-  Metallic  copper  is  met  with  in  nature  more  abundantly  than 
metallic  iron,  though  the  compounds  of  the  latter  metal  are  of  more 
frequent  occurrence  than  those  of  the  former*  A very  important  vein 
of  metallic  copper,  of  excellent  quality,  occurs  near  Lake  Superior  m 
North  America,  from  which  6000  tons  were  extracted  m 1050.  Metal  ic 
copper  is  also  sometimes  found  in  Cornwall,  and  cower  sancl,  containing 
metallic  copper  and  quartz,  is  imported  from  Chili. 

Ores  of  copper. — The  most  important  English  ore  of  copper  is  copper 
nitrites  which  is  a double  sulphide,  containing  copper,  iron,  and  sulphur 
in  the  proportions  indicated  by  the  formula  CuFeS2.  It  may  be  known 
by  its  beautiful  brass-yellow  colour  and  metallic  lustre  C opper  p\  rites 
is  found  in  Cornwall  and  Devonshire,  and  is  generally  associated  with 
arsenical  pyrites  (FeS2.FeAs2),  tin-stone  (SnOs),  quartz,  fluor  spar,  and 
clay  A very  attractive  variety  of  copper  pyrites  is  called  vai  legatee 
copper  ore  or  peacock  copper,  in  allusion  to  its  rainbow  colours  ; its 
simplest  formula  is  Cu8FeS8.  This  variety  is  found  111  Cornwall  and 

^ Copper  glance  (Cu,S)  is  another  Cornish  ore  of  copper,  of  a dark  gre> 

colour  and  feeble  metallic  lustre. 

Grey  copper  ore,  also  abundant  in  Cornwall,  is  essentially  a compouiu 
of  the  sulphides  of  copper  and  iron  with  those  of  antimony  and  arsenic, 
but  it  often  contains  silver,  lead,  zinc,  and  sometimes  mercury 

Malachite,  a basic  carbonate  of  copper,  is  imported  from  Austin  ha 
(Burra  Burral,  and  is  also  found  abundantly  111  Siberia.  Green  ma  a- 
chite,  the  most  beautifully  veined  ornamental variety,  has  the  composi- 
,•  (inr<o  CufOHL,  and  blue  malachite  is  2CuC03.Cu(0H),. 

Red^Pjw  3*  (o£o)  is  found  in  West  Cornwall,  and  the  black  oxide 

if! n Ol  is  abundant  in  the  north  of  Chili.  _ , . , • 

2 38  The  seat  of  English  copper-smelting  is  at  Swansea,  wlucli  is 
situated  in  convenient  proximity  to  the  anthracite  coal  employed  in  the 

• Copper  is  not  at  AffSSoM 

the  remarkable  observation  that  the  icit^om  of  cop^el.  It  has  also  been 
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furnaces.  The  chemical  process  by  which  copper  is  extracted  from  the 
ore  includes  three  distinct  operations — (1)  the  roasting,  to  expel  the 
arsenic  and  part  of  the  sulphur,  and  to  convert  the  sulphide  of  iron  into 
oxide  of  iron  ; (2)  the  fusing  with  silica,  to  remove  the  oxide  of  iron  as 
silicate,  and  to  obtain  the  copper  in  combination  with  sulphur  only  ; and 
{3)  the  roasting  of  this  combination  of  copper  with  sulphur,  in  order  to 
expel  the  latter  and  obtain  metallic  copper. 

The  details  of  the  smelting  process  appear  somewhat  complicated, 
because  it  is  divided  into  several  stages  to  allow  of  the  introduction  of  the 
different  varieties  of  ore  to  be  treated.  Thus,  the  first  roasting  process 
is  unnecessary  for  the  oxides  and  carbonates  of  copper,  and  the  fusion 
with  silica  is  not  needed  for  those  ores  which  are  free  from  iron,  so  that 
they  may  be  introduced  at  a later  stage  in  the  operations. 

(r)  Calcining  or  roasting  the  ore  to  expel  arsenic  and  part  of  the  sul- 
phur.— The  ores  having  been  soited,  and  broken  into  small  pieces,  are 
mixed  so  as  to  contain  from  8 to  10  per  cent,  of  copper,  and  roasted,  in 
quantities  of  about  three  tons,  for  at  least  twelve  hours,  on  the  spacious 


Fig.  24.7. 


hearth  (H,  fig.  248)  of  a reverberatory  furnace  (fig.  247)  at  a tempera- 
ture insufficient  for  fusion,  being  occasionally  stirred  to  expose  them 
freely  to  the  action  of  the  air,  which  is 
admitted  into  the  furnace  through  an 
•opening  (0)  in  the  side  of  the  hearth 
upon  which  the  ore  is  spread.  The 
■oxygen  of  the  air  converts  a part  of  the 
sulphur  into  SO.,,  and  the  bulk  of  the  [ 

As  into  As,,03,  which  passes  off  in  the  ‘ 
form  of  vapour.  A part  of  the  sulphide 
of  iron  is  converted  into  ferrous  sul- 
phate (FeSOJ  by  absorbing  oxygen  at 
an  early  stage  of  the  process,  and  this 
sulphate  is  afterwards  decomposed  at  a 
higher  temperature,  evolving  SO.,  and  SO.,,  and  leaving  oxide  of  iron. 
A portion  of  the  sulphide  of  copper  is  also  converted^  into  oxide  of 
•copper  during  the  roasting,  so  that  the  roasted  ore  consists  essentially  of 
a mixture  of  oxide  and  sulphide  of  copper  with  oxide  and  sulphide  of  iron. 
Since  the  sulphide  of  iron  is  more  easily  oxidised  than  sulphide  of  copper, 
the  greater  part  of  the  latter  remains  unaltered  in  the  roasted  ore. 

During  the  roasting  of  copper  ore  dense  white  fumes  escape  from  the 
furnaces.  This  copper  smoke,  as  it  is  termed,  contains  As.,0.(,  SO.,,  SO.,, 

n n 2 


Fig.  248. 


METALLURGY  OF  COPPER. 


372 

and  HF,  the  latter  being  derived  from  the  fluor  spar  associated  with  the- 
ore  • if  allowed  to  escape,  these  fumes  seriously  contaminate  the  air  in 
the/  neighbourhood,  so  that  they  are  usually  condensed  in  flues  and 

rain-chambers  by  showers  of  water. 

( 2 ) Fusion  for  coarse  metal  to  remove  the  oxide  of  iron  by  dissolving,  it 
with  silica  at  a high  temperature. — The  roasted  ore  is  now  mixed  m it  1 

metal  slag  from  process  4,  and 
with  ores  containing  silica  and 
oxides  of  copper,  hut  no  sul- 
phur ; the  mixture  is  introduced 
into  the  ore  furnace  (fig.  249), 
and  fused  for  five  hours  at  a 
higher  temperature  than  that 
employed  in  tlie  previous  opera- 
tion. In  this  process  fluor  spar 
is  sometimes  added  in  order  to 
increase  the  fluidity  of  the  slag. 

The  oxide  of  copper  acts  upon 
the  sulphide  of  iron  still  con- 
tained in  the  roasted  ore,  with 
formation  of  sulphide  of  copper 
and  oxide  of  iron,  hut  since 
there  is  more  sulphide  of  iron 
present  than  the  oxide  of  copper 
can  decompose,  the  excess  of 
sulphide  of  iron  combines  with 
the  sulphide  of  copper  to  form 
a fusible  compound,  which 


Fig.  249. 


separates  from  the  slag,  and  collects  in  the  form  a matt  or  regulus r of 
coarse  metal,  in  a cavity  (C  on  the  hearth  of  the  furnace^  ^ is  ru 
out  into  a tank  of  water  (T)  in  order  to  granulate  it,  so  that  it  may  be 

better  fitted  to  undergo  the  next  operation.  . , 

The  oxide  of  iron  combines  with  the  silica  contained  m the  charge, 
to  form  a fusible  ferrous  silicate  ( ore-furnace  slag),  which  is  raked  out 
intoTotdds  of  sand,  and  cast  into  blocks  used  for  rough  bmldmg 

P' 'The'com pwition°!f  the  coarse  metal  corresponds  pretty  closely  with 
the  formula  CuFeS,.  It  contains  from  33  to  35  per  cent  of  coppei  > 
whilst  the  original  'ore,  before  roasting,  is  usually  sorted  so  that  it 

ma^he°oreTurnace  slag  is  approximately  represented  by  the  formula 
FeO  SiO  • but  it  contains  a minute  proportion  of  copper,  as  is  shown  b) 
r^nefflorescence  on  the  walls  in  which  it  is  use * -round  Swansea. 
..  . f nnartz  are  seen  disseminated  through  this  slag. 

F Calcination  of  the  coarse  metal  to  convert  the  greater  part  of  the 

oxide. — The  granulated  coarse  metal  is  roasted  at  a 
sulphice  of  1 for  twenty-four  hours,  as  in  the  first  operation, 

moderate  tempeiatum  . * decompose  the  sulphide  of  iron, 

f»™  me(d  t0  rmm  the  wh„U  of  the  irm  as  Mkatc.- 

The  lid  cLe  metal  iB  mixed  with  roaster  end  refinery  dags  from 
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processes  5 and  6,  and  with  ores  containing  carbonates  and  oxides  of 
copper,  and  fused  for  six  hours,  as  in  the  second  operation.  -Any 
sulphide  of  iron  which  was  left  unchanged  in  the  roasting  is  now 
converted  into  oxide  of  iron  by  the  oxide  of  copper,  the  latter  metal 
taking  the  sulphur.  The  whole  of  the  oxide  of  iron  combines  with  the 
silica  to  form  a fusible  slag,  the  composition  of  which  is  approximately 
represented  by  the  formula  3Fe0.2Si02. 

The  matt  or  regains  of  white  metal , which  collects  beneath  the  slag, 
is  nearly  pure  cuprous  sulphide  (Cu.,S),  half  the  sulphur  existing  in 
the  cupric  sulphide  (CuS)  having  been  removed  by  oxidation  in  the 
furnace.  The  white  metal  is  run  into  sand-moulds  and  cast  into  ingots. 
The  tin  and  other  foreign  metals  usually  collect  in  the  lower  part  of  the 
ingot,  so  that,  for  making  best  selected  copper,  the  upper  part  is  broken 
off  and  worked  separately,  the  inferior  copper  obtained  from  the  lower 
part  of  the  ingot  being  termed  tile-copper.  The  ingots  of  white  metal 
often  contain  beautiful  tufts  of  metallic  copper  in  the  form  of  copper  moss. 

The  slag  separated  from  the  white  metal  ( metal  slag)  is  much  more 
fluid  than  the  ore-furnace  slag,  and  contains  so  much  silicate  of  copper 
that  it  is  preserved  for  use  in  the  melting  for  coarse  metal. 

(5)  Roasting  the  ivhite  metal  to  remove  the  sulphur  and  obtain  blister 
copper. — The  ingots  of  white  metal  (to  the  amount  of  about  3 tons)  are 
placed  upon  the  hearth  of  a reverberatory  furnace,  and  heated  for  four 
hours  to  a temperature  just  below  fusion,  so  that  they  may  be  oxidised 
at  the  surface,  the  sulphur  passing  off  as  sulphurous  acid  gas,  and  the 
copper  being  converted  into  oxide.  During  this  roasting  the  greater 
part  of  the  arsenic,  generally  present  in  the  fine  metal,  is  expelled  as 
As,Or  The  temperature  is  then  raised,  so  that  the  charge  may  be 
completely  fused,  after  which  it  is  lowered  again  till  the  twelfth  hour. 
The  oxide  of  copper  now  acts  upon  the  sulphide  of  copper  to  form 
metallic  copper  and  sulphurous  acid  gas,  which  escapes,  with  violent 
ebullition,  from  the  melted  mass;  Cu2S  + 2CuO  = S02  + Cu4.  When 
this  ebullition  ceases,  the  temperature  is  again  raised  so  as  to  cause  the 
complete  separation  of  the  copper  from  the  slag,  and  the  metal  is  run 
out  into  moulds  of  sand.  Its  name  of  blister  copper  is  derived  from  the 
appearance  caused  by  the  escape  of  the  last  portions  of  SO,  from  the 
metal  when  solidifying  in  the  mould. 

The  slag  ( roaster  slag ) is  formed  in  this  operation  by  the  combination 
of  a part  of  the  oxide  of  copper  with  silica  derived  from  the  sand 
adhering  to  the  ingots,  and  from  the  hearth  of  the  furnace.  The  slag 
also  contains  the  silicates  of  iron  and  of  other  metals,  such  as  tin  and 
lead,  which  might  have  been  contained  in  the  white  metal.  This  slag 
is  used  again  in  the  melting  for  white  metal. 

(6)  Refining  to  remove  foreign  metals. — This  process  consists  in  slowly 
fusing  7 or  8 tons  of  the  blister  copper  in  a reverberatory  furnace,  so 
that  the  air  passing  through  the  furnace  may  remove  any  remaining 
sulphur  as  sulphurous  acid  gas,  and  may  oxidise  the  small  quantities  of 
iron,  tin,  lead,  &c.,  present  in  the  metal.  Of  course,  a large  proportion  of 
the  copper  is  oxidised  at  the  same  time,  and  the  cuprous  oxide,  together 
with  the  oxides  of  the  foreign  metals,  combine  with  silica  (from  the 
hearth  or  from  adhering  sand)  to  form  a slag  which  collects  upon  the 
surface  of  the  melted  copper.  A portion  of  the  cuprous  oxide  is  dis- 
solved by  the  metallic  copper,  rendering  it  brittle  or  dry  copper. 
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(7)  Toughening  or  'poling,  to  remove  a part  of  the  oxygen  and  bring  the 
copper  to  tough-pitch. — After  about  twenty  hours  the  slag  is  skimmed 
from  the  metal,  a quantity  of  anthracite  is  thrown  over  the  surface  to' 
prevent  further  oxidation,  and  the  metal  is  poled,  i.e.,  stirred  with  a 
pole  of  young  wood,  until  a small  sample,  removed  for  examination, 
presents  a peculiar  silky  fracture,  indicating  it  to  be  at  tough- pitch. 
when  it  is  cast  into  ingots. 

The  chemical  change  during  the  poling  appears  to  consist  in  the  re- 
moval of  the  oxygen  contained  in  the  cuprous  oxide  present  in  the 
metal,  by  the  reducing  action  of  the  combustible  gases  disengaged  from 
the  wood.  The  presence  of  a small  proportion  of  cuprous  oxide  is  said 
to  confer  greater  toughness  upon  the  metal,  so  that  if  the  poling  be 
continued  until  the  whole  of  the  oxygen  is  removed,  over-poled  copper 
of  lower  tenacity  is  obtained.  On  the  other  hand,  the  brittleness  of 
under-poled  copper  is  due  to  the  presence  of  cuprous  oxide  in  too  large 
proportion.  Tough-cake  copper  is  that  which  has  been  poled  to  the 
proper  extent. 

The  addition  of  about  0.07  per  cent,  of  phosphorus,  as  copper  phos- 
phide, before  the  final  poling,  shortens  the  process  and  increases  the 
density  of  the  metal.  The  copper  phosphide  is  made  by  dissolving 
about  7 per  cent,  of  phosphorus  in  melted  copper. 

When  the  copper  is  intended  for  rolling,  a small  quantity  (not 
exceeding  },  per  cent.. ) of  lead  is  generally  added  to  it  befoie  it  is  ladled 
into  the  ingot  moulds.  Apparently  the  oxide  of  lead  formed  by  the 
action  of  the  air  assists  in  removing  some  of  the  impurities  in  the 
form  of  slag  ( scorif  cation ). 

The  chemical  changes  which  take  place  during  the  above  processes 
will  be  more  clearly  "understood  after  inspecting  the  subjoined  table, 
which  exhibits  the  composition  of  the  products  obtained  at  different 
stages  of  the  process,  these  being  distinguished  by  the  same  numerals 
as  were  employed  in  the  above  description. 

Products  obtained  in  sm  elting  Ores  of  Copper. 


In  100  parts.  J Ore. 

Roasted 

Ore. 

Coarse 

Metal. 

Roasted 
Coarse  ; 
Metal. 

White 

Metal. 

Blister 

Copper. 

Refined 

Copper. 

Tough- 

pitch 

Copper. 

Copper  ..  • • 8.2 

Iron  • • • *7-9 

Sulphur  . • • !9-9 

Oxygen  . • • 10 

Silica  . • • 34-3 

(I) 

8.6 

17.6 

12.5 

4-5 

34-3 

(2) 

33-7 

33-6 

29.2 

(3) 

33-7 

33-6 

13.0 

1 1 .0 

(4) 

77-4 

0.7 

21.0 

(5) 

98.0 

0.5 

0.2 

(6) 

99-4 

trace 

trace 

0.4 

(7) 

99.6 

trace 

trace 

0.03 

Slags. 

Ore 

Furnace 

Metal. 

Roaster. 

Refinery 

Oxide  of  iron  (FeO)  • 

Suboxide  of  copper (Cu20) 

Silica 

(2) 

54-0 

o-5 

45-o 

... 

(4) 

56.0 

0.9 

33-S 

(5) 

28.0 

16.9 

47-5 

(6) 

31 

39-2 

47-4 

Blue  metal  is  the  term  applied  to  the  regains  of  white  metal  (from  process  4) 
TSn  contS  a considerable  proportion  of  sulphide  of  irou  cou- 
sequence  of  a deficient  supply  of  oxide  of  copper  111  the  furnace.  1 imple  metal  1. 
obtained  in  the  same  operation  when  the  oxide  of  copper  is  in  excess,  so  that  a 
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portion  of  the  copper  is  reduced,  as  in  process  5,  with  evolution  of  sulphurous 
acid  gas,  which  produces  the  pimply  appearance  in  escaping.  The  reduced 
copper  gives  a reddish  colour  to  the  pimple  copper.  Coarse  copper  is  a similar 
intermediate  stage  between  white  metal  and  blistered  copper.  Tile  copper  is 
that  extracted  from  the  bottoms  of  the  ingots  of  white  metal,  when  the  tops 
have  been  detached  for  making  best  select  copper,  llosette  or  rose  copper  is 
obtained  by  running  water  upon  the  toughened  metal,  so  as  to  enable  the  metal 
to  be  removed  in  films.  Aiujlesea  or  Mona  copper  is  a very  tough  copper,  reduced 
by  metallic  iron  from  the  blue  water  of  the  copper  mines,  which  contains  sulphate 
of  copper. 

A new  method  {Holhcay's  process)  has  recently  been  proposed  for  the  treatment 
of  cupreous  pyrites,  which  consists  in  blowing  air  through  it  in  a melted  state  in 
a Bessemer’s  converter  (p.  322),  when  the  combustion  of  the  sulphur  maintains  a 
very  high  temperature,  and  the  bulk  of  the  copper  sinks  to  the  bottom  as  aregulus, 
containing  comparatively  small  quantities  of  iron  and  sulphur,  whilst  the  iron  is 
converted  into  oxide,  which  forms  a slag  with  silica,  added  for  that  purpose.  The 
copper  regulus  contains  all  the  silver  and  gold  present  in  the  pyrites.  It  is  pro- 
posed to  utilise  the  S02resulting  from  the  combustion  of  the  sulphur,  by  convert- 
ing it  into  H.,S04. 

Much  copper  is  extracted  from  the  spent  pyrites  of  the  vitriol  works  (p.  203), 
which  sometimes  yields  about  3 per  cent.  It  is  converted  into  chloride  by  roast- 
ing the  pyrites  with  common  salt ; the  chloride  is  dissolved  out  by  water  and  the 
copper  precipitated  in  the  metallic  state  by  iron. 

259.  For  the  purpose  of  illustration,  copper  may  be  extracted  from  copper 
pyrites  on  the  small  scale  in  the  following  manner : — 

200  grains  of  the  powdered  ore  are  mixed  with  an  equal  weight  of  dried  borax, 
and  fused  in  a covered  earthen  crucible  (of  about  8 oz.  capacity),  at  a full  red 
heat  for  about  half  an  hour.  The  earthy  matters  associated  with  the  ore  are 
dissolved  by  the  borax,  and  the  pure  copper  pyrites  collects  at  the  bottom  of  the* 
crucible.  The  contents  of  the  latter  are  poured  into  an  iron  mould  (scorifying 
mould,  fig.  250),  and  when  the  mass  has  set,  it  is  dipped  into  water.  The  semi- 
metallic  button  is  then  easily  de- 
tached from  the  slag  by  a gentle 
blow ; it  is  weighed,  finely  powdered 
in  an  iron  mortar,  and  introduced 
into  an  earthen  crucible,  which  is 
placed  obliquely  over  a dull  fire,  so 
that  it  may  not  become  hot  enough 
to  fuse  the  ore,  which  should  be 
stirred  occasionally  with  an  iron  rod 
to  promote  the  oxidation  of  the 
sulphur  by  the  air.  When  the 
odour  of  SO..  is  no  longer  perceptible,  the  crucible  is  placed  in  a Sefstrlim’s  blast- 
furnace (fig.  244),  and  exposed  for  a few  minutes  to  a bright  red  heat,  in  order  to 
decompose  the  sulphates  of  iron  and  copper.  When  no  more  white  fumes  of  SO., 
are  perceived,  the  crucible  is  lifted  from  the  fire,  held  over  the  iron  mortar,  and 
the  roasted  ore  quickly  scraped  out  of  it  with  a steel  spatula.  This  mixture  of 
the  oxides  of  copper  and  iron  is  reduced  to  a fine  powder,  mixed  with  600  grains 
of  dried  carbonate  of  soda  and  60  grains  of  powdered  charcoal,  returned  to  the 
same  crucible,  covered  with  200  grains  of  dried  borax,  and  heated  in  a Sefstrom’s 
furnace  for  twenty  minutes.  The  crucible  is  then  allowed  to  cool,  and  carefully 
broken  to  extract  the  button  of  metallic  copper,  which  is  weighed  to  ascertain  the 
amount  contained  in  the  original  ore. 

260.  Effect  of  impurities  upon  the  quality  of  copper. — Tlie  information 
possessed  by  chemists  upon  this  subject  is  still  very  limited.  It  has  been 
already  mentioned  that  the  presence  of  a small  proportion  of  cuprous 
oxide  in  commercial  copper  is  found  to  increase  its  toughness.  It  is 
believed  that  copper,  perfectly  free  from  metallic  impurities,  is  not  im- 
proved in  quality  by  the  presence  of  the  oxide,  but  that  this  substance 
has  the  effect  of  counteracting  the  red-shortness  (see  p.  323)  of  com- 
mercial copper,  caused  by  the  presence  of  foreign  metals. 

Sulphur , even  in  minute  proportion,  appears  seriously  to  injure  the 
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malleability  of  copper.  Arsenic  is  almost  invariably  present  in  copper, 
very  frequently  amounting  to  o.i  per  cent.,  and  does  not  appear  to 
exercise  any  injurious  influence  in  this  proportion;  indeed,  its  presence 
is  sometimes  stated  to  increase  the  malleability  and  tenacity  of  the 
metal.  Phosphorus  is  not  usually  found  in  the  copper  of  commerce. 
When  purposely  added  in  quantity  varying  from  0.12  to  0.5  per  cent., 
it  is  found  to  increase  the  hardness  and  tenacity  of  the  copper,  though 
rendering  it  somewhat  red-short. 

Tin , in  minute  proportion,  is  also  said  to  increase  the  toughness  of 
copper,  though  any  considerable  proportion  renders  it  brittle.  Antimony 
is  a very  objectionable  impurity,  and  is  by  no  means  uncommon  in 
samples  of  copper.  Nickel  is  believed  to  injure  the  quality  of  copper 
in  which  it  occurs.  Bismuth  and  silver  are  very  generally  found  in 
marketable  copper,  but  their  effect  upon  its  quality  has  not  been  clearly 
determined.  All  impurities  appear  to  affect  the  malleability  and  tenacity 
of  copper  more  perceptibly  at  high  than  at  low  temperatures. 

The  conducting  power  of  copper  for  electricity  is  affected  in  an  extra- 
ordinary degree  by  the  presence  of  impurities.  Thus,  if  the  conducting 
power  of  chemically  pure  copper  be  represented  by  100,  that  of  the  very 
pure  native  copper  from  Lake  Superior  has  been  found  to  be  93,  that  of 
the  copper  extracted  from  the  malachite  of  the  Burra  Burra  mines  in 
South  Australia  was  89,  whilst  that  of  Spanish  copper,  remarkable  for 
containing  much  arsenic,  was  only  14. 

Pure  copper  is  obtained  by  decomposing  a solution  of  pure  sulphate 
of  copper  by  the  galvanic  current,  as  in  the  electrotype  process.  If  the 
negative  wire'  be  attached  to  a copper  plate  immersed  in  the  solution,  the 
pure  copper  may  be  stripped  off  this  plate  in  a sheet. 

261.  Properties  of  copper.— The  most  prominent  character  which 
confers  upon  copper  so  high  a rank  among  the  useful  metals  is  its  malle- 
ability, which  allows  it  to  be  readily  fashioned  under  the  hammer,  and 
to  be  beaten  or  rolled  out  into  thin  sheets ; among  the  metals  in  ordinary 
use,  only  gold  and  silver  exceed  copper  in  malleability,  and  the  com- 
parative scai'city  of  those  metals  leads  to  the  application  of  copper  for 
most  purposes  where  great  malleability  is  requisite. 

Although,  in  tenacity  or  strength,  copper  ranks  next  to  iron,  it  is  still 
very  far  inferior  to  it,  for  a copper  wire  of  -pjtli  inch  in  diameter  will 
support  only  385  lbs.,  while  a similar  iron  wire  will  carry  705  lbs.  with- 
out breaking ; and,  in  consequence  of  its  inferior  tenacity,  copper  is  less 
ductile  than  iron,  and  does  not  admit  of  being  so  readily  drawn  into 
exceedingly  thin  wires. 

The  comparative  ease  with  which  copper  may  be  fused  allows  it  to  be 
cast  much  more  readily  than  iron;  for  it  will  be  remembeied  that  the 
latter  metal  can  be  liquefied  only  by  the  highest  attainable  furnace  heat, 
whereas  copper  can  be  fused  at  about  1300°  C.  (23720  F.),  a temperature 
generally  spoken  of  as  a bright  red  heat. 

As  being  one  of  the  most  sonorous  of  metals,  copper  has  been,  from 
time  immemorial,  employed  in  the  construction  of  bells  and  musical 
instruments.  The  readiness  with  which  it  transmits  electricity  is 
turned  to  account  in  telegraphic  communication,  its  conducting  power 
being  almost  equal  to  that  of  silver,  which  is  the  best  of  electric  con- 
ductors. In  conducting  power  for  heat,  copper  is  surpassed  only  by 
silver  and  gold. 
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Copper  is  not  so  hard  as  iron,  and  is  somewhat  heavier,  the  specific 
gravity  of  cast  copper  being  8.92,  and  that  of  hammered  or  drawn 
copper  8.95. 

The  resistance  of  copper  to  the  chemical  action  of  moist  air  gives  it  a 
great  advantage  over  iron  for  many  uses,  and  the  circumstance  that  it 
does  not  decompose  water  in  presence  of  acids  enables  it  to  be  employed 
as  the  negative  plate  in  galvanic  couples. 

262.  Effect  of  sea  water  upon  copper. — When  copper  is  placed  in  a 
solution  of  salt  in  water,  no  perceptible  action  takes  place ; but  in  the 
course  of  time,  if  the  air  be  allowed  access,  it  becomes  covered  with  a 
green  coating  of  oxychloride  of  copper  (CuC12.3Cu0.4H20),  the  action 
probably  consisting,  first,  in  the  conversion  of  the  copper  into  oxide  by 
the  air,  and  afterwards  in  the  decomposition  of  the  oxide  by  the  sodium 
chloride  • 4CUO  + 2NaCl  + II., 0 = CuC12.3CuO  + 2NaHO.  The  surface 
of  the  copper  is  thus  corroded,  and  in  the  case  of  a copper-bottomed 
ship,  the  action  of  sea  water  not  only  occasions  a great  waste  of  copper, 
but  roughens  the  surface  of  the  sheathing,  and  affords  points  of  attach- 
ment to  barnacles,  etc.,  which  injure  the  speed  of  the  vessel.  Many 
attempts  have  been  made  to  obviate  this  inconvenience.  Zinc  has  been 
fastened  here  and  there  to  the  outside  of  the  copper,  placing  the  latter 
in  an  electro-negative  condition  ; the  copper  has  been  coated  with  various 
compositions,  but  with  very  indifferent  success.  Muntz  metal,  or  yellow 
sheathing,  or  mcdleable  brass,  an  alloy  of  3 parts  of  copper  and  2 parts 
of  zinc,  has  been  employed  with  some  advantage  in  place  of  copper,  for 
it  is  very  much  cheaper  and  somewhat  less  easily  corroded  ; but  the 
difficulty  is  by  no  means  overcome.  Copper  containing  about  0.5  per 
cent,  of  phosphorus  is  said  to  be  corroded  by  sea  water  much  less  easily 
than  pure  copper. 

263.  Danger  attending  the  use  of  copper  vessels  in  cooking  food. — The 
use  of  copper  for  culinary  vessels  has  occasionally  led  to  serious  conse- 
quences, from  the  poisonous  nature  of  its  compounds,  and  from  ignorance 
of  the  conditions  under  which  these  compounds  are  formed.  A perfectly 
clean  surface  of  metallic  copper  is  not  affected  by  any  of  the  substances 
employed  in  the  preparation  of  food,  but  if  the  metal  has  been  allowed 
to  remain  exposed  to  the  action  of  the  air,  it  becomes  covered  with  a film 
of  oxide  of  copper,  and  this  subsequently  combines  with  water  and  car- 
bonic acid  gas  derived  from  the  air  to  produce  a basic  carbonate  of 
copper,*  which,  becoming  dissolved,  or  mixed  with  the  food  prepared  in 
these  vessels,  confers  upon  it  a poisonous  character.  This  danger  may 
be  avoided  by  the  use  of  vessels  which  are  perfectly  clean  and  bright, 
but  even  from  these,  certain  articles  of  food  may  become  contaminated 
with  copper,  for  this  metal  is  much  more  likely  to  be  oxidised  by  the  air 
when  in  contact  with  acids  (vinegar,  juices  of  fruits,  &c.),  or  with  fatty 
matters,  or  even  with  common  salt ; and  if  oxide  of  copper  be  once  formed, 
it  will  be  readily  dissolved  by  such  substances.  Hence  it  is  usual  to  coat 
the  interior  of  copper  vessels  with  tin,  which  is  able  to  resist  the  action 
of  the  air,  even  in  the  presence  of  acids  and  saline  matters. 

264.  Useful  alloys  of  copper  with  other  metals. — Copper  forms  a 
greater  number  of  useful  alloys  than  any  other  metal.  With  about  one- 
sixth  of  its  weight  of  tin,  it  forms  the  hard  bronze  which  was  used  for 
weapons  before  the  art  of  working  iron  was  well  known.  With  one-tenth 

* Often  erroneously  called  verdigris,  which  is  really  a basic  acetate  of  copper. 
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of  its  weight  of  tin,  it  yields  gun  metal,  remarkable  for  its  strength. 
With  from  one-tliird  to  one-fourth  of  its  weight  of  tin,  it  yields  the  elastic- 
sonorous  alloy  used  as  bell  metal.  With  half  its  weight  of  tin,  it  gives 
the  extremely  hard,  brittle,  silvery  speculum  metal  vised  in  reflecting  tele- 
scopes. Bronze  for  statues  has  sometimes  the  same  composition  as  gun 
metal,  but  often  contains  a large  proportion  of  zinc.  Phosphor-bronze, 
remarkable  for  its  hardness  and  toughness,  is  an  alloy  of  copper  contain- 
ing about  io  per  cent,  of  tin  and  i or  2 per  cent,  of  phosphorus,  which 
is  added  to  the  melted  copper  in  the  form  of  tin  phosphide.  With  from 
one-third  to  one-half  its  weight  of  zinc,  copper  forms  brass,  much  harder 
than  copper,  and  capable  of  being  hammered  into  thin  leaves  as  a 
substitute  for  gold.  The  most  important  alloys  of  which  copper  is  a 
predominant  constituent  are  the  following  : — 

Brass — 64  copper,  36  zinc. 

Muntz  metal — 60  to  64  copper,  40  to  36  zinc. 

German  silver— 51  copper,  30.5  zinc,  18.5  nickel. 

Aick  or  Gedge’s  metal — 60  copper,  38.2  zinc,  1.8  iron. 

Sterro  metal — 55  copper,  42.4  zinc,  0.8  tin,  1.8  iron. 

Bell  metal — 78  copper,  22  tin. 

Speculum  metal — 66.6  copper,  33.4  tin. 

Bronze — 80  copper,  4 tin,  16  zinc. 

Gun  metal — 90.5  copper,  9.5  tin. 

Bronze  coinage — 95  copper,  1 zinc,  4 tin. 

Aluminium  bronze — 90  copper,  10  aluminium. 

Brass  is  made  by  melting  copper  in  a crucible,  and  adding  rather  more 
than  half  its  weight  of  zinc.  It  is  difficult  to  decide  whether  brass  is  a 
true  chemical  compound  or  a mere  mechanical  mixture  of  copper  and 
zinc,  because  it  is  capable  of  dissolving  either  of  those  metals  when  in  a 
state  of  fusion.  The  circumstance  that  it  can  be  deposited  by  decom- 
posing a solution  containing  copper  and  zinc  by  the  galvanic  current, 
would  appear  to  indicate  that  it  is  a chemical  compound,  and  its  physical 
properties  are  not  such  as  would  be  expected  from  a mere  mixture  of  its 
constituents.  A small  quantity  of  tin  is  added  to  brass  intended  for 
door-plates,  which  renders  the  engraving  much  easier.  When  it  has  to 
be  turned  or  filed,  about  2 per  cent,  of  lead  is  usually  added  to  it,  in 
order  to  prevent  it  from  adhering  to  the  tools  employed.  Brass  cannot 
be  melted  without  losing  a portion  of  its  zinc  in  the  form  of  vapour. 
When  exposed  to  frequent  vibration  (as  in  the  suspending  chains  of 
chandeliers),  it  suffers  an  alteration  in  structure  and  becomes  extremely 
brittle.  The  solder  used  by  braziers  consists  of  equal  weights  of  copper 
and  zinc.  In  order  to  prevent  ornamental  brass-work  from  being  tarn- 
ished by  the  action  of  air,  it  is  either  lacquered  or  bronzed.  Lacquering 
consists  simply  in  varnishing  the  brass  with  a solution  of  shellac  in  spirit  , 
coloured  with  dragon’s  blood.  Bronzing  is  effected  by  applying  a solution 
of  arsenic  or  mercury,  or  platinum,  to  the  surface  of  the  brass.  By  the 
action  of  arsenious  oxide  dissolved  in  hydrochloric  acid,  upon  brass,  the 
latter  acquires  a coating  composed  of  arsenic  and  copper,  which  imparts 
a bronzed  appearance,  the  zinc  being  dissolved  in  place  of  the  arsenic, 
which  combines  with  the  copper  at  the  surface.  A mixture  of  corrosive 
sublimate  (mercuric  chloride,  HgCl2)  and  acetic  acid  is  also  sometimes 
employed,  when  the  mercury  is  displaced  by  the  zinc,  and  precipitated 
upon  the  surface  of  the  brass,  with  which  it  forms  a bronze-like  amalgam. 
Bor  bronzing  brass  instruments,  such  as  theodolites,  levels,  Arc.,  absolution 
of  chloride  of  platinum  is  employed,  the  zinc  of  the  brass  precipitating 
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a very  durable  film  of  metallic  platinum  upon  its  surface  (PtCl,  + Zn2- 
Pt  + 2ZnCla).  Aich  metal  is  a kind  of  brass  containing  iron,  and  has 
been  employed  for  cannon,  on  account  of  its  great  strength.  At  a red 
heat  it  is  very  malleable. 

Sterro-metal  (a-eppos,  strong)  is  another  variety  of  brass  containing 
iron  and  tin,  said  to  have  been  discovered  accidentally  in  making  brass 
with  the  alloy  of  zinc  and  iron  obtained  during  the  process  of  making 
galvanised  iron  (page  290).  It  possesses  great  strength  and  elasticity,, 
and  is  used  by  engineers  for  the  pumps  of  hydraulic  presses. 

Aluminium  bronze  has  been  already  noticed,  and  the  alloys  of  copper 
and  tin  have  been  described  under  the  latter  metal. 

A very  hard  white  alloy  of  77  parts  of  zinc,  1 7 of  tin,  and  6 of  copper, 
is  sometimes  employed  for  the  bearings  of  the  driving-wheels  of  loco- 
motives. 

Iron  and  steel  are  coated  with  a closely  adherent  film  of  copper,  by 
placing  them  in  contact  with  metallic  zinc  in  an  alkaline  solution  of 
oxide  of  copper,  prepared  by  mixing  sulphate  of  copper  with  tartrate  of 
potash  and  soda,  and  caustic  soda.  The  copper  is  thus  precipitated 
upon  the  iron  by  slow  voltaic  action,  the  zinc  being  the  attacked  metal. 
By  adding  a solution  of  stannate  of  soda  to  the  alkaline  copper  solution, 
a deposit  of  bronze  may  be  obtained. 

265.  Oxides  of  copper. — Two  oxides  of  copper  are  well  known  in 
the  separate  state,  viz.,  the  suboxide,  Cu„0,  and  the  oxide,  CuO. 
Another  oxide,  Cu40,  has  been  obtained  in  a hydrated  state,  and  there 
is  some  evidence  of  the  existence  of  an  acid  oxide. 

The  black  oxide  of  copper  ( cupric  oxide),  CuO,  is  employed  by  the 
chemist  in  the  ultimate  analysis  of  organic  substances  by  combustion, 
being  prepared  for  this  purpose  by  acting  upon  copper  with  nitric 
acid  to  convert  it  into  cupric  nitrate  (page  136),  and  heating  this 
to  dull  redness  in  a rough  vessel  made  of  sheet  copper,  when  it  leaves 
the  black  oxide ; Cu(N03)2  = 2N02  + 0 + CuO.  At  a higher  tempera- 
ture the  oxide  fuses  into  a very  hard  mass ; it  evolves  very  little  oxygen 
when  strongly  heated.  Oxide  of  copper  absorbs  water  easily  from  the 
air,  but  it  is  not  dissolved  by  water ; acids,  however,  dissolve  it,  form- 
ing the  salts  of  copper,  whence  the  use  of  oil  of  vitriol  and  nitric  acid 
for  cleansing  the  tarnished  surface  of  copper;  a blackened  coin,  for 
example,  immersed  in  strong  nitric  acid,  and  thoroughly  washed,  be- 
comes as  bright  as  when  freshly  coined.  Silica  dissolves  oxide  of 
copper  at  a high  temperature,  forming  cupric  silicate,  which  is  taken 
advantage  of  in  producing  a fine  green  colour  in  glass. 

Red  oxide  or  suboxide  of  copper  ( cuprous  oxide),  Cu.,0,  is  found  crys- 
tallised in  regular  octahedra,  and  is  formed  when  copper  is  heated  in 
air,  that  portion  of  the  copper-scale  which  is  in  contact  with  the  air 
becoming  CuO,  while  that  in  contact  with  the  metal  is  Cu20.  It  is 
made  by  heating  a mixture  of  5 parts  of  the  black  oxide  with  4 parts 
of  copper  filings  in  a closed  crucible.  It  may  also  be  prepared  by  boil- 
ing a solution  of  cupric  sulphate  with  a solution  containing  sodium 
sulphite  and  sodium  carbonate  in  equal  quantities,  when  the  cuprous 
oxide  is  precipitated  as  a reddish-yellow  powder,  which  should  be 
washed,  by  decantation,  with  boiled  water — 

2CuS04  + 2NaX03  + Na.SO.,  = C11..O  + 3X3  ..SO,  + 2CO... 
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Cu.,0  is  precipitated  in  minute  octahedral  crystals  when  solution  of 
CuS04  mixed  with  glucose  is  boiled  with  excess  of  potash. 

Cuprous  oxide  is  a feeble  base,  but  its  salts  are  not  easily  obtained 
by  direct  action  of  acids,  for  these  generally  decompose  it  into  metallic 
copper  and  cupric  oxide,  yielding  cupric  salts.  In  the  moist  state  it  is 
slowly  oxidised  by  the  air.  Ammonia  dissolves  cuprous  oxide,  forming 
a solution  which  is  perfectly  colourless  until  it  is  allowed  to  come  into 
contact  with  air,  when  it  assumes  a fine  blue  colour,  becoming  converted 
into  an  ammoniacal  solution  of  cupric  oxide.  If  the  blue  solution  be 
placed  in  a stoppered  bottle  (quite  filled  with  it)  with  a strip  of  clean 
copper,  it  will  gradually  become  colourless,  the  cupric  oxide  being  again 
reduced  to  cuprous  oxide,  a portion  of  the  copper  being  dissolved. 
When  copper  filings  are  shaken  with  ammonia  in  a bottle  of  air,  the 
same  blue  solution  is  obtained,  the  oxidation  of  the  copper  being 
attended  with  a simultaneous  oxidation  of  a portion  of  the  ammonia, 
and  its  conversion  into  nitrous  acid,  so  that  the  white  fumes  of  am- 
monium nitrite  are  formed  in  the  upper  part  of  the  bottle.  If  the 
blue  solution  he  poured  into  a large  quantity  of  water,  a light  blue 
precipitate  of  cupric  hydrate  is  obtained.  The  ammoniacal  solution 
of  cupric  oxide  has  the  unusual  property  of  dissolving  paper,  cotton, 
tow,  and  other  varieties  of  cellulose , this  substance  being  reprecipi- 
tated from  the  solution  on  adding  an  acid. 

Cuprous  oxide,  added  to  glass,  imparts  to  it  a fine  red  colour, 
which  is  turned  to  account  by  the  glass-maker. 

Quadrant  oxide  of  copier,  Cu40,  has  been  obtained  in  combination 
with  water,  by  the  action  of  stannous  chloride  and  potash  upon  a 
cupric  salt. 

Cuprous  hydride,  Cu2H2,  is  precipitated  when  cupric  sulphate  is 
heated  with  liypophosphorous  acid ; or  a strong  solution  of  cupric 
sulphate  may  be  strongly  acidulated  with  dilute  sulphuric  acid,  solu- 
tion of  sodium  hypophosphite  added,  and  heated  till  a brown  preci- 
pitate forms ; this  is  the  hydride,  which  must  not  be  further  heated, 
as  it  is  decomposed  into  its  elements  at  6o°  C.  Hydrochloric  acid 
dissolves  it  easily,  with  brisk  effervescence  from  escape  of  hydrogen, 
and  formation  of  a colourless  solution  of  cuprous  chloride — 

Cu2H2  + 2HCI  = Cu2Cl2  + 2H0. 

This  reaction  is  regarded  as  supporting  the  belief  that  two  atoms  of  H 
unite  to  form  a molecule. 

Cuprous  hydrate,  4Cu„0.H20,  is  obtained  as  a yellow  precipitate  when 
a solution  of  a cuprous  salt  is  added  to  excess  of  potash.  If  air  be 
excluded,  it  may  be  dried  at  ioo°  C.  without  decomposition.  Air  oxi- 
dises it  to  cupric  hydrate.  With  ammonia  it  behaves  like  cupious 

oxide.  . . 

Cupric  hydrate,  Cu(HO),,  is  obtained  as  a blue  precipitate  when 
potash  or  soda  is  added  to  a cupric  salt.  When  boiled  111  the  liquid, 
it  becomes  black  CuO,  but  if  it  be  allowed  to  dry  over  sulpliuiic  acii  , 
it  may  be  heated  to  ioo°  C.  without  decomposition.  Its  solubility  111 
ammonia  and  the  properties  of  the  solution  have  been  noticec  a ove. 
In  the  presence  of  tartaric  acid,  sugar,  and  many  other  organic  sub- 
stances, cupric  hydrate  dissolves  in  caustic  potash  and  soda,  forming 
dark  blue  solutions.  The  paint  known  as  blue  verditer  is  cupric  hydrate 
obtained  by  decomposing  cupric  nitrate  with  calcium  hydiate. 
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Cupric  acid  is  believed  to  be  formed  when  metallic  copper  is  fused 
with  nitre  and  caustic  potash.  The  mass  yields  a blue  solution  in 
water,  which  is  very  easily  decomposed  with  evolution  of  oxygen  and 
precipitation  of  cupric  oxide.  The  existence  of  an  unstable  oxide  of 
copper,  containing  more  than  one  atom  of  oxygen,  is  also  rendered 
probable  by  the  circumstance  that  oxide  of  copper  acts  like  manganese 
dioxide  in  facilitating  the  disengagement  of  oxygen  from  potassium 
chlorate  by  heat  (page  34). 

Cuprous  nitride,  CueN2,  is  formed  by  passing  ammonia  over  CuO  at 
250°  C.  It  is  a dark  green  powder  which  decomposes  at  a high  tem- 
perature, evolviiuj  heat. 

Cupric  nitrate,  Cu(H03)2.3Aq,  crystallises  in  blue  prisms  from  a solu- 
tion of  copper  in  nitric  acid.  It  is  deliquescent  and  soluble  in  water 
and  alcohol.  When  heated  to  65°  C.,  it  becomes  a green  basic  nitrate, 
Cu(H03)2.3Cu(II0)2.  Cupric  nitrate  is  used  as  an  oxidising  agent  in 
dyeing  and  calico-printing.  Cupric  ammonio-nitrate,  Cu(NO.,)0.4NII0, 
is  deposited  in  dark  blue  crystals  from  a mixture  of  cupric  "nitrate 
with  excess  of  ammonia. 

266.  Sulphate  of  copper,  or  cupric  sulphate. — The  beautiful  prismatic 
crystals  known  as  blue  vitriol,  blue  stone,  blue  copperas,  or  sulphate  of 
copper,  have  been  already  mentioned  as  formed  from  the  residue  in 
the  preparation  of  sulphurous  acid  gas  (page  197),  by  dissolving  copper 
in  oil  of  vitriol,  a process  which  is  occasionally  employed  "for  the 
manufacture  of  this  salt.  A considerable  supply  of  the  sulphate  is 
obtained  as  a secondary  product  in  the  process  of  silver-refining 
(page  207). 

The  sulphate  of  copper  is  also  manufactured  by  roasting  copper 
pyrites  (FeCuS,)  with  free  access  of  air,  when  it  becomes  partly 
converted  into  a mixture  of  cupric  sulphate  with  ferrous  sulphate ; 
FeCuS,  + 08  - FeS04  + CuS04.  The  ferrous  sulphate,  however,  is  de- 
composed by  the  heat,  leaving  ferric  oxide  (see  page  210).  When 
the  roasted  mass  is  treated  with  water,  the  ferric  oxide  is  left  undis- 
solved, but  the  cupric  sulphate  enters  into  solution,  and  may  be  obtained 
in  crystals  by  evaporation. 

Since  ferrous  sulphate  and  cupric  sulphate  are  isomorplious,  they 
crystallise  together,  and  can  be  separated  only  by  converting  the  ferrous 
into  ferric  sulphate  by  an  oxidising  agent  such  as  nitric  acid. 

The  crystals,  as  they  are  found  in  commerce,  are  usually  opaque,  but 
if  they  are  dissolved  in  hot  water  and  allowed  to  crystallise  slowly,  they 
become  perfectly  transparent,  and  have  then  the  composition  expressed 
by  the  formula  CuS04.5lT20.  If  the  crystals  be  heated  to  the  tem- 
perature of  boiling  water,  they  lose  four-fifths  of  their  water,  and 
crumble  down  to  a greyisli-white  powder,  which  has  the  composition 
Gu»S04.H20,  and  if  this  be  moistened  with  water,  it  becomes  very  hot 
and  resumes  its  original  blue  colour.  The  whitish  opacity  of  the  ordi- 
nary crystals  of  blue  stone  is  due  to  the  absence  of  a portion  of  the 
water  of  crystallisation.  The  fifth  molecule  of  water  can  be  expelled 
only  at  a temperature  of  nearly  200°  C.,  and  is  therefore  generally 
called  water  of  constitution  (see  page  44),  the  formula  of  the  crystal's 
being  then  written  CuS04.H20.4Aq.  The  crystals  dissolve  in  4 parts 
of  cold  and  2 parts  of  boiling  water.  The  solution  reddens  litmus. 

The  sulphate  of  copper  is  largely  employed  by  the  dyer  and  calico- 
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printer,  and  in  the  manufacture  of  pigments.  It  is  also  occasionally 
used  in  medicine,  in  the  electrotype  process,  and  in  galvanic  batteries. 

When  ammonia  is  added  to  solution  of  cupric  sulphate,  a basic  sul- 
phate is  first  precipitated,  which  is  dissolved  by  an  excess  of  ammonia 
to  a dark  blue  fluid.  On  allowing  this  to  evaporate,  dark  blue  crystals 
of  ammonio-civpric  sulphate,  CuSO^NIIj.IfiO,  are  deposited.  They  lose 
their  ammonia  when  exposed  to  the  ah’. 

A basic  cupric  sulphate , CuSO, . 3 GTi(OII),.  Aq,  is  found  as  brochantite. 

Sulphate  of  copper  cannot  easily  be  separated  by  crystallisation  from 
the  sulphates  of  iron,  zinc,  and  magnesium,  because  it  forms  double  salts 
Avith  them,  which  contain,  like  those  sulphates,  seven  molecules  of 
water,  and  are  isomorphous  with  magnesium  sulphate  (unless  the  CuSO, 
is  the  predominant  constituent,  Avhen  the  salts  contain  five  molecules  of 
water  and  are  isomorphous  with  cupric  sulphate).  An  instance  of  this 
is  seen  in  the  blade  vitriol  obtained  from  the  mother-liquor  of  the 
sulphate  of  copper  at  Mansfeld,  and  forming  bluish-black  crystals 
isomorphous  with  green  vitriol,  FeSO,.  7H  ,0.  The  formula  of  1 lack 
vitriol  may  be  written  [OuMgFeMnCoM]S04.7H20,  the  six  isomorphous 
metals  being  interchangeable  without  altering  the  general  character  of 


the  salt. 

lupric  arsenite,  CuITAsO.,,  has  been  noticed  at  page  2 40.  It-  is  ^a 


C? 
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yellowish  green  powder,  insoluble  in  water,  but  easily  soluble  m acids 
and  alkalies.  Its  solution  in  potash  has  a dark  blue  colour,  and  deposits 
cuprous  oxide  when  boiled,  potassium  arsenate  being  pioduced. 

Cupric  phosphide , Cu3P2,  is  obtained  as  a black  precipitate  bi  passing 
PH.,  into  solution  of  cupric  sulphate. 

The  basic  cupric  phosphates  compose  the  minerals  tagilite  and 

libethenite.  _ . 

The  basic  cupric  carbonates  have  been  noticed  as  forming  the  very 

beautiful  minerals  blue  malachite,  azurite,  or  cliessylite , and  green 

malachite.  . . 

Mineral  green,  CuC08.Cu(OH)„  lias  tlie  same  composition  as  green 
malachite,  and  is  prepared  by  mixing  hot  solutions  of  sodium  carbonate 
and  cupric  sulphate.  When  boiled  in  the  liquid,  it  is  gradually  con- 
verted into  black  oxide  of  copper.  The  green  deposit  formed  on  old 
copper  by  exposure  to  air  has  the  same  composition. 

The  blue  precipitate  produced  in  cupric  solutions  by  alkaline  car- 
bonates in  the  cold  is  CuCOs.Cu(OH)?.Aq.  _ 

Cupric  silicates  are  found  in  the  minerals  diopla.se' , or  emerald  copper, 

and  clirysocollu,  C'uH2Si04.H20. 

267.  Chlorides  of  copper. — The  chloride  of  copper  ( cupric  chloride), 
CuCl  is  produced  by  the  direct  union  of  its  elements,  when  it  forms  a 
brown  mass,  which  'fuses  easily,  and  is  decomposed  into  chlorine  and 
cuprous  chloride,  the  latter  being  afterwards  converted  into  vapour. 
When  dissolved  in  water,  it  gives  a solution  which  is  green  when  con- 
centrated, and  .becomes  blue  on  dilution.  The  hydrated  cupric  chlonde 
is  readily  prepared  by  dissolving  the  black  oxide  111  hot  hydrochloric 
acid,  and  allowing  the  solution  to  crystallise;  it  forms  green  n^dle-hke 
crystals  CCuCl  .2 II  0)  which  become  blue  when  dried  in  vacuo  (Haitlej  ). 
Absolution  of  chloride  of  copper  in  alcohol  burns  with  a splendid  green 
Hame  and  the  chloride  imparts  a similar  colour  to  a gas  flame. 

of  copper  (6uC1,3Cu0.4H,0)  is  found  at  Atacama,  ... 
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prismatic  crystals,  and  is  called  atacamite.  The  paint  Brunswick  green 
lias  the  same  composition,  and  is  made  by  moistening  copper  with 
solution  of  hydrochloric  acid  or  sal-ammoniac,  and  exposing  it  to  the 
air  in  order  that  it  may  absorb  oxygen;  Cu4  + 2IICI  + 3H.O  + 04  = 
CuGT.^CuO.qH.O.  It  is  also  made  by  boiling  cupric  sulphate  with 
chloride  of  lime.’  The  Brunswick  green  of  the  shops  frequently  consists 
of  a mixture  of  Prussian  blue,  chromate  of  lead,  and  barium  sulphate. 

Subchloride  of  copper  ( cuprous  chloride ),  Cu,Cl,  ( — 2 vols.),  is  formed 
as  a sublimate  when  copper  is  heated  in  HC1  gas.  It  is  also  produced 
when  fine  copper  turnings  are  shaken  with  strong  hydrochloric  acid  in 
a bottle  of  air ; Cu,  + 2HCI  + 0 = Cu„Cl2  + H,0.  The  cuprous  chloride 
dissolves  in  the  excess  of  hydrochloric  acid,  forming  a brown  solution, 
from  which  water  precipitates  it  white , for  this  is  one  of  the  few 
chlorides  insoluble  in  water.  When  exposed  to  light,  it  assumes  a 
purplish-grey  tint.  A copper  plate  dipped  into  a strong  neutral 
solution  of  cupric  chloride  acquires  a thin  coating  of  cuprous  chloride 
upon  which  photographs  may  be  taken.  Cuprous  chloride  may  be 
prepared  by  dissolving  5 parts  of  black  oxide  of  copper  in  hydrochloric 
acid,  and  boiling  with  4 parts  of  line  copper  turnings,  the  brown 
solution  being  afterwards  precipitated  by  water.  If  the  solution  be 
moderately  diluted  and  set  aside,  it  deposits  tetrahedral  crystals  of 
cuprous  chloride.  Ammonia  (free  from  air)  dissolves  cuprous  chloride 
to  a colourless  liquid,  which  becomes  dark  blue  by  contact  with  air, 
absorbing  oxygen.  The  ammoniacal  solution  of  cuprous  chloride  is 
employed  as  a test  for  acetylene  (page  93),  which  gives  a red  precipitate 
with  it.  The  solution  may  be  preserved  in  a colourless  state  by  keeping 
it  in  a well-stoppered  bottle,  quite  full,  with  strips  of  clean  copper. 
When  copper,  in  a finely  divided  state,  is  boiled  with  solution  of 
ammonium  chloride,  the  solution  deposits  colourless  crystals  of  the  salt, 
Cu2C12(NH3)2.  If  the  solution  of  this  salt  be  exposed  to  the  air,  blue 
crystals  are  deposited,  having  the  formula  Cu.,Cl.,.CuCl.,. qHH.,. H „0,  and 
on  further  exposure,  a compound  of  this  last  salt  with  ammonium 
chloride  is  deposited.  The  solution  of  cuprous  chloride  in  hydrochloric 
acid  is  employed  for  absorbing  carbonic  oxide  in  the  analysis  of  gaseous 
mixtures.  When  this  solution  is  exposed  to  air  it  absorbs  oxygen,  and 
deposits  cupric  oxychloride.  A strong  solution  of  ammonium  or  sodium 
or  potassium  chloride  readily  dissolves  the  cuprous  chloride,  even  in  the 
cold,  forming  soluble  double  chlorides,  such  as  0u.,01.,.4KC1.  The  solu- 
tion in  potassium  chloride  does  not  absorb  oxygen  quite  so  easily  as  that 
in  ammonium  chloride. 

Cuprous  iodide,  Cu„I2,  is  a very  insoluble  white  precipitate  formed 
when  a mixture  of  cupric  and  ferrous  sulphates  is  added  to  the  solution 
of  an  iodide;  2CuS04  + cFeS04  + 2KI  = Cu.,1,  + Fe„(S04)3  + K„S04.  It 
is  also  precipitated,  together  with  iodine,  when  cupric  sulphate  is  added 
to  an  iodide ; 2CuS0,  + 4KI  = Cu,I,  + I,  + 2K,S04. 

268.  Sulphides  of  copper. — Copper  has  a very  marked  attraction  for 
sulphur,  even  at  the  ordinary  temperature.  A bright  surface  of  copper 
soon  becomes  tarnished  by  contact  with  sulphur,  and  liydrosulphuric  acid 
blackens  the  metal.  Finely  divided  copper  and  sulphur  combine  slowly 
at  the  ordinary  temperature,  and  when  heated  together,  they  combine 
with  combustion.  A thick  copper  wire  burns  easily  in  vapour  of  sulphur 
(page  191).  Copper  is  even  partly  converted  into  sulphides  when  boiled 
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with  sulphuric  acid,  as  in  the  preparation  of  sulphurous  acid  gas.  This 
great  attraction  of  copper  for  sulphur  is  taken  advantage  of  in  the  pro- 
cess of  kernel  roasting  for  extracting  the  copper  from  pyrites  containing 
as  little  as  1 per  cent,  of  the  metal.  The  pyrites  is  roasted  in  large  heaps 
(page  196)  for  several  weeks,  when  a great  part  of  the  iron  is  converted 
into  peroxide,  and  the  copper  remains  combined  with  sulphur,  forming 
a hard  kernel  in  the  centre  of  the  lumps  of  ore.  This  kernel  contains 
about  5 per  cent,  of  copper,  and  can  be  smelted  with  economy.  Children 
are  employed  to  detach  the  kernel  from  the  shell,  which  consists  of 
ferric  oxide  mixed  with  a little  cupric  sulphate,  which  is  washed  out 
with  water. 

The  subsulphide  of  copper,  or  cuprous  sulphide  (Cu,S),  has  been 
mentioned  among  the  ores  of  copper  and  among  the  furnace  products  in 
smelting,  when  it  is  sometimes  obtained  in  octahedral  crystals.  It  is 
formed  when  H„S  is  passed  over  red-hot  CuO,  and  when  coal-gas  is 
passed  over  red-hot  CuS.  It  is  not  attacked  by  hydrochloric  acid,  but 
nitric  acid  dissolves  it  readily.  Copper  pyrites  is  believed  to  contain  the 
copper  in  the  form  of  cuprous  sulphide,  its  true  formula  being  Cu2S.Fe2S3 ; 
for  if  the  copper  be  present  as  cupric  sulphide,  CuS,  the  iron  must  be 
present  as  ferrous  sulphide,  and  the  mineral  would  have  the  formula 
CuS.FeS.  Now,  FeS  is  easily  attacked  by  dilute  sulphuric  or  hydro- 
chloric acid,  which  is  not  the  case  with  copper  pyrites.  Nitric  acid, 
however,  attacks  it  violently. 

Sulphide  of  copper,  or  cupric  sulphide  (CuS),  occurs  in  nature  as  indigo 
copper  or  blue  copper,  and  may  be  obtained  as  a black  precipitate  b}  the 
action  of  hydrosulphuric  acid  upon  solution  of  cupric  sulphate. . W hen 
this  precipitate  is  boiled  with  sulphur  and  ammonium  sulphide,  it  is 
dissolved  in  small  quantity,  and  the  solution  on  cooling  deposits  fine 
scarlet  needles  containing  a higher  sulphide  of  copper  combined  w it h 
sulphide  of  ammonium.  When  copper  and  sulphur  are  heated  together 
in  atomic  proportions  to  a temperature  below  the  boiling  point  of  sulphur 
(440°  C.),  CuS  is  produced;  but  at  a higher  temperature,  this  is  con- 
verted into  Cu2S.  Pentasulphide  of  copper  (CuS5)  is  obtained  by  decom- 
posing cupric  sulphate  with  potassium  pentasulphide;  it  forms  a black 
precipitate  distinguished  from  the  other  sulphides  of  copper  by  its  solu- 
bility in  potassium  carbonate.  The  sulphides  of  copper,  when  exposed 
to  air  in  the  presence  of  water,  are  slowly  oxidised  and  converted  into 
cupric  sulphate,  which  is  dissolved  by  the  water.  It  appears  to  be  m 
this  way  that  the  blue  water  of  the  copper  mines  is  formed. 

Phosphide  of  copper,  cupric  phosphide  (Cu3P2),  obtained  as  a black 
powder  by  boiling  solution  of  cupric  sulphate  with  phosphorus,  has 
been  already  mentioned  as  a convenient  source  of  phosphine.  Another 
phosphide,  obtained  by  passing  vapour  of  phosphorus  over  finely  divided 
copper  at  a high  temperature,  is  employed  m Abel  s composition  tor 
magneto-electric  fuzes,  in  conjunction  with  cuprous  sulphide  and  potas- 
sium chlorate.  Phosphide  of  copper  employed  for  toughening  com- 
mercial copper  is  made  by  running  melted  copper  into  a conical  iron 
crucible  lined  with  loam,  at  the  bottom  of  which  are  placed  sticks  of 
phosphorus  which  have  been  coated  with  copper  by  soaking  them  111 

cold  solution  of  cupric  sulphate.  , 

Silicon  may  be  made  to  unite  with  copper  by  strongly  heating  fineh 
divided  copper  with  silica  and  charcoal.  A bronze-like  mass  is  thus 
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obtained  containing  about  5 percent,  of  silicon.  It  is  said  to  rival  iron 
in  ductility  and  tenacity,  and  fuses  at  about  the  same  temperature  as 
bronze. 

LEAD. 


Pb"  = 2o6.5  parts  by  weight. 

269.  Lead  owes  its  usefulness  in  the  metallic  state  chiefly  to  its  soft- 
ness and  fusibility.  The  former  quality  allows  it  to  be  easily  rolled  into 
thin  sheets  and  to  be  drawn  into  the  form  of  tubes  or  pipes ; it  is  in- 
deed the  softest  of  the  metals  in  common  use,  and  at  the  same  time 
the  least  tenacious,  so  that  it  can  only  be  drawn  with  difficulty  into 
thin  wire,  and  is  then  very  easily  broken.  The  ease  with  which  it 
makes  a dark  streak  upon  paper  shows  how  readily  minute  particles  of 
the  metal  may  be  abraded.  Its  want  of  elasticity  also  recommends  it 
for  some  special  uses,  as  for  deadening  a shock  or  preventing  a rebound. 

In  fusibility  it  surpasses  all  the  other  metals  commonly  employed  in 
the  metallic  state,  except  tin,  for  it  melts  at  617°  F.  (3250  C.),  and  this 
circumstance,  taken  in  conjunction  with  its  high  specific  gravity  (11.4), 
particularly  adapts  it  for  the  manufacture  of  shot  and  bullets.  For  one 
of  its  extensive  uses,  however,  as  a covering  for  roofs,  it  would  be  better 
suited  if  it  were  lighter  and  less  fusible,  for  in  case  of  fire  in  houses  so 
roofed,  the  fall  of  the  molten  lead  frequently  aggravates  the  calamity. 
Its  resistance  to  strong  acids  is  turned  to  account  in  manufacturing 
chemistry. 

A\'  ith  the  exception,  perhaps,  of  the  ores  of  iron,  none  is  more  abun- 
dant in  this  country  than  the  chief  ore  of  lead,  galena , a sulphide  of 
lead  (PbS).  This  ore  might  at  the  first  glance  be  mistaken  for  the 
metal  itself,  from  its  high  specific  gravity  and  metallic  lustre.  It  is 
found  forming  extensive  veins  in  Cumberland,  Derbyshire,  and  Corn- 
wall, traversing  a limestone  rock  in  the  two  first  counties,  and  a clay 
slate  m the  last.  Spain  also  furnishes  large  supplies  of  this  important 


Galena  presents  a beautiful  crystalline  appearance,  being  often  found 
111  large  isolated  cubes,  which  readily  cleave  or  split  up  in  directions 
para  el  to  their  faces.  Blende  (sulphide  of  zinc)  and  copper  pyrites 
(su  p ide  of  copper  and  iron)  are  frequently  found  in  the  same  vein 
v ith  galena,  and  it  is  usually  associated  with  quartz  (silica),  heavy 
spai  (barium  sulphate),  or  fluor  spar  (calcium  fluoride).  Considerable 
quantities  of  sulphide  of  silver  are  often  present  in  galena,  and  in  many 
'sP^mens  the  sulphides  of  bismuth  and  antimony  are  found. 

lough  the  sulphide  is  the  most  abundant  natural  combination  of 
leai,  it  is  by  no  means  the  only  form  in  which  this  metal  is  found. 
The  metal  itself  is  occasionally  met  with,  though  in  very  small  Quantity, 
and  the  carbonate  of  lead  (PbC03),  white  lead  ore  or  cerussite,  forms  an 
important  ore  in  the  United  States  and  in  Spain.  The  sulphate  of 
lead,  anglesite{ PbSOJ,  is  also  found  in  Australia,  and  is  largely  im- 
ported into  this  country  to  be  smelted. 

27°.  I he  extraction  of  lead  from  galena  is  effected  by  taking  advan- 
age  of  the  circumstance  that,  when  a combination  of  a metal  with 
< >x\  gen  is  raised  to  a high  temperature  in  contact  with  a sulphide  of 

ue  same  metal,  the  oxygen  and  sulphur  unite,  and  the  metal  is 
liberated. 
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The  ore,  having  been  separated  by  mechanical  treatment  as  far  as  pos- 
sible from  the  foreign  matters  associated  with  it,  is  mixed  with  a small 
proportion  of  lime,  and  spread  over  the  hearth  of  a reverberatory  furnace 
(fig.  251),  the  sides  of  which  are  considerably  inclined  towards  the  centre, 
so°as  to  form  a hollow  for  the  reception  of  the  molten  lead. 


Fig.  251. — Furnace  for  smelting  lead  ores. 


During  the  first  stage  of  the  smelting  process,  the  object  is  to  roast 
the  ore  with  free  access  of  air,  exposing  as  large  a surface  as  possible, 
on  which  account  the  temperature  is  kept  below  that  at  which  galena 
fuses:  indeed,  during  the  first  two  hours  no  fuel  is  thrown  into  the 
o-rate,  sufficient  heat  being  radiated  from  the  sides  of  the  furnace,  whic  1 
have  become  red  hot  during  the  smelting  of  the  previous  charge  of  ore. 
The  ore  is  stirred  from  time  to  time,  to  expose  fresli  surfaces  to  the 

action  of  the  atmospheric  oxygen.  . , , 

The  effect  of  this  roasting  is  to  convert  a portion  ot  the  sulplncle  01 
lead  (PbS)  into  sulphate  of  dead  (PbS04),  whilst  another  portion  loses 
its  sulphur,  which  is  evolved  as  sulphurous  acid  gas  (SO  ),  and  acqunes 
oxygen  in  its  stead,  becoming  converted  into  oxide  ot  lead  (PbU).  iA 
large  proportion  of  the  galena,  however,  remains  unoxidised,  w hen 
the  roasting  is  sufficiently  advanced,  some  fuel  is  thrown  into  the  gia  e, 
some  rich  slags  from  previous  smeltings  are  thrown  on  to  the  heait  , 
the  damper  is  slightly  raised,  and  the  doors  of  the  furnace  are  closed, 
so  that  the  charge  may  be  heated  to  the  temperature  at  which  the  oxide 
and  sulphate  of  lead  act  upon  the  unaltered  sulphide,  furnishing  metal  ic 
lead  whilst  the  sulphur  is  expelled  in  the  form  of  sulphurous  acid  gas  , 
ppg’+  ^PbO  = Pb3  + SO.,  and  PbS04  + PbS  = Pb,  + 2SO.,. 

During  this  part  of  the  operation  the  contents  of  the  hearth  are  con- 
stantly raked  up  towards  the  fire-bridge,  so  as  to  facilitate  the  separation 
of  The7 lead  and  to  cause  it  to  run  down  into  the  hollow  provided  for 
its  reception.  It  is  also  found  that  the  separation  of  the  lead  hom  the 
slags  is  much  assisted  by  occasionally  throwing  open  the  doors  to  c 
t mfurnace  After  about  four  hours  the  charge  is  reduced  to  a pretty 
flfficl  cSionf  the  lead  having  accumulated  at  the  bottom  of  the 
depressed  portion  of  the  hearth  with  the  slag  above  it , this  slag  con 
^s  chffifly  of  Jhe  silicates  of  lime  and  oxide  of  lead,  and  would  have 
contained  a "larger  proportion  of  the  latter  if  the  Inne  had  not  been 
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Added  as  a flux  at  the  commencement  of  the  operation.  In  order  still 
further  to  reduce  the  quantity  of  lead  in  the  slag,  a few  more  shovelfuls 
of  lime  are  now  thrown  into  the  hearth,  together  with  a little  small 
coal,  the  latter  serving  to  reduce  to  the  metallic  state  the  oxide  of  lead 
displaced  by  the  lime  from  its  combination  with  the  silica.  But  since 
silicate  of  lime  is  far  less  fusible  than  silicate  of  lead,  the  effect  of  this 
addition  of  lime  is  to  dry  up  the  slags  to  a semi-solid  mass,  and  it  will 
now  be  seen  that  if  the  whole  of  the  lime  had  been  added  at  the  com- 
mencement of  the  smelting,  the  diminished  fusibility  of  the  slag  would 
have  opposed  an  obstacle  to  the  separation  of  the  metallic  lead. 

During  the  last  hour  or  so  the  temperature  is  very  considerably 
raised,  and  at  the  expiration  of  about  six  hours,  when  the  greater  portion 
of  the  lead  is  thought  to  have  separated,  the  slag  is  raked  out  through 
one  of  the  doors  of  the  furnace,  and  the  melted  metal  allowed  to  run 
out  through  a tap-hole  in  front  of  the  lowest  portion  of  the  hearth,  into 
an  iron  basin,  from  which  it  is  ladled  into  pig-moulds.  The  rich  slags, 
together  with  the  layer  of  subsulphide  of  lead  (Pb2S)  which  forms  over 
the  surface  of  the  metal,  are  worked  up  again  with  a fresh  charge  of  ore. 

In  the  smelting  of  galena  a very  considerable  quantity  of  lead  is 
carried  off  in  the  form  of  vapour ; and  in  order  to  condense  this,  the 
gases  from  the  furnace  are  made  to  pass  through  flues,  the  aggregate 
length  of  which  is  sometimes  three  or  four  miles,  before  being  allowed 
to  escape  up  the  chimney.  When  these  flues  are  swept,  many  tons  of 
lead  are  recovered  in  the  forms  of  oxide  and  sulphide. 


In  the  north  of  England  the  smelting  of  lead  ores  is  now  generally 
conducted  in  an  economico-furncice  (fig.  252),  or  small  blast-furnace, 
instead  of  in  the  reverberatory  furnace  described  above.  Air  is  supplied 
to  the  furnace  through  three  blast-pipes  (A),  and  the  ore  and  fuel 
being  charged  in  at  B,  the  lead  runs  into  a cavity  (C)  at  the  bottom  of 
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the  furnace,  whilst  the  slag  flows  over  into  a reservoir  (D)  outside  the- 
furnace.  The  charge  is  sprinkled  with  water  through  the  rose  (E) 
fixed  just  above  the  opening  into  the  chimney  (F),  to  prevent  it  from 
being  blown  away  by  the  current  of  air. 

271.  Some  varieties  of  lead,  particularly  those  smelted  from  Spanish 
ores,  are  known  as  hard  lead,  their  hardness  being  chiefly  due  to  the 
presence  of  antimony;  and  since  this  hardness  interferes  materially 
with  some  of  the  uses  of  the  metal,  such  lead  is  generally  subjected  to- 
an  improving  or  calcining  process,  in  which  the  impurities  are  oxidised 
and  removed,  together  with  a portion  of  the  lead,  in  the  dross.*  To 
effect  this,  6 or  8 tons  of  the  hard  iead  are  fused  in  an  iron  pot  (P, 
fig.  253),  and  transferred  to  a shallow  cast-iron  pan  (C)  measuring  about 
10  feet  by  5.  In  this  pan,  which  is  set  in  the  hearth  of  a reverberator}' 
furnace,  and  is  about  8 inches  deep  nearest  the  grate  and  9 inches  at 
the  other  end,  the  lead  is  kept  in  fusion  by  the  flame  which  traverses 
it  from  the  grate  G to  the  flue  F,  for  a period  varying  with  the  degree 
of  impurity,  some  specimens  being  found  sufficiently  soft  after  a single 
day’s  calcination,  whilst  others  must  be  kept  in  a state  of  fusion  foi 
three  or  four  weeks.  The  workman  judges  of  the  progress  of  the  opera- 
tion by  a peculiar  flaky  crystalline  appearance  assumed  by  a small 
sample  on  cooling.  "When  sufficiently  purified,  the  metal  is  run  oft  and 
cast  into  pigs. 

At  first  sight,  it  is  not  intelligible  how  antimony  should  be  removed 
from  lead  by  calcination,  since  lead  is  the  more  easily  oxidised  metaL 
The  result  must  be  ascribed  to  the  tendency  of  antimony  to  form  anti- 
monic  oxide  (Sb.,06),  which  combines  with  the  oxide  of  lead.  The  dross 
(antimoniate  of  lead)  formed  in  this  process,  when  reduced  to  the  metallic- 
state,  yields  an  alloy  of  lead  with  30  or  40  per  cent,  of  antimony,  which 
is  much  used  for  casting  type  furniture  for  printers. 

272.  Extraction  of  silver  from  lead. — The  lead  extracted  from  galena 
often  contains  a sufficient  quantity  of  silver  to  allow  of  its  being  pro- 
fitably extracted.  Previously  to  the  year  1829,  this  was  practicable 
only  when  the  lead  contained  more  than  1 x ounces  of  silver  per  ton,  foi 
the  only  process  then  known  for  effecting  the  separation  of  the  two 
metals  was  that  of  cupellation,  which  necessitates  the  conversion  of  the 
whole  of  the  lead  into  oxide,  which  has  then  to  be  separated  from  the 
silver  and  again  reduced  to  the  metallic  state,  thus  consuming  so  large 
an  amount  of  labour  that  a considerable  yield  of  silver  must  be  obtained 
to  pay  for  it.  By  the  simple  and  ingenious  operation  known  as  1 dam- 
son's desilverising  process,  a very  large  amount  of  the  lead  can  be  at  once 
separated  in  the  metallic  state  with  little  expenditure  of  labour  thus 
leaving  the  remainder  sufficiently  rich  in  the  more  precious  metal  to 
defray  the  cost  of  the  far  more  expensive  process  of  cupellation,  so  that 

* The  following  analyses  illustrate  the  composition  of  hard  lead  : 


English. 

Spanish. 

Lead  . 

99- 27 

95.81 

Antimony  . 

0.57 

3.66 

Copper 

. . 0.12 

0.32 

Iron 

. . 0.04 

100.00 

100. 00 

Fig.  254. — Pattinson’s  desilverisiug  process. 

out  from  beneath  so  that  the  pot  may  gradually  cool,  its  liquid  contents 
being  constantly  agitated  with  a long  iron  stirrer.  As  the  crystals  of 
lead  form,  they  are  well  drained  in  a perforated  ladle  (about  10  inches 
wide  and  5 inches  deep)  and  transferred  to  pot  No.  4.  When  about 
-iths  of  the  metals  have  thus  been  removed  in  the  crystals,  the  portion 
still  remaining  liquid,  which  retains  the  silver,  is  ladled  into  pot  No.  6, 
and  the  pot  No.  5,  which  is  now  empty,  is  charged  with  fresh  argenti- 
ferous lead  to  be  treated  in  the  same  manner. 

When  pots  Nos.  4 and  6 have  received,  respectively,  a sufficient 
quantity  of  the  crystals  of  lead  and  of  the  liquid  part  rich  in  silver, 
their  contents  are  subjected  to  a perfectly  similar  process,  the  crystals 
of  lead  being  always  passed  to  the  left,  and  the  rich  argentiferous  alloy 
to  the  right.  As  the  final  result  of  these  operations,  the  pot  No.  10, 
to  the  extreme  right,  becomes  filled  with  a rich  alloy  of  lead  and  silver, 
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3 or  4 ounces  of  silver  per  ton  can  be  extracted  with  profit.  Pattinson 
founded  his  process  upon  the  observation  that  when  lead  containing  a 
small  proportion  of  silver  is  melted  and  allowed  to  cool,  being  constantly 
stirred,  a considerable  quantity  of  the  lead  separates  in  the  form  of 
crystals  containing  a very  minute  proportion  of  silver,  almost  the  whole 
of  this  metal  being  left  behind  in  the  portion  still  remaining  liquid. 

Eight  or  ten  cast-iron  pots,  set  in  brickwork,  each  capable  of  holding 
about  6 tons  of  lead,  are  placed  in  a row,  with  a fire-place  underneath 
each  of  them  (fig.  254).  Suppose  that  there  are  ten  pots  numbered 
consecutively,  that  on  the  extreme  left  of  the  workman  being  No.  1,  and 
that  on  his  extreme  right  No.  10.  About  6 tons  of  the  lead  containing 
silver  are  melted  in  pot  No.  5,  the  metal  skimmed,  and  the  fire  raked 
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sometimes  containing  300  ounces  of  silver  to  the  ton,  whilst  pot  No.  1, 
to  the  extreme  left,  contains  lead  in  which  there  is  not  more  than 
l ounce  of  silver  to  the  ton.  This  lead  is  cast  into  pigs  for  the  market. 
The  ladle  used  in  the  above  operation  is  kept  hot  by  a small  temper  pot 
containing  melted  lead.  A fulcrum  is  provided  at  the  edge  of  each  pot, 
for  resting  the  ladle  during  the  shaking  of  the  crystals  to  drain  off  the 
liquid  metal.  Any  copper  present  in  the  lead  is  also  left  with  the  silver 
in  the  liquid  portion. 

The  employment  of  a jet  of  steam  for  stirring  the  bath  of  lead  has 
much  reduced  the  time  and  labour  required  in  the  above  process.  This 
also  removes  the  copper  as  oxide,  and  the  antimony  is  carried  oft  in 


the  steam. 

273.  In  order  to  extract  the  silver  from  the  rich  alloy,  it  is  sub- 
jected to  a process  of  refining,  or  cupellation,  which  is  founded  upon 
the  oxidation  suffered  by  lead  when  heated  in  air,  and  upon  the 

absence  of  any  tendency  on  the 
part  of  silver  to  combine  directly 
with  oxygen. 

The  refinery  or  cupelling 
furnace  (fig.  255),  in  which  this 
operation  is  performed,  is  a 
reverberatoiy  furnace,  the 
hearth  of  which  consists  of  a 
cvpel  (C),  made  by  ramming 
moist  powdered  bone-ash  mixed 
with  a little  wood-ash  into  an 
oval  iron  frame  about  4 inches 
deep,  and  provided  with  four 
cross-bars  at  the  bottom,  each 
about  4 inches  wide.  When  this 
frame  has  been  well  filled  with 
bone-ash,  part  of  it  is  scooped 
out,  so  as  to  leave  the  sides 
about  2 inches  thick  at  the  top 
and  3 inches  at  the  bottom,  the 
bone-ash  being  left  about  1 inch 
thick  above  the  iron  cross-bars. 
The  cupel,  which  is  about  4 feet 
Fig.  255. — Cupellation  furnace.  long  by  2 .V  feet  wide,  is  fixed  SO' 

that  the  flame  from  the  grate  (G)  passes  across  it  into  the  chimney  (B), 
and  at  one  end,  the  nozzle  (N)  of  a blowing  apparatus  directs  a blast  of 
air  over  the  surface  of  the  contents  of  the  cupel.  The  latter  is  carefully 
dried  by  a gradually  increasing  heat,  and  is  then  heated  to  redness ; 
the  alloy  of  lead  and  silver,  having  been  previously  melted  in  an  iron 
not  (P)  fixed  by  the  side  of  the  furnace,  is  ladled  in  through  a gutter 
until  the  cupel  is  nearly  filled  with  it ; a film  of  oxide  soon  makes  its 
appearance  upon  the  surface  of  the  lead,  and  is  fused  by  the  high  tem- 
perature When  the  blast  is  directed  upon  the  surface,  it  blows  oft 
this  film  of  oxide,  and  supplies  the  oxygen  for  the  formation  of  another 
film  upon  the  clean  metallic  surface  thus  exposed  A part  of  the  oxide 
of  lead  or  litharge  thus  formed  is  at  first  absorbed  by  the  porous  mate- 
rial of  the  cupel,  but  the  chief  part  of  it  is  forced  by  the  blast  through 
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a channel  cut  for  the  purpose  in  the  opposite  end  to  that  at  which  the 
blast  enters,  and  is  received,  as  it  issues  from  A,  in  an  iron  vessel  placed 
beneath  the  furnace.  In  proportion  as  the  lead  is  in  this  manner  re- 
moved from  the  cupel,  fresh  portions  are  supplied  from  the  adjoining 
melting-pot,  and  the  process  is  continued  until  about  5 tons  of  the  alloy 
have  been  added. 

The  cupellation  is  not  continued  until  the  whole  of  the  lead  has  been 
removed,  but  until  only  ?.  or  3 cwts.  of  that  metal  are  left  in  combina- 
tion with  the  whole  of  the  silver  (say  1000  ounces)  contained  in  the 
5 tons  of  alloy.  The  metal  is  run  through  a hole  made  in  the  bottom 
of  the  cupel,  which  is  then  again  stopped  up  so  that  a fresh  charge  may 
be  introduced.  The  fumes  of  oxide  of  lead  which  are  freely  evolved 
during  this  process  are  carried  oft  by  a hood  and  chimney  (II)  situated 
opposite  to  the  blast  of  air. 

When  three  or  four  charges  have  been  cupelled,  so  as  to  yield  from 
3000  to  5000  ounces  of  silver  alloyed  with  6 or  8 cwts.  of  lead,  the  re- 
moval of  the  latter  metal  is  completed  in  another  cupel,  since  some  of 
the  silver  is  carried  off  with  the  last  portions  of  litharge.  The  appear- 
ances indicating  the  removal  of  the  last  portion  of  lead  are  very  striking ; 
the  surface  of  the  molten  metal,  which  has  been  hitherto  tarnished, 
becomes  iridescent  as  the  film  of  oxide  of  lead  thins  oft,  and  afterwards 
resplendently  bright,  and  when  the  cake  of  refined  silver  is  allowed 
to  cool,  it  throws  up  from  its  surface  a variety  of  fantastic  arborescent 
excrescences,  caused  by  the  escape  of  oxygen  which  has  been  mechani- 
cally absorbed  by  the  fused  silver,  and  is  given  oft  during  solidification. 

The  litharge  obtained  from  the  cupelling  furnaces  is  reduced  to  the 
metallic  state  by  mixing  it  with  small  coal,  and  heating  it  in  a furnace 
similar  to  that  employed  in  smelting  galena. 

Another  process  for  desilverising  lead  (Par Ices’)  consists  in  melting 
about  18  tons  of  the  rich  lead  in  a cast-iron  pot,  and  stirring  it  with 
about  1 per  cent,  of  zinc  for  twenty  minutes  ; on  standing,  the  zinc  rises 
to  the  surface,  bringing  with  it  the  silver  and  some  lead,  forming  a solid 
crust,  which  is  removed  and  distilled  in  a plumbago  crucible  to  recover 
the  zinc.  The  rich  alloy  of  silver  and  lead  remaining  in  the  crucible  is 
cupelled  in  the  usual  way.  The  desilverised  lead  is  freed  from  zinc  by 
the  improving  pi’ocess  (p.  388). 


274.  On  the  small  scale,  lead  may  easily  be  extracted  from  galena  by  mixing  300 
grains  with  450  grains  of  dried  sodium  carbonate  and  20  grains  of  charcoal,  intro- 
ducing the  mixture  into  a crucible,  and  placing  in  it  two  tenpenny  nails,  heads 
downwards.  The  crucible  is  covered  and  heated  in  a moderate  fire  for  about  half 
an  hour.  (A  charcoal  fire  in  the  small  furnace,  fig.  130,  page  116,  will  suffice.) 
The  remainder  of  the  nails  is  carefully  removed  from  the  liquid  mass,  which  is 
then  allowed  to  cool,  the  crucible  broken,  and  the  lead  extracted  and  weighed. 
In  this  process  the  sulphur  of  the  galena  is  removed, 
partly  by  the  sodium  of  the  carbonate  and  partly  by 
the  iron  of  the  nails,  the  excess  of  sodium  carbonate 
serving  to  flux  any  silica  with  which  the  galena  may 
be  mixed.  ’ g 

Or  300  grs.  of  galena  may  be  mixed  with  600  grs.  of  5 

sodium  carbonate  and  200  grs.  of  nitre  (which  oxidises  the  sulphur),  and  fused 
for  half  an  hour. 

To  ascertain  if  it  contains  silver,  the  button  of  lead  is  placed  on  a small  bone- 
ash  cupel  (fig.  256),  heated  in  a muffle  (fig.  257),  until  the  whole  of  the  lead  is 
oxidised  and  absorbed  into  the  bone-ash  of  the  cupel,  leaving  the  minute  globule 
of  silver. 
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Small  globules  of  lead  may  be  conveniently  cupelled  on  charcoal  before  the 
blowpipe,  by  pressing  some  bone-ash  into  a cavity  scooped  in  the  charcoal,  placing 

the  lead  upon  its  surface,  and  exposing  it  to  a 
good  oxidising  flame  (page  109)  as  long  as  it  de- 
creases in  size.  If  any  copper  be  present,  the 
bone-ash  will  show  a green  stain  after  cooling. 
Pure  lead  gives  a yellow  stain. 

275.  Uses  of  lead. — The  employment  of 
this  metal  for  roofing,  Ac.,  has  been  already 
noticed.  Its  fusibility  adapts  it  for  casting 
type  for  printing,  but  it  would  be  far  too 
soft  for  this  purpose ; accordingly,  type-metal 
consists  of  an  alloy  of  4 parts  of  lead  with  x 
of  antimony.  A similar  alloy  is  used  for  the 
bullets  contained  in  shrapnel  shells,  since 
bullets  of  soft  lead  would  be  liable  to  be 
jammed  together,  and  would  not  scatter  so 
well  on  the  explosion  of  the  shell.  On  the 
other  hand,  rifle  bullets  are  made  of  very 
pure  soft  lead,  iix  order  that  they  may  more 
easily  take  the  grooves  of  the  rifle. 

Small  shot  are  made  of  lead  to  which 
about  40  lbs.  of  arsenic  per  ton  has  been 
added.  The. arsenic  dissolves  in  the  lead, 
hardening  it  and  causing  it  to  form  spheri- 
cal drops  when  chilled.  The  fluid  metal  is 
poured  through  a sort  of  colander  fixed  at  the  top  of  a lofty"  tower  (or 
at  the  mouth  of  a deserted  coal  shaft),  and  the  minute  drops  into  which 
it  is  thus  divided  are  allowed  to  fall  into  a vessel  of  water,  after  having 
beeix  chilled  by  the  air  in  their  descent.  They  are  afterwards  soiled, 
and  polished  in  revolving  barrels  containing  plumbago.  If  too  little 
arsenic  is  employed,  the  shot  are  elongated  or  pyriform  ; and  if  the  due 
proportion  has  been  exceeded,  their  form  is  flattened  or  lenticular. 

Composition  tube  used  by  plumbers  is  made  of  lead  hardened  by  a 
little  antimony. 

Common  solder  is  an  alloy  of  equal  weights  of  lead  and  tin,  which  is 
more  fusible  than  either  metal  separately".  Other  alloys  containing  lead 
will  be  noticed  in  their  proper  places. 

Leaden  vessels  are  much  used  in  manufacturing  chemistry,  on  account 
of  the  resistance  of  this  metal  to  the  action  of  acids.  Neither  concen- 
trated sulphuric,*  hydrochloric,  nitric,  or  hydrofluoric  acid  will  act  upon 
lead  at  the  ordinary  temperature.  The  best  solvent  for  the  metal  is 
nitric  acid  of  sp.  gr.  1.2,  since  the  nitrate  of  lead,  being  insoluble  in  an 
acid  of  greater  strength,  would  be  deposited  upon  the  metal,  which  it 
would  protect  from  further  action. 

Lead  is  easily  corroded  in  situations  where  it  is  brought  in  contact 
with  air  highly  charged  with  carbonic  acid  gas,  when  it  absoi’bs  oxyrgen, 
forming  oxide  of  lead,  which  combines  with  carbonic  acid  gas  and  water 
to  produce  the  basic  carbonate  of  lead,  PbC03.Pb(0II),.  The  lead  of 
old  coffins  is  often  found  converted  into  a white  earthy-looking  brittle 
mass  of  basic  carbonate,  with  a very  thin  film  of  metallic  lead  inside  it. 

* It  has  been  found  that  pure  lead  is  slowly  acted  on  by  sulphuric  acid,  hydrogen  being 
evolved.  The  presence  of  a little  antimony  almost  entirely  prevents  the  action. 
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The  basic  carbonate  is  formed  as  a crystalline  silky-looking  precipitate 
when  a piece  of  clean  lead  is  left  in  distilled  water  for  a few  minutes. 

When  lead  is  exposed  to  the  joint  action  of  air  and  of  the  acetic  acid 
contained  in  beer,  wine,  cider,  &c.,  it  becomes  converted  into  acetate  of 
lead  or  sugar  of  lead,  which  is  very  poisonous.  Hence  the  accidents 
arising  from  the  reprehensible  practice  of  sweetening  cider  by  keeping 
it  in  contact  with  lead,  and  from  the  accidental  presence,  in  beer  and 
wine  bottles,  of  shot  which  have  been  employed  in  cleansing  them.  The 
action  of  water  upon  leaden  cisterns  has  been  already  noticed.  Contact 
with  air  and  sea-water  soon  converts  lead  into  oxide  and  chloride. 

276.  Oxides  of  lead. — Five  compounds  of  lead  with  oxygen  are 
known — Pb,0,  PbO,  Pb,03,  Pb304,  PbO,. 

Lead  suboxide , or  plumbous  oxide,  Pb.,0,  is  obtained  by  heating  lead 
oxalate;  2PbC.,04  = Pb20  + CO  + 3C0a.  It  is  a black  powder  which  is 
decomposed  by  acids,  yielding  plumbic  salts  and  metallic  lead. 

The  bright  surface  of  lead  soon  tarnishes  when  exposed  to  the  air, 
becoming  coated  with  a dark  film,  which  is  believed  to  consist  of  sub- 
oxide of  lead.  In  a very  finely  divided  state,  lead  takes  fire  when  thrown 
into  the  air,  and  is  converted  into  oxide  of  lead. 

The  lead  pyropkorus,  for  exhibiting  the  spontaneous  combustion  of  lead,  is  pre- 
pared by  placing  some  lead  tartrate  in  a glass  tube  closed  at  one  end  (fig.  258), 
drawing  the  tube  out  to  a narrow  neck  near  the  open 
end,  and  holding  it  nearly  horizontally,  whilst  the  lead 
tartrate  is  heated  with  a gas  or  spirit  flame  as  long  as  any 
fumes  are  evolved  ; the  neck  is  then  fused  with  a blow- 
pipe flame  and  drawn  off.  Lead  tartrate  (PbC4H4Os), 
when  heated,  leaves  a mixture  of  metallic  lead  with 
charcoal,  which  prevents  it  from  fusing  into  a compact 
mass.  This  mixture  may  be  preserved  unchanged  in 
the  tube  for  any  length  of  time ; but  when  the  neck  is 
broken  off  and  the  contents  scattered  into  the  air,  they 
inflame  at  once,  producing  thick  fumes  of  oxide  of  lead. 

Lead  tartrate  is  prepared  by  adding  solution  of  lead 
acetate  to  solution  of  tartaric  acid  constantly  stirred, 
as  long  as  a precipitate  is  formed.  The  precipitated 
lead  tartrate  is  collected  upon  a filter,  washed  several  times,  and  dried  at  a gentle 
heat. 

Oxide  or  protoxide  of  lead  ( plumbic  oxide)  is  sometimes  found  in  nature, 
crystallised  in  rhombic  octahedra,  and  is  prepared  on  a large  scale  by 
heating  lead  in  air.  When  the  metal  is  only  moderately  heated,  the 
oxide  forms  a yellow  powder,  which  is  known  in  commerce  as  massicot, 
but  at  a higher  temperature  the  oxide  melts,  and  on  cooling  forms  a 
brownish  scaly  mass  which  is  called  litharge  (Xldos,  stone  ; tlpyvpos,  silver ), 
The  litharge  of  commerce  often  has  a red  colour,  caused  by  the  presence 
of  some  red  oxide  of  lead  ; from  1 to  3 per  cent,  of  finely  divided  metallic 
lead  may  also  sometimes  be  found  in  it.  When  heated  to  dull  redness, 
litharge  assumes  a dark  brown  colour,  and  becomes  yellow  on  cooling. 
At  a bright  red  heat  it  fuses,  and  readily  attacks  clay  crucibles,  forming 
n.  fusible  silicate  of  lead,  and  soon  perforating  the  sides.  When  boiled 
with  distilled  water,  litharge  is  dissolved  in  small  quantity,  yielding  a 
•solution  which  is  decidedly  alkaline,  and  becomes  turbid  when  exposed 
to  the  air,  absorbing  carbonic  acid  gas,  and  depositing  lead  carbonate. 
The  presence  of  a small  quantity  of  saline  matter  in  the  water  hinders 
the  solution  of  the  oxide,  but  organic  matter,  and  especially  sugar, 
favours  it.  Oxide  of  lead  is  a powerful  base,  and  has  a strong  tendency 
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to  form  basic  salts.  Hot  solutions  of  potash  and  soda  dissolve  it  readily, 
and  deposit  it  in  pink  crystals  on  cooling. 

Litharge,  from  its  easy  combination  with  silica  at  a high  temperature, 
is  much  used  in  the  manufacture  of  glass  and  in  glazing  earthenware. 
The  assayer  also  employs  it  as  a flux.  A mixture  of  litharge  with  lime 
is  sometimes  applied  to  the  hair,  which  it  dyes  of  a purplish-black  colour, 
due  to  the  formation  of  lead  sulphide  from  the  sulphur  existing  in  hair. 
Dhil  mastic , used  by  builders  in  repairing  stone,  is  a mixture  of  i part 
of  massicot  with  io  parts  of  brick-dust,  and  enough  linseed  oil  to  form 
a paste  ; it  sets  into  a very  hard  mass,  which  is  probably  due  partly  to 
the  formation  of  lead  silicate,  and  partly  to  the  drying  of  the  linseed 
oil  by  oxidation  favoured  by  the  oxide  of  lead. 

Lead  sesquioxule,  Pb.,03,  is  obtained  as  a yellow  precipitate,  by  dis- 
solving PbO  in  caustic  soda  and  adding  sodium  hypochlorite.  Cold 
HC1  dissolves  it  to  a yellow  liquid,  which  slowly  evolves  chlorine. 
Nitric  acid  partly  dissolves  it,  leaving  a brown  residue  of  PbO,.  Heat 
converts  it  into  PbO. 

Led  lead,  or  minium,  is  prepared  by  heating  massicot  in  air  to  about 
6oo°  F.  (316°  C.),  when  it  absorbs  oxygen,  and  becomes  converted  into 
red  lead.  The  massicot  for  this  purpose  is  prepared  by  heating  lead  in 
a reverberatory  furnace  to  a temperature  insufficient  to  fuse  the  oxide 
which  is  formed,  and  rejecting  the  first  portions,  which  contain  iron  and 
other  metals  more  easily  oxidisable  than  lead  (as  cobait),  as  veil  as  the 
last,  which  contain  copper  and  silver,  less  easily  oxidised  than  lead.  The 
intermediate  product  is  ground  to  a fine  powder  and  suspended  in  watei , 
the  coarser  particles  are  thus  separated  from  the  finer,  which  are  (hied, 
and  heated  on  iron  trays  placed  in  a reverberatory  furnace,  till  the 
requisite  colour  has  been  obtained.  Minium  is  largely  used  in  the 
manufacture  of  glass,  whence  it  is  necessary  that  it  should  be  free  fiom 
the  oxides  of  iron,  copper,  cobalt,  &c.,  which  would  colour  the  glass.  It 
is  also  employed  as  a common  red  mineral  colour,  and  in  the  manufacture 

of  lucifer  matches.  • _ _ . . 

When  minium  is  treated  with  dilute  nitric  acid,  lead  nitrate,  Pb(JN  U3),, 
is  obtained  in  solution,  and  peroxide  of  lead  (PbO,)  is  left  as  a.  brow  11 
powder,  showing  that  minium  is  probably  a compound  of  the  oxide  and 
peroxide  of  lead.  The  minium  obtained  by  heating  massicot  in  air  tdl  no 
further  increase  of  weight  is  observed,  has  the  composition  2 PbO. PbO, 
or  Pb.O  , which  would  appear  to  represent  pure  minium;  commercial 
minium,1  however,  has  more  frequently  a composition  corresponding  to 
; PbO. PbO,,  but  when  this  is  treated  with  potash,  PbO  is  dissolved  out, 
and  2PbO.PbO„  remains.  Minium  evolves  oxygen  at  a red  heat,  becoming 
PbO  • hence  the  necessity  for  keeping  the  temperature  below  600  I . 
during  its  preparation.  Hydrochloric  acid,  heated  with  minium,  evolves 
chlorine,  and  leaves  the  white  sparingly  soluble  PbCl  A mixture  of 
dilute  nitric  acid  and  sugar,  or  some  other  oxidisable  body,  will  dissoh  e 
minium  entirely  as  Pb(NO,)s.  Glacial  acetic  acid  dissolves  mmmm. 
without  evolution  of  gas,  to  a colourless  liquid  which  deposits  PbO.  when 

exposed  to  air  or  evaporated,  or  diluted.  . 7 . . - , - 

Peroxide,  or  dioxide,  or  puce  oxide  oj  lead  (plumbic  oxide),  is  touni  1 1 
the  mineral  kingdom  as  heavy  lead  ore,  forming  black,  lustrous,  six-sided 
prisms.  It  may  be  prepared  from  red  lead  by  boiling  it,  m hue  pou  dei , 
with  nitric  acid  diluted  with  five  measures  of  water,  washing,  and  drying. 
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The  dioxide  of  lead  easily  imparts  oxygen  to  other  substances ; sulphur, 
mixed  with  six  times  its  weight  of  PbO,,  may  be  ignited  by  friction ; 
hence  this  oxide  is  a common  ingredient  in  lucifer-match  compositions. 
Its  oxidising  property  is  frequently  turned  to  account  in  the  laboratory ; 
for  example,  in  absorbing  sulphur  dioxide  from  gaseous  mixtures  by 
converting  it  into  sulphate  of  lead;  PbO,  + S02  = PbS04.  Dioxide  of 
lead  is  not  dissolved  by  dilute  acids,  and  has  no  basic  properties ; indeed, 
it  is  sometimes  called  plumbic  anhydride,  for  it  acts  upon  potassium 
hydrate,  yielding  potassium  plumbate  ( K P b 0 3 . 3 II 0 ) , which  has  been 
crystallised  from  an  alkaline  solution,  but  is  decomposed  by  pure  water. 
Lead  dioxide  evolves  01  from  HC1  when  heated,  and  gives,  at  first,  a 
brown  solution  which  yields  a brown  precipitate  with  ammonia,  but  if 
the  solution  be  boiled  till  all  the  01  is  expelled,  it  becomes  colourless 
PbCl.„  and  gives  a white  precipitate  with  ammonia.  PbO  is  converted 
into  Pb0o  by  ozone  and  liydric  peroxide. 

Lead  hydrate , or  hydroxide , Pb(HO)2,  has  not  been  obtained,  but 
Pb(HO)„.PbO  is  formed  as  a white  precipitate  when  air  and  water,  free 
from  CO,,  act  upon  lead.  The  same  substance  is  precipitated  by  alkalies 
from  solutions  of  lead  salts.  It  becomes  PbO  when  heated  to  1450  C. 
The  compound  Pb(110),.2pb0  crystallises  in  octahedra  from  a solution 
of  basic  lead  acetate  mixed  with  ammonia. 

Lead  nitrate,  Pb(N03)2,  crystallises  in  white  octahedra  from  a solution 
of  lead  or  its  oxide  in  dilute  nitric  acid.  It  dissolves  easily  in  water,  but 
not  in  nitric  acid  or  in  alcohol.  It  is  employed  in  dyeing  and  calico- 
printing.  Several  sparingly  soluble  basic  lead  nitrates  are  known. 
When  digested  with  water  and  metallic  lead,  the  nitrate  gives  a 
yellow  solution  which  deposits  yellow  scaly  crystals  of  the  compound 
Pb.OH.jSTO3.Pb. OH. NO,. 

277.  Lead  carbonate,  PbC03,  is  found  in  nature,  as  cerussite,  in  trans- 
parent rhombic  crystals  isomorplious  with  arragonite.  It  may  be  preci- 
pitated by  ammonium  carbonate  and  lead  acetate,  or  by  passing  CO, 
into  a weak  solution  of  lead  acetate.  Potassium  and  sodium  carbonates 
precipitate  basic  lead  carbonates. 

White  lead,  or  ceruse,  is  a basic  carbonate,  or  combination  of  lead 
carbonate,  PbC03,  with  variable  proportions  of  lead  hydrate,  Pb(OIT),. 
This  substance  is  a constant  product  of  the  corrosive  action  of  air  and 
water  upon  the  metal.  Its  formation  is,  of  course,  very  much  encouraged 
by  the  presence  of  organic  matters  in  a state  of  decay,  which  evolve 
carbonic  acid  gas. 

White  lead  is  manufactured  on  the  large  scale  by  two  processes,  which 
depend,  however,  upon  the  same  principle;  this  may  be  stated  as 
follows : lead  oxide,  PbO,  with  acetic  acid,  HC2H30„  yields  lead  acetate, 
Pb(C,H30,)2,  conveniently  written  PbA„.  This  combines  with  lead  hy- 
drate, forming  basic  lead  acetate,  PbA,2Pb(IIO),.  This  is  decomposed  by 
carbonic  acid  gas,  yielding  basic  lead  carbonate  and  normal  lead  acetate  ; 
PbA„.2Pb(H0)2  + C02  = PbC03.Pb(H0)2  + PbA,  + H20.  The  normal  ace- 
tate, in  contact  with  lead,  atmospheric  oxygen,  and  water,  is  converted 
into  the  basic  acetate  ; PbA,  + Pb,  + 0„  + 2pl„0  = PbA,.2Pb(IT0), ; this 
is  again  acted  on  by  C02,  and  the  process  is  continuous. 

In  the  older  of  the  two  processes,  commonly  known  as  the  Dutch 
process,  metallic  lead,  in  the  form  of  square  gratings  cast  from  the  purest 
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lead,  is  placed  over  earthen  pots  containing  a small  quantity  of  common 
vinegar ; a number  of  these  pots  being  built  up  into  heaps,  together  with 
alternate  layers  of  dung  or  spent  tan,  the  heaps  are  entirely  covered  up 
with  the  same  material.  The  metal  is  thus  exposed  to  conditions  most 
favourable  to  its  oxidation,  viz.,  a very  warm  and  moist  atmosphere  pro- 
duced by  the  fermentation  of  the  organic  matters  composing  the  heap, 
and  the  presence  of  a large  quantity  of  acid  vapour  generated  from  the 
acetic  acid  of  the  vinegar.  The  lead  is  therefore  soon  converted  into 
oxide,  a portion  of  which  unites  with  the  acetic  acid  to  form  the  tribasic 
acetate  of  lead,  which  is  then  decomposed  by  the  carbonic  acid  gas, 
evolved  from  the  fermenting  dung  or  tan,  yielding  carbonate  of  lead, 
which  combines  with  another  portion  of  the  oxide  of  lead  and  of  water 
to  form  the  white  lead.  The  neutral  acetate  of  lead  left  after  the 
removal  of  the  oxide  of  lead  from  the  tribasic  acetate,  is  now  ready  to 
take  up  an  additional  quantity  of  the  oxide,  and  the  process  is  thus 
continued  until,  in  the  course  of  a few  weeks,  the  lead  has  become  coated 
with  a very  thick  crust  of  white  lead ; the  heaps  are  then  destroyed,  the 
crust  detached,  washed  to  remove  adhering  acetate  of  lead,  ground  to  a 
paste  with  water,  and  dried.  Rolled  lead  is  not  so  easily  converted  as 
cast  lead. 

The  newer  process  is  a more  direct  application  of  the  same  principle, 
for  it  consists  in  passing  C02  into  an  intimate  mixture  of  litharge  with 
about  i per  cent,  of  lead  acetate,  and  water.  The  CO,  is  obtained 
from  brewers’  fermenting  tuns  or  from  exhalations  from  the  earth. 
Another  process  for  making  white  lead  is  to  grind  together,  for  some 
hours,  common  salt,  litharge,  and  water,  and  to  pass  CO,  into  the  mixture 
until  the  liquid  is  neutral.  Here,  the  formation  of  lead  oxychloride 
instead  of  basic  acetate,  is  probably  the  intermediate  stage. 

The  usual  composition  of  white  lead  is  expressed  by  the  formula 
Pb( OH).,.  2 PbCO.j,  though  other  basic  carbonates  of  lead  are  often  mixed 
with  it. 

White  lead  being  very  poisonous,  its  use  by  painters  and  others  is 
generally  attended  with  symptoms  of  lead  poisoning,  arising  in  many 
cases,  probably,  from  neglecting  to  wash  the  hands  before  eating,  the 
effect  of  lead  being  cumulative , so  that  minute  doses  may  show  their 
combined  action  after  many  days.  Diluted  sulphuric  acid  and  solutions 
of  the  sulphates  of  magnesia  and  the  alkalies  are  sometimes  taken  inter- 
nally to  counteract  its  effect,  since  the  sulphate  of  lead  is  not  poisonous. 

All  paints  containing  lead,  and  cards  glazed  with  white  lead,  are 
blackened  even  by  minute  quantities  of  sulphuretted  hydrogen,  from 
the  production  of  black  sulphide  of  lead.  If  the  blackened  surface 
remain  exposed  to  the  light  and  air,  it  is  bleached  again,  the  sulphide 
of  lead  (PbS)  being  oxidised  and  converted  into  white  sulphate  of  lead 
(PbSO,),  but  this  does  not  take  place  in  the  dark.  A little  sulphide  .of 
lead  or  powdered  charcoal  is  sometimes  mixed  with  commercial  white 
lead  to  give  it  a bluish  tint.  White  lead  probably  owes  much  of  its 
value  in  oil-painting  to  the  formation  of  a lead-salt  with  the  fatty  acid. 
Pure  white  lead  is  easily  soluble  in  acetic  and  dilute  nitric  acids. 

Lead  sulphate , PbSO,,  is  found  naturally  as  anglesite  or  lead  vitriol, 
in  transparent  rhombic  prisms  isomorphous  with  celestme  and  heavy 
spar,  and  is  obtained  as  a heavy  granular  precipitate  when  sulphuric 
acid  is  added  to  a salt  of  lead.  Stirring  much  promotes  the  precipitation. 
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Lead  sulphate  is  very  slightly  soluble  in  water,  and  even  less  so  in  dilute 
sulphuric  acid  and  in  alcohol.  It  is  soluble  in  strong  sulphuric  and 
hydrochloric  acids,  in  sodium  chloride  and  thiosulphate,  and  in  ammo- 
nium acetate  and  tartrate.  At  a red  heat  it  fuses  without  decomposition. 

An  acid  lead  sulphate,  PbH„(S04)2.Aq,  has  been  crystallised.  The 
minerals  lanarkite  and  leadliillite  are  compounds  of  sulphate  and  car- 
bonate of  lead,  PbS04(PbC03)2.H20.  The  chromates  of  lead  have  been 
already  noticed. 

Lead  phosphate,  Pb3(P04)2,  and  arsenate,  associated  with  lead  chloride 
and  carbonate,  are  found  in  certain  minerals. 

278.  Lead  chloride  (PbCl2  = 2 vols.)  forms  the  mineral  termed  horn 
lead.  It  is  one  of  the  few  chlorides  which  are  not  readily  soluble  in 
water,  and  is  precipitated  when  hydrochloric  acid  or  a soluble  chloride 
is  added  to  a solution  of  lead.  Boiling  water  dissolves  about  -,-L-th  of  its 
weight  of  lead  chloride,  and  deposits  it  in  beautiful  shining  white  needles 
on  cooling.  Cold  water  dissolves  about  j-^tli  of  its  weight.  It  fuses 
easily  and  solidifies  again  to  a horny  mass,  like  fused  silver  chloride.  It 
is  converted  into  vapour  at  a high  temperature.  The  specific  gravity  of 
this  vapour  at  1070°  C.  is  9.64  (theory  requires  9.62).  Lead  chloride 
dissolves  easily  in  strong  IIC1,  and  is  precipitated  by  water.  The  solution 
of  lead  chloride  in  water  is  precipitated  by  adding  strong  HC1 ; hence, 
a dilute  II Cl  solution,  when  cold,  retains  very  little  lead  chloride.  Like 
silver  chloride,  lead  chloride  is  soluble  in  sodium  thiosulphate. 

The  lead  oxychloride  (PbCl.,.PbO)  is  formed  when  lead  chloride  is 
heated  in  air,  and  occurs  in  nature  as  matlockite.  Pattinson’s  oxychloride, 
PbCl.OH,  is  sometimes  employed  as  a substitute  for  white  lead  in 
painting,  being  prepared  for  this  purpose  by  decomposing  finely  powdered 
galena  with  concentrated  hydrochloric  acid  (PbS  + 2IICI  = PbCl„  + H S), 
washing  the  resulting  lead  chloride  with  cold  water,  dissolving  it  in 
hot  water,  and  adding  lime-water,  which  precipitates  the  oxychloride ; 
2PbCl2  + Ca(OII)2  = 2PbCl(OII)  + CaCl2. 

Turner  s yellow  (Paris  yellow,  patent  yellow,  mineral  yellow)  is 
another  oxychloride  of  lead  (PbChyPbO),  prepared  by  heating  a mix- 
ture of  litharge  and  sal-ammoniac.  It  has  a fine  golden-yellow  colour, 
is  easily  fused,  and  crystallises  in  octaliedra  on  cooling.  The  mineral 
mendipite  is  an  oxychloride  of  lead  (PbCl2.2PbO)  which  occurs  in 
colourless  prismatic  crystals. 

Lead  tetrachloride , PbCl4,  probably  exists  in  the  brown  solution  of 
Pb02  in  cold  IICl.  It  gives  a brown  precipitate  of  PbO„  when  diluted. 

Lead  chlorobromide  (PbBrCl)  has  been  found  in  crystals  resembling 
lead  chloride  among  the  furnace-products  in  smelting  lead  carbonate 
ore. 

Lead  iodide  (Pbl2)  is  obtained  as  a bright  yellow  precipitate  on  mix- 
ing solutions  of  nitrate  or  acetate  of  lead  and  potassium  iodide.  If  it 
be  allowed  to  settle,  the  liquid  poured  off,  and  the  precipitate  dissolved 
in  boiling  water  (with  one  or  two  drops  of  hydrochloric  acid),  it  forms 
a colourless  solution,  depositing  golden  scales  as  it  cools. 

Ilydriodic  acid  converts  metallic  lead  into  Pbl2.  Like  mercuric 
iodide,  it  dissolves  in  the  alkaline  iodides.  When  heated,  it  becomes  red, 
then  black,  fuses,  and  becomes  a yellow  crystalline  mass  on  cooling. 

279.  Sulphides  of  lead. — Lead  sulphide,  PbS,  is  found  as  galena, 
crystallised  in  dark  grey  lustrous  cubes  of  sp.  gr.  7.5.  It  fuses  when 
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strongly  heated,  and  vaporises  in  a current  of  gas,  condensing  in  small 
crystals.  When  heated  in  air.  it  is  converted  into  a mixture  of  PbO 
and  PbS04.  Strong  PIC1  dissolves  it  when  heated,  evolving  IP2S. 
Nitric  acid  dissolves  it  partly  as  lead  nitrate,  leaving  some  undissolved 
lead  sulphate  mixed  with  sulphur.  Iron,  at  a high  temperature, 
abstracts  the  sulphur  from  it.  Lead  sulphide  is  obtained  as  a black 
precipitate  when  hydrosulphuric  acid  or  a soluble  sulphide  acts  upon  a 
solution  containing  lead,  even  in  minute  proportion. 

A persulphide  of  lead,  the  composition  of  which  has  not  been  ascer- 
tained, is  formed  as  a red  precipitate  when  a solution  of  lead  is  mixed 
with  a solution  of  an  alkaline  sulphide  saturated  with  sulphur  (or  with 
solution  of  ammonium  sulphide  which  has  been  kept  till  it  has  acquired 
a red  colour).  It  is  probably  PbS5. 

Pb.,S  and  Pb,S  are  obtained  as  semi-metallic  masses  by  fusing  lead 

w *1 

sulphide  with  metallic  lead. 

Lead  chlorosul'phide  ( 3PbS.PbCl2)  is  obtained  as  a bright  red  precipi- 
tate when  hydrosulphuric  acid  is  added  in  small  quantity  to  a solution 
of  lead  chloride  in  hydrochloric  acid,  or  when  freshly  precipitated  lead 
sulphide  is  heated  with  solution  of  lead  chloride.  It  is  decomposed  by 


hot  water. 

Lead  selenide  (PbSe)  occurs  associated  with  the  sulphide  in  some  lead 
ores  ; it  much  resembles  galena,  and  has  the  same  crystalline  form. 

280.  Thallium  (Tl=204  parts  by  weight).— The  discovery  of  this  metal  in  1861 
was  one  of  the  first  results  of  the  application  of  the  new  method  of  testing  by 
observation  of  coloured  lines  in  the  spectrum  of  a flame,  described  at  p.  273- 
Crookes  was  examining  the  spectrum  obtained  by  holding  in  the  flame  of  a 
Bunsen  burner  the  deposit  formed  in  the  flues  of  a sulphuric  acid  chamber,  in 
which  pyrites  was  employed  as  the  source  of  sulphur.  A green  line  made  its 
appearance  in  the  spectrum,  which  a less  acute  and  practised  observer  might 
have  mistaken  for  one  of  the  lines  caused  by  barium  (see  fig.  227),  with  which  it 
nearly  coincides  in  position  ; but  the  line  was  much  brighter  than  that  produced 
by  barium,  and  on  instituting  a searching  analysis  of  the  deposit,  a metal  was 
obtained  which  did  not  agree  in  properties  with  any  hitherto  described,  and  was 
named  thallium,  from  OaWos,  a young  shoot,  in  allusion  to  the  vernal  green  colour 
of  its  spectrum  line.  It  has  since  been  detected  in  several  mineral  waters;  but 
the  pyrites  obtained  from  Spain  and  Belgium  appears  to  be  its  best  source.  From 
the  flue-dust  of  the  sulphuric  acid  chambers,  the  metal  is  extracted  by  a simple 
■process  but  large  quantities  must  be  operated  on  to  obtain  any  considerable 
amount.  The  deposit  is  treated  with  boiling  water,  and  the  solution  mixed 
with  much  strong  hydrochloric  acid,  which  precipitates  the  thallium  as  thallous 
chloride  fTlCl) ; this  is  converted  into  acid  thallous  sulphate  (T1HSOJ  by  treat- 
ment with  sulphuric  acid,  and  this  salt  having  been  purified  by  recrystallisation, 
is  decomposed  by  zinc,  which  precipitates  metallic  thallium  m a spongy  iorm, 
fusible  into  a compact  mass  in  an  atmosphere  of  coal  gas. 

In  external  characters  thallium  is  very  similar  to  lead  ; but  it  tarnishes  much 
more  rapidly  when  exposed  to  air,  and  the  streak  which  it  makes  on  paper  soon 
becomes1  yellowish,  being  converted  into  thallous  oxide,  Tl.,0.  If  a tarnished 
piece  of  the  metal  be  allowed  to  touch  the  tongue,  a strongly  alkaline  taste  is 
perceived  for  the  thallous  oxide  (Tl.,0)  is  very  soluble  in  water,  so  that  the  tarn- 
ished metal  becomes  bright  when  immersed  in  water.  If  granulated  thallium 
be  exposed  to  moist  air  in  a warm  place,  it  absorbs  oxygen  and  carbonic  acid  gas. 
On  S with  water  and  filtering,  the  alkaline  solution  deposits  white  needles 
of  thallous  carbonate  (T12C03),  and  afterwards  yellow  needles  of 
moil)  The  ready  solubility  of  the  oxide  seemed  to  require  thallium  to  he 
cL^ed  among  the  alkali-metals,  a view  which  was  encouraged  by  the  circum- 
s Sfe S specific  heat  proved  it  to  be 

t»  i i/u  it  Vip  more  nearly  related  to  anotnei  monatomic  meun, 

Slve  “Xe  SS  solub  li?y  S iS  chloride  and  the  insolubility  of  its  sulphide. 
Ihe  kclmrstanoe  that  it  may  be  kept  unaltered  in  water,  and  may  beprecp.tatcd 
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from  its  salts  by  zinc,  at  once  removes  it  from  the  group  of  alkali-metals.  The 
ready  solubility  of  its  oxide  in  water  is  only  an  exaggeration  of  the  behaviour  of 
the  oxides  of  lead  and  silver,  both  of  which  dissolve  slightly  in  water,  yielding 
alkaline  solutions.  Moreover,  its  hydrate  is  far  less  stable  than  those  of  potas- 
sium and  sodium,  for  it  becomes  T120  when  dried  in  vacuo  over  oil  of  vitriol. 
Diluted  sulphuric  acid  acts  upon  thallium  as  upon  zinc,  evolving  hydrogen.  It 
is  not  much  affected  by  diluted  nitric  acid  in  the  cold ; even  on  heating,  the 
action  is  slow  unless  the  acid  is  very  weak.  On  cooling,  the  solution  becomes 
filled  with  needles  of  thallous  nitrate.  Thallium  burns  in  oxygen  with  a beautiful 
green  flame,  and  the  thallous  chlorate  has  been  recommended  for  the  manufacture 
of  green  fires  in  place  of  barium  chlorate  (see  page  165). 

Thallous  sulphate , TL,S04,  is  obtained  by  dissolving  thallium  in  sulphuric  acid 
and  evaporating ; the  acid  sulphate,  T1I1SO.,,  first  produced,  being  decomposed 
by  further  heating.  TJ2S04  is  isomorphous  with  K,S04,  and  it  forms  thallous  alum, 
T1A1(S0.,)2.  iaAq,  crystallising  like  potash-alum.  Thallous  chloride,  T1C1,  resembles 
lead  chloride,  being  precipitated  by  adding  HC1  to  a solution  of  a thallous  salt, 
and  being  dissolved  by  boiling  water  from  which  it  crystallises  on  cooling. 
Thallous  iodide,  Til,  is  obtained  as  a yellow  precipitate  on  adding  potassium 
iodide  to  a thallous  salt ; when  dried  and  heated,  it  fuses  to  a red  liquid,  which 
remains  red  after  solidifying,  and  changes,  after  a time,  to  yellow.  When  spread 
on  paper,  the  yellow  iodide  becomes  red  when  heated,  and  remains  red  on  cool- 
ing, but  becomes  yellow  when  rubbed  with  a hard  body.  Thallous  sulphide,  TRS, 
is  deposited  as  a brownish-black  precipitate,  on  adding  ammonium  sulphide  to  a 
thallous  salt.  Thallic  oxide,  T1203,  is  obtained  by  adding  sodium  hypochlorite  to 
thallous  chloride  mixed  with  excess  of  sodium  carbonate.  It  is  a dark  red  sub- 
stance, which  evolves  oxygen  and  leaves  thallous  oxide  when  heated.  It  is  also 
a basic  oxide,  its  sulphate  having  the  composition  Tl2(S04)3.H20.6Aq.  Thallic 
chloride,  T1C13,  is  formed  by  heating  thallium  in  excess  of  chlorine  ; it  is  soluble 
and  crystallisable. 

Salts  of  thallium,  like  those  of  lead,  are  poisonous. 

SILVER. 

Ag'=  108  parts  by  weight. 

281.  In  silver,  we  meet  with  the  first  metal  hitherto  considered  which 
is  not  capable  of  undergoing  oxidation  in  the  air,  and  this,  in  conjunc- 
tion with  its  beautiful  appearance,  occasions  its  manifold  ornamental 
uses,  which  are  much  favoured  also  by  the  great  malleability  and  duc- 
tility of  this  metal  (in  which  it  ranks  only  second  to  gold),  for  the 
former  property  enables  it  to  be  rolled  out  into  thin  plates  or  leaves,  so 
that  a small  quantity  of  silver  suffices  to  cover  a large  surface,  whilst 
its  ductility  permits  the  wire-drawer  to  produce  that  extremely  thin 
silver  wire  which  is  employed  in  the  manufacture  of  silver  lace. 

Silver,  although  pretty  widely  diffused,  is  found  in  comparatively 
small  quantity,  and  hence  it  bears  a high  value,  which  adapts  it  for  a 
medium  of  currency. 

As  might  be  expected  from  its  want  of  direct  attraction  for  oxygen, 
silver  is  found  frequently  in  the  metallic  or  native  state,  crystallised  in 
cubes  or  octahedra,  which  are  sometimes  aggregated  together,  as  in  the 
silver-mines  of  Potosi,  into  arborescent  or  dendritic  forms;  it  generally 
contains  copper  and  gold.*  Silver  is  more  frequently  met  with,  however, 
in  combination  with  sulphur,  forming  the  sulphide  of  silver  (Ag.,S),  which 
is  generally  associated  with  large  quantities  of  the  sulphides  of  lead, 
antimony,  and  iron.  The  largest'  supplies  of  silver  are  obtained  from 
the  Mexican  and  Peruvian  mines,  but  the  quantity  furnished  by  Saxony 
and  Hungary  is  by  no  means  insignificant.  Silver  chloride  is  found  in 

* Flight  fouud  23  per  cent,  of  mercury  in  a specimen  of  native  silver  from  Kongsbero-. 
Other  samples  also  proved  to  be  amalgams. 
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Fig.  259. — Liquation  hearth. 


considerable  quantity  in  the  spongy  deposits  of  silica  round  the  Great 
Salt  Lake  in  Utah.  The  process  by  which  silver  is  extracted  from  galena 
has  been  already  described  under  the  history  of  lead. 

The  ores  of  copper  (particularly  the  grey  copper  ore)  often  contain  so 
much  silver  as  to  be  worth  working  for  that  metal,  in  which  case  they 
are  smelted  in  the  usual  way,  when  the  copper  obtained  is  found  to  con- 
tain the  whole  of  the  silver  present 
in  the  ore.  The  silver  is  separated 
from  the  copper  by  taking  advantage 
of  the  facility  with  which  the  former 
metal  is  dissolved  by  melted  lead. 
The  process  of  liquation , as  it  is 
termed,  consists  in  fusing  the  argent- 
iferous copper  with  about  thrice  its 
weight  of  lead,  and  casting  the  alloy 
thus  obtained  into  cakes  or  discs, 
which  are  afterwards  gradually  heated 
upon  a hearth  (fig.  259),  so  contrived 
that  the  lead,  which  melts  much  more 
easily  than  the  copper,  may  flow  off  in 
the  liquid  state,  carrying  with  it,  in  the  form  of  an  alloy,  the  silver 
which  was  associated  with  the  copper,  leaving  this  last  metal  in  porous 
masses,  having  the  form  of  the  original  discs,  upon  the  hearth.  The 
lead  and  silver  are  separated  by  the  process  of  cupellation  (p.  390). 

When  the  extraction  of  the  silver  is  the  main  object  with  which  a 
particular  ore  is  treated,  the  process  of  amalgamation  is  adopted,  in 
which  the  silver  is  dissolved  out  by  means  of  mercury.  At  Freiberg, 
the  silver  is  extracted  by  this  method  from  an  ore  which  contains  silver 
sulphide  together  with  much  iron  pyrites  and  other  metallic  sulphides. 
The  ore  is  mixed  with  a small  proportion  of  common  salt,  and  roasted 
in  a reverberatory  furnace,  when  the  silver  sulphide  is  converted  into 
silver  chloride.  It  is  then  ground  to  a very  fine  powder,  which  is 
agitated,  in  revolving  casks,  with  water  and  metallic  iron,  when  the 

latter  appropriates  the  chlorine  and  reduces 
the  silver  to  the  metallic  state.  A quantity 
of  mercury  is  then  introduced  into  the  casks, 
and  the  revolution  continued  for  several  hours  ; 
the  mercury  dissolves  the  silver,  copper,  and 
lead,  and  is  run  out  of  the  barrels  into  stout 
linen  strainers,  which  allow  the  excess  of  fluid 
mercury  to  pass  through,  but  retain  the  soft 
solid  amalgam  containing  the  silver.  In  order 
to  recover  the  silver,  this  amalgam  is  placed 
in  iron  trays  arranged  one  above  the  other 
(fig.  260),  and  covered  with  an  iron  bell-shaped 
receiver  standing  over  water.  By  heaping 
burning  fuel  round  the  upper  part  of  this 
dome,  its  temperature  is  raised  sufficiently  to 
convert  the  mercury  into  vapour,  which  con- 
denses again  in  the  water,  leaving  the  silver,  together  with  the  copper 
and  lead,  upon  the  iron  trays.  Finally,  the  silver  is  refined  by  fusing 
it  with  an  additional  quantity  of  lead  and  subjecting  the  alloy  to  cupel- 


Fig.  260. 
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lation  (p.  390),  when  the  fused  oxide  of  lead  which  is  formed  carries  with 
it  the  copper,  also  in  the  form  of  oxide,  leaving  the  silver  in  a state  of 
purity. 

Various  methods  have  been  devised  to  supersede  the  amalgamation 
process.  For  example,  the  ores  have  been  roasted  with  common  salt  to 
convert  the  silver  into  chloride,  which  is  dissolved  out  of  the  mass  by 
means  of  a strong  solution  of  common  salt,  from  which  the  silver  is 
afterwards  precipitated  in  the  metallic  state  by  copper,  or  as  silver  iodide, 
by  adding  kelp  liquor,  the  silver  iodide  being  reduced  by  zinc,  and  the 
zinc  iodide  used  to  precipitate  a fresh  portion  of  silver.  . Sodium  hypo- 
sulphite has  also  been  employed  to  dissolve  out  the  silver  chloride,  and 
the  solution  precipitated  by  sodium  sulphide,  the  resulting  silver  sul- 
phide being  roasted  to  remove  the  sulphur  and  leave  metallic  silver. 

Although  silver  is  capable  of  resisting  the  oxidising  action  of  the 
atmosphere,  it  is  liable  to  considerable  loss  by  wear  and  tear  in  con- 
sequence of  its  softness,  and  is  therefore  always  hardened,  for  useful 
purposes,  by  the  addition  of  a small  proportion  of  copper'.  The  standard 
silver  employed  for  coinage  and  for  most  articles  of  silver  plate  in  this 
country,  contains,  in  1000  parts,  925  of  silver  and  75  of  copper,  whilst 
that  used  in  France  contains  900  of  silver  and  100  of  copper.  English 
standard  silver  is  said  to  have  a fineness  of  925,  and  French,  of  900. 

Standard  silver,  for  coining  and  other  purposes,  is  whitened  by  being 
heated  in  air  and  immersed  in  diluted  sulphuric  acid,  which  dissolves 
out  the  oxide  of  copper,  leaving  a superficial  film  of  nearly  pure  silver. 
Dead  or  frosted  silver  is  produced  in  this  manner.  Oxidised  silver  is 
covei  ed  with  a thin  film  of  sulphide  by  immersion  in  a solution  obtained 
by  boiling  sulphur  with  potash. 

The  solder  employed  in  working  silver  consists  of  5 parts  of  silver, 
2 of  zinc,  and  6 of  brass. 

Plated  articles  are  manufactured  from  copper  or  one  of  its  alloys, 
which  has  been  united,  by  rolling,  with  a thin  plate  of  silver,  the 
adhesion  of  the  latter  being  promoted  by  first  washing  the  surface  of 
the  copper  with  a solution  of  silver  nitrate,  when  a film  of  this  metal  is 
deposited  upon  its  surface,  the  copper  taking  the  place  of  the  silver  in 
the  solution. 


Electro-plating  consists  in  covering  the  surface  of  baser  metals  with  a 
coating  o silv er,  by  connecting  them  with  the  negative  (or  zinc)  pole  of 
the  galvanic  battery,  and  immersing  them  in  a solution  made  by  dis- 
so  vmg  silver  cyanide  in  potassium  cyanide ; * the  current  gradually 
( ecomposes  the  silver  cyanide,  and  this  metal  is  of  course  (see  p.  11) 
c eposi  ec  upon  the  object  connected  with  the  negative  electrode,  whilst 
ie  cyanogen  liberated  at  the  positive  (copper  or  platinum)  electrode  is 
a owe  0 act  upon  a silver  plate  with  which  this  is  connected,  so  that 
ie  silvering  solution  is  always  maintained  at  the  same  strength,  the 
quan  1 y o silver  dissolved  at  this  electrode  being  precisely  equal  to 
that  deposited  at  the  opposite  one. 

Biass  and  copper  are  sometimes  silvered  by  rubbing  them  with  a 
mix  me  or  10  parts  of  silver  chloride,  with  1 of  corrosive  sublimate 
(mercuric  chloride)  and  100  of  bitartrate  of  potash.  The  silver  and 
meicuiy  are  both  reduced  to  the  metallic  state  by  the  baser  metal,  and 


dissolv^n o *?*  potassium  cyanide  in  10  parts  of  water,  with  50  grains  of  silver  chloride 
dissolved  in  each  pint  of  the  liquid,  will  answer  the  purpose. 
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an  amalgam  of  silver  is  formed,  which  readily  coats  the  surface.  The 
acidity  of  the  bitartrate  of  potash  promotes  the  reduction.  The  surface 
to  be  silvered  should  always  be  cleansed  from  oxide  by  momentary 
immersion  in  nitric  acid,  and  washed  with  water.  For  dry  silvering , an 
amalgam  of  silver  and  mercury  is  applied  to  the  clean  surface,  and  the 
mercury  is  afterwards  expelled  by  heat. 

Silvering  upon  glass  is  effected  by  means  of  certain  organic  substances 
which  are  capable  of  precipitating  metallic  silver  from  its  solutions. 
Looking-glasses  have  been  made  by  pouring  upon  the  surface  of  plates 
of  class  a solution  containing  silver  tartrate  and  ammonium  tartrate. 
On  heating  the  glass  plates  to  a certain  temperature,  the  tartrate  is 
reduced,  and  the  metallic  silver  is  deposited  in  a closely  adhering,  film. 
Glass  globes  and  vases  are  silvered  internally  by  a process  which  is 
exactly  similar  in  principle.  The  coating  is  rendered  more  adherent  by 
sprinkling  it  with  a weak  solution  of  potassio-mercuric  cyanide,  which 
amalgamates  the  silver. 

Small  surfaces  of  glass  for  optical  purposes  may  be  silvered  iu  the  foUowmg 

manner  •- Dissolve  one  gramme  of  silver  nitrate  m 20  cubic  centimetres  of  dis 

tilled  water,  and  add  weak  ammonia  carefully  until  the  precipitate  is  almost 
entirely  dissolved.  Filter  the  solution  and  make  it  up  to  100  cubic  centime^ 
(fL-illpd  water  Then  dissolve  2 grammes  of  silver  nitrate  111  a little  dis- 
HEed  wS  anladd  it  to  a litre  of  boiling  distilled  water  Add  1.66  gramme  of 
Rochelle  salt  (tartrate  of  potassium  and  sodium),  and  boil  till  the  precipitated 

Si‘SLft“  with  nitric  acid,  distilled  water, 

potash  distilled  water,  alcohol,  distilled  water ; place  it  m a clean  glass  01  poice 
Kin  vessel  with  the  side  to  be  silvered  uppermost.  Mix  equal  measures  of  the 
two  silver  solutions  (cold),  and  pour  the  mixture  in  so  as  to  cover  the  glass,  which 
Sll  be  shvered  in  about  an  hour.  After  washing,  it  may  be  allowed  to  dry,  and 
varnished. — Instruction  in  Physics  m the  Laboratory  at  South  Kensington. 

Verv  2*0 od  mirrors  may  be  made  by  adding  ammonia  to  weak  silver  nitrate  till 
the  precipitate  just  redissolves,  then  a little  potash,  then  ammonia  till  the  liquid 
is  clear  and  then  a very  little  glycerin.  If  a watch-glass  be  floated  on  this  liquid, 
and  a gentle  heat  applied,  a good  mirror  will  be  formed  m a few  minutes. 

Pure  silver  is  easily  obtained  from  standard  silver  by  dissolving  it  in 
nitric  acid,  with  the  aid  of  heat,  diluting  the  solution  with  water, 
adding  solution  of  common  salt  as  long  as  it  produces  any  fresh  preci- 
pitate of  silver  chloride,  washing  the  precipitate  by  decantation  as  long 
as  the  washings  give  a blue  tinge  with  ammonia,  and  fusing  the  dried 
precipitate  with  half  its  weight  of  dried  sodium  carbonate  m a brisk 
fire  when  a button  of  silver  will  be  found  on  breaking  the  crucible- 
2AgCl  + Na2C03  = Ag.,  + aNaCl  + 0 + CO., 

When  fused  in  air,  silver  occludes  oxygen,  a portion  of  which  it 
evolves  during  solidification,  causing  sprouting  on  the  surface  of  the 
partly  solidified  metal,  and  sometimes  projection  of  portions  of  the 
mass7  After  cooling,  it  still  retains  oxygen,  which  can  only  be  ex- 
pelled by  heating  to  about  6oo°  C.  in  a vacuum.  This  may  amount  to 
To  2 per  cent,  by  weight,  and  has  to  be  taken  into  consideration  m 

determining^tomo  weights  mso f ;1  ai*. 

gravity  being  1 ' any  other  metal  except  gold,  which  it  sur- 

malleable  and  ductile  tlrnn^  y & ^ ^ temperature  th 

passes  m tenacity.  and  . the  best  conductor  of 

gold  or  copper  (about  1900  r.,  mj/ 
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(heat  and  electricity.  It  may  be  distilled  at  a white  heat.  It  is  not 
oxidised  by  dry  or  moist  air,  either  at  the  ordinary  or  at  high  tem- 
peratures, but  is  oxidised  by  ozone,  and  tarnished  by  air  containing 
sulphuretted  hydrogen,  from  the  production  of  silver  sulphide,  which 
is  easily  removed  by  solution  of  potassium  cyanide.  Pure  TLS  does  not 
act  upon  silver.  It  is  unaffected  by  dilute  acids,  with  the  exception  of 
nitric ; but  hot  concentrated  sulphuric  acid  converts  it  into  silver  sul- 
phate, and  when  boiled  with  strong  hydrochloric  acid,  it  dissolves  to  a 
slight  extent  in  the  form  of  silver  chloride,  which  is  precipitated  on 
adding  water.  Strong  hydriodic  acid  dissolves  silver,  evolving  hydro- 
gen ; silver  iodide  is  precipitated  on  addition  of  water.  The  potassium 
and  sodium  hydrates  do  not  act  on  silver  to  the  same  extent  as  on 
platinum  when  fused  with  it;  hence  silver  basins  and  crucibles  are 
much  used  in  the  laboratory. 

283.  Oxides  of  silver. — There  are  three  compounds  of  silver  with 
•oxygen — the  suboxide,  AgtO  ; the  oxide  Ag30  ; and  the  peroxide,  pro- 
bably Ag303,  which  is  not  known  in  the  pure  state.  The  oxide  alone 
has  any  practical  interest,  as  being  the  base  of  the  salts  of  silver. 

Silver  oxide  (Ag,0)  is  obtained  as  a brown  precipitate  when  solution 
of  silver  nitrate  is  decomposed  by  potash.  It  is  prepared  by  dissolving 
half  an  ounce  of  silver  nitrate  in  four  ounces  of  water,  and  pouring  it 
into  a bottle  containing  three  pints  and  a half  of  lime  water.  The  oxide 
may  be  washed  by  decantation.  It  is  a powerful  base,  slightly  soluble 
in  water,  to  which  it  imparts  a weak  alkaline  reaction.  A temperature 
of  250°  C.  decomposes  it  into  its  elements.  It  acts  as  a powerful  oxi- 
dising agent.  When  moist  freshly  precipitated  silver  oxide  is  covered 
with  a strong  solution  of  ammonia,  and  allowed  to  stand  for  some 
hours,  it  becomes  black,  crystalline,  and  acquires  dangerously  explosive 
properties.  The  composition  of  this  fulminating  silver  is  not  accurately 
known,  but  it  is  supposed  to  be  a silver  nitride,  NAg.,,  corresponding 
in  composition  to  ammonia. 

Silver  nitrate  ( AglSTO.,),  or  lunar  caustic  (silver  being  distinguished  as 
lima  by  the  alchemists),  is  procured  by  dissolving  silver  in  nitric  acid,* 
with  the  aid  of  a gentle  heat,  evaporating  the  solution  to  dryness,  and 
heating  the  residue  till  it  fuses,  in  order  to  expel  the  excess  of  acid.  It 
fuses  at  198°  C.  For  use  in  surgery,  the  fused  nitrate  is  poured  into 
cylindrical  moulds,  so  as  to  cast  it  into  thin  sticks ; but  for  chemical 
purposes  it  is  dissolved  in  water  and  crystallised,  when  it  forms  colour- 
less square  tables  easily  soluble  in  water  and  alcohol.  The  action  of 
nitrate  of  silver  as  a caustic  depends  upon  the  facility  with  which  it 
parts  with  oxygen,  the  silver  being  reduced  to  the  metallic  state,  and 
the  oxygen  combining  with  the  elements  of  the  organic  matter.  This 
effect  is  very  much  promoted  by  exposure  to  sunlight,  or  diffused  day- 
light. Pure  silver  nitrate  is  not  changed  by  exposure  to  light,  but  if 
organic^  matter  be  present,  a black  deposit,  containing  finely  divided 
silver,  is  produced.  Thus,  the  solution  of  silver  nitrate  stains  the 
fingers  black  when  exposed  to  light,  but  the  stain  may  be  removed  by 
potassium  cyanide.  If  solution  of  silver  nitrate  be  dropped  upon  paper, 
and  exposed  to  light,  black  stains  will  be  produced,  and  the  paper  cor- 
roded. Silver  nitrate  is  a frequent  constituent  of  marking-inks,  since  the 

* ^or  3 ounces  of  silver,  take  if  fluid  ounce  of  strong  nitric  acid,  and  5 fluid  ounces  of 

Wilier. 
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deposit  of  metallic  silver  formed  on  exposure  to  light  is  not  removable 
by  washing.  The  linen  is  sometimes  mordanted  by  applying  a solution 
of  sodium  carbonate  before  the  marking-ink,  when  the  insoluble  silver 
carbonate  is  precipitated  in  the  fibre,  and  is  more  easily  blackened  than 
the  nitrate,  especially  if  a hot  iron  is  applied.  Marking-inks  without 
preparation  are  made  with  silver  nitrate  containing  an  excess  of  am- 
monia, which  appropriates  the  nitric  acid,  and  hastens  the  blackening 
on  exposure  to  light  or  heat.  ITair-dyes  often  contain  silver  nitrate. 
The  important  use  of  this  salt  in  photography  has  been  noticed  already 
(page  21 1). 

Hydrogen  slowly  reduces  silver  nitrate,  precipitating  the  metal. 

In  order  to  prepare  silver  nitrate  from  standard  silver  (containing  copper),  the 
metal  is  dissolved  in  moderately  strong  nitric  acid,  and  the  solution  evaporated  to 
dryness  in  a porcelain  dish,  when  a blue  residue  containing  the  nitrates  of  silver 
and  copper  is  obtained.  The  dish  is  now  moderately  heated  until. the  residue  has 
fused,  and  become  uniformly  black,  the  blue  copper  nitrate  being  decomposed 
and  leaving  black  copper  oxide,  at  a temperature  which  is  insufficient  to  decom- 
pose the  silver  nitrate.  To  ascertain  when  all  the.  copper  nitrate  is  decomposed, 
a small  sample  is  removed  on  the  end  of  a glass  rod,  dissolved  in  water,  filtered, 
and  tested  with  ammonia,  which  will  produce  a blue  colour  if  any  copper  nitia  e 
is  left.  The  residue  is  treated  with  hot  water,  the  solution  filtered  from  the 
copper  oxide,  and  evaporated  to  crystallisation. 

Silver  nitrate  forms  crystalline  double  salts  with  one  molecule  of  potassium  01 

ammonium  nitrate. 

Silver  ammonio-nitrate,  AgN 03.  2 N H3,  may  be  crystallised  fiom  a 
strong  solution  of  silver  nitrate  saturated  with  ammonia. 

Silver  nitrite,  AgNO,,  is  obtained  as  a white  precipitate  from  potassium 
nitrite  and  silver  nitrate.  It  is  soluble  in  hot  water  and  crystallises  m 
prisms.  By  long  boiling  with  water,  it  is  decomposed 
2AgN02  = AgN  03  + Ag  + NO.  ^ 

Silver  hyponitrite,  AgNO,  forms  a yellow  precipitate  resembling 

Ag,PO,  (see  p.  144)-  , , 1 

Silver  carbonate,  Ag„C03,  is  obtained  in  transparent  yellow  crystals 

when  moist  silver  oxide  is  acted  on  by  carbonic  acid.  It  dissolves  m 
solution  of  carbonic  acid,  like  CaC03,  and  is  deposited  in  crystals  when 
the  solution  is  exposed  to  the  air.  It  is  feebly  alkaline  to  moist  tes  - 
paper.  It  bears  heating  to  nearly  the  boiling  point  of  oil,  and  fuses 
iust  before  decomposition.  Silver  carbonate  forms  a yellowish  whi  e 
precipitate  when  silver  nitrate  is  decomposed  by  an  alkaline  carbonate. 

284.  Silver  chloride,  or  argentic  chloride  (AgCl),  is  an  important  com- 
pound as  being  the  form  into  which  silver  is  commonly  converted  m 
extracting  it  from  its  ores,  and  in  separating  it  from  other  metals  It 
separates  as  a white  curdy  precipitate,  when  solution  of  hydrochloiic 
acid  or  a chloride  is  mixed  with  a solution  containing  silver  Ihe 
precipitate  is  brilliantly  white  at  first,  but  soon  becomes  violet  and 
eventually  black,  if  exposed  to  daylight,  or  more  rapidly  in  sunlight, 
the  chloride  of  silver  being  reduced  to  subcliloride  (Ag,Cl),  with  separa- 
tion of  chlorine  (see  page  an).  The  blackening  takes  place  more 
rapidly  in  the  presence  of  an  excess  of  silver  nitrate  or  of  01  game 
matter,  upon  which  the  liberated  chlorine  is  capable  o actin  The 
silver  chloride  formed  by  suspending  silver  leaf  in  a bottle  of  chloi 
gas,  is  not  blackened  by  light.  If  the  white  silver  chloride  be  dned 
in  the  dark,  and  heated  in  a crucible,  it  fuses  at  451  C.,  to  a 
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brownish  liquid,  which  solidifies,  on  cooling,  to  a transparent,  nearly 
colourless  mass,  much  resembling  horn  in  external  characters  ( horn 
silver ) ; a strong  heat  converts  it  into  vapour,  but  does  not  decompose 
it.  If  fused  silver  chloride  be  covered  with  hydrochloric  acid,  and  a 
piece  of  zinc  placed  upon  it,  it  will  be  found  entirely  reduced,  after  a 
few  hours,  to  a cake  of  metallic  silver ; the  first  portion  of  silver  having 
been  reduced  in  contact  with  the  zinc,  and  the  remainder  by  the  galvanic 
action  set  up  by  the  contact  of  the  two  metals  beneath  the  liquid. 
Fusion  with  sodium  carbonate  reduces  silver  chloride — 

2AgCl  + Na2C03  = Ag.2  + 2NaCl  + CO.,  + 0. 

Silver  chloride  is  slightly  soluble  in  strong  HOI,  and  in  strong  solutions 
of  alkaline  chlorides.  Potassium  cyanide  dissolves  it  readily,  and  the 
solution  is  used  in  electro-plating.  Ammonia  readily  dissolves  silver 
chloride,  and  the  solution  deposits  colourless  crystals  of  the  chloride 
when  evaporated.  If  the  ammonia  be  very  strong,  the  solution  deposits 
a crystalline  compound  of  silver  chloride  with  ammonia,  aAgCl^HH,. 
The  absorption  of  ammoniacal  gas  by  silver  chloride  has  been  noticed 
at  page  127,  and  the  photographic  application  of  the  chloride  at  page 
2 x 1. 

Recovery  of  silver  from  old  photographic  Laths. — One  of  the  simplest  methods  of 
effecting  this  consists  in  mixing  the  liquid  with  solution  of  common  salt  as  long 
as  it  causes  a fresh  precipitate  of  silver  chloride,  which  is  allowed  to  subside, 
washed  once  or  twice  by  decantation,  mixed  with  a little  sulphuric  acid,  a lump 
of  zinc  (spelter)  placed  in  it,  and  left  for  a day  or  two  to  reduce  the  silver  to  the 
metallic  state.  The  zinc  is  then  taken  out,  and  the  metallic  silver  well  washed 
by  decantation,  first  with  dilute  sulphuric  acid,  to  remove  zinc,  and  afterwards 
with  water,  till  the  washings  are  quite  tasteless.  It  may  either  be  reconverted 
into  nitrate  by  dissolving  in  nitric  acid  (p.  403),  or  fused  in  an  earthen  crucible 
with  a little  borax. 

From  the  fixing  solutions  containing  sodium  hyposulphite,  the  silver  cannot  be 
precipitated  by  salt,  because  the  silver  chloride  is  soluble  in  the  hyposulphite.  A 
piece  of  sheet  copper  left  in  this  for  a day  or  two  will  precipitate  the  silver  at 
once  in  the  metallic  state. 

Subchloride  of  silver,  or  argentous  chloride  (AgaCl),  has  been  obtained  by  the 
action  of  ferric  chloride  upon  metallic  silver  ; Ag4  + Fe2Clu=2Ag,Cl  + 2FeCL.  It 
is  black,  and  insoluble  in  nitric  acid.  Ammonia  decomposes  it,  dissolving  out 
silver  chloride,  and  leaving  metallic  silver. 

Another  subchloride  of  silver,  Ag4Cl3,  has  been  obtained  as  a black  powder  by 
the  action  of  hydrochloric  acid  upon  the  argentous  citrate  prepared  by  reducing 
argentic  citrate  with  hydrogen. 

Silver  hromicle  (AgBr)  is  a rare  Chilian  mineral,  bromargyrite. 
Associated  with  silver  chloride,  it  forms  the  mineral  embolite.  It  much 
resembles  the  chloride,  but  is  somewhat  less  easily  dissolved  by  ammonia. 
Dry  silver  bromide  does  not  absorb  ammonia  gas.  When  heated  to 
700°  C.  in  HC1,  silver  bromide  is  converted  into  the  chloride,  but,  at 
the  ordinary  temperature,  HBr  converts  silver  chloride  into  bromide. 

Silver  iodide  (Agl)  is  also  found  in  the  mineral  kingdom.  It  is 
worthy  of  remark  that  silver  decomposes  hydriodic  acid  much  more 
■easily  than  hydrochloric  acid,  forming  silver  iodide,  and  evolving  hydro- 
gen. The  silver  iodide  dissolves  in  hot  hydriodic  acid,  and  the  solution 
deposits  crystals  of  Agl.  HI,  which  are  decomposed  in  the  air.  If  the 
hot  solution  be  left  in  contact  with  silver,  prisms  of  Agl  are  deposited. 
By  adding  silver  nitrate  to  potassium  iodide,  the  silver  iodide  is  obtained 
us  a yellow  precipitate,  which,  unlike  the  chloride,  does  not  dissolve  in 
ammonia,  but  is  bleached,  forming  2AgI.NH3,  which  is  also  produced 
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when  dry  silver  iodide  absorbs  ammonia.  Silver  iodide  is  remarkable 
for  contracting  when  heated  between  the  temperatures  of  — io°  C.  and 
70°  C.  It  fuses  easily,  like  the  chloride.  When  heated  to  700°  C.  in 
HC1,  it  is  converted  into  AgCl,  but,  at  ordinary  temperatures,  both 
AgCl  and  AgBr  are  converted  by  HI  into  Agl.  Light  has  no  visible 
effect  on  pure  Agl ; but  if  the  Agl  which  has  been  exposed  to  light  be 
acted  on  by  AgN03  and  a reducing  agent,  such  as  pyrogallol,  metallic 
silver  is  precipitated  upon  its  surface,  so  that  only  those  portions  of 
the  silver  iodide  which  have  been  exposed  to  light  will  be  developed  or 
rendered  visible,  and  if  the  unaltered  iodide  be  dissolved  away  by 
potassium  cyanide,  a permanent  negative  picture  will  be  left.  Silver 
iodide  dissolves  in  a boiling  saturated  solution  of  silver  nitrate,  and 
the  solution,  on  cooling,  deposits  crystals  having  the  composition 
AgI.AgN03,  which  are  far  more  sensitive  to  the  action  of  light  than 
silver  iodide  itself,  a circumstance  which  is  taken  advantage  of  by 
photographers.  The  crystals  are  decomposed  by  water,  with  separation 
of  silver  iodide. 

Silver  fluoride,  AgF,  is  deliquescent  and  very  soluble  in  water,  form- 
ing crystals  which  may  contain  one  or  two  molecules  of  water.  It  fuses 
to  a horny  mass,  like  AgCl,  but  is  reduced  to  the  metallic  state  when 
heated  in  moist  air.  Ammonia  also  reduces  it  to  the  metallic  state 
when  heated.  Fused  AgF  conducts  the  electric  current  without  under- 
going decomposition. 

Silver  sulphide  (AgjS)  is  found  as  silver  glance,  which  may  be  regarded 
as  the  chief  ore  of  silver ; it  has  a metallic  lustre,  and  is  sometimes 
found  in  cubical  or  octahedral  crystals.  The  minerals  known  as  rosiclers 
or  red  silver  ores  contain  sulphide  of  silver  combined  with  the  sulphides 
of  arsenic  and  antimony.  The  black  precipitate  obtained  by  the  action 
of  hydrosulphuric  acid  upon  a solution  of  silver  is  silver  sulphide.  It 
may  also  be  formed  by  heating  silver  with  sulphur  in  a covered  crucible. 
Silver  sulphide  is  remarkable  for  being  soft  and  malleable,  so  that 
medals  may  even  be  struck  from  it.  It  is  not  dissolved  by  diluted  sul- 
phuric or  hydrochloric  acid,  but  nitric  acid  readily  dissolves  it.  Metallic 
silver  dissolves  silver  sulphide  when  fused  with  it,  and  becomes  brittle 
even  when  containing  only  1 per  cent,  of  the  sulphide.  Roasting  in  air 
converts  Ag,S  into  Ag,S04. 

Silver  sulphate,  Ag,S04,  forms  a crystalline  precipitate  when  a strong 
solution  of  silver  nitrate  is  stirred  with  dilute  sulphuric  acid.  It  re- 
quires 200  parts  of  cold  water  for  solution.  "When  moderately  heated,, 
it  fuses  without  decomposition. 

Hydro-argentic  sulphate,  AgHSO,,  has  been  crystallised. 

Silver  sulphite,  Ag2S03,  forms  a white  precipitate  when  sulphurous- 
acid  is  added  to  silver  nitrate.  Boiling  with  water  reduces  it  to 
metallic  silver ; Ag,SO;)  + IT,0  - Ag,  + H,S04. 

Silver  orthophosphate,  Ag3PO„  forms  a yellow  precipitate  when  sodium 
phosphate  is  added  to  silver  nitrate— 

Na,HP04  + 3AgN03  = 2NaN03  + HN03  + Ag3P04. . 

It  is  soluble  "in  nitric  acid  and  in  ammonia,  and  is  thus  distinguished 

from  silver  iodide.  . „ . .,  , , 

Silver  arsenite , Ag3As03,  is  obtained  as  a yellow  precipitate  when 
ammonia  is  cautiously  added  to  a mixture  of  silver  nitrate  and  arsemous 
acid  j it  is  soluble  in  nitric  acid  and  in  ammonia. 
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Silver  arsenate , Ag3As04,  forms  a red  precipitate,  soluble  in  nitric 
acid  and  in  ammonia,  when  silver  nitrate  is  added  to  arsenic  acid. 

Silver  sulpharsenite , Ag3AsS.„  is  found  as  light  red  silver  ore. 

Silver  sidphantimonate,  Ag3SbS3,  is  dark  red  silver  ore. 

MERCURY. 

Hg"=200  parts  by  weight*  = 2 vols. 

285.  Mercury  ( quicksilver ) is  conspicuous  among  metals  by  its  fluidity, 
and  among  liquids  by  its  not  wetting  or  adhering  to  most  solids,  such 
as  glass,  a property  of  great  value  in  making  philosophical  instruments. 
It  is  the  only  metal  which  is  liquid  at  the  ordinary  temperature,  and 
since  it  requires  a temperature  of  —39°  T\  to  solidify  it,  this  metal  is  par- 
ticularly adapted  for  the  construction  of  thermometers  and  barometers. 
Its  high  boiling  point  (662°  F.,  350°  C.)  also  recommends  it  for  the 
former  purpose,  as  its  high  specific  gravity  (13- 54)  does  for  the  latter,  a 
column  of  about  30  inches  in  height  being  able  to  counterpoise  a column 
of  the  atmosphere  having  the  same  sectional  area.  The  symbol  for 
mercury  (Tig)  is  derived  from  the  Latin  name  for  this  element,  hydrar- 
gyrum (ydwp,  water,  referring  to  its  fluidity,  apyvpos,  silver). 

Mercury  is  not  met  with  in  this  country,  but  is  obtained  from  Idria 
(Austria),  Almaden  (Spain),  China,  and  New  Almaden  (California).  It 
occurs  in  these  mines  partly  in  the  metallic  state,  diffused  in  minute 
globules  or  collected  in  cavities,  but  chiefly  in  the  state  of  cinnabar, 
which  is  mercuric  sulphide  (HgS). 

The  metal  is  extracted  from  the  sulphide  at  Idria  by  roasting  the  ore 
in  a kiln  (tig.  261),  which  is  connected  with  an  extensive  series  of  con- 


Fig.  261. — Extraction  of  mercury  at  Idria. 


densing  chambers  built  of  brickwork.  The  sulphur  is  converted,  by  the 
air  in  the  kiln,  into  sulphurous  acid  gas,  whilst  the  mercury  passes  off 
in  vapour  and  condenses  in  the  chambers. 

At  Almaden,  the  extraction  is  conducted  upon  the  same  principle, 
but  the  condensation  of  the  mercury  is  effected  in  earthen  receivers 
(called  aludels ) opening  into  each  other,  and  delivering  the  mercury  into 
a gutter  which  conveys  it  to  the  receptacles. 

The  cinnabar  is  placed  upon  the  arch  (A,  fig.  262)  of  brickwork,  in 
which  there  are  several  openings  for  the  passage  of  the  flame  of  the 
wood  fire  kindled  at  B 3 this  flame  ignites  the  sulphide  of  mercury, 

* The  vapour  of  mercury  is  only  100  times  as  heavy  as  hydrogen,  which  would,  indicate 
100  as  the  atomic  weight  of  mercury,  but  the  specific  heat  of  mercury  when  multiplied  by 
100  would  give  an  atomic  heat  only  half  that  of  most  other  metals. 
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which  burns  in  the  air  passing  up  from  below,  forming  sulphurous  acid 
gas  and  vapour  of  mercury  (HgS  + 02  = Hg  4 SO,),  which  escape  through 

the  flue  (F)  into  the  aludels 
(C),  where  the  chief  part  of  the 
mercury  condenses  and  runs 
down  into  the  gutter  (G).  The 
sulphurous  acid  gas  escapes 
through  the  flue  (H),  and  any 
mercury  which  may  have  es- 
caped condensation  is  collected 
in  the  trough  (D),  the  gas 
finally  passing  out  through  the 
Pig  262.  chimney  (E),  which  provides 

for  the  requisite  draught. 

In  the  Palatinate,  the  cinnabar  is  distilled  in  cast-iron  retorts  with 
lime,  when  the  sulphur  is  left  in  the  residue  as  calcium  sulphide  and 
sulphate,  whilst  the  mercury  distils  over — 

4HgS  4 4CaO  = 30aS  4 CaS04  4 Hg4. 

The  mercury  found  in  commerce  is  never  perfectly  pure,  as  may  be  shown  by 
scattering  a little  upon  a clean  glass  plate,  when  it  tails  or  leaves  a track  upon  the 
glass,  which  is  not  the  case  with  pure  mercury.  Its  chief  impurity  is  lead,  which 
may  be  removed  by  exposing  it  in  a thin  layer  to  the  action  of  nitric  acid  diluted 
with  two  measures  of  water,  which  should  cover  its  surface,  and  be  allowed  to 
remain  in  contact  with  it  for  a day  or  two,  with  occasional  stirring.  The  lead  is 
far  more  easily  oxidised  and  dissolved  than  the  mercury,  though  a little  of  this 
also  passes  into  solution.  The  mercury  is  afterwards  well  washed  with  water  and 
dried,  first  with  blotting-paper,  and  then  by  a gentle  heat.  Mercury  is  easily 
freed  from  mechanical  impurities  by  filtering  it  through  a cone  of  paper,  round 
the  apex  of  which  a few  pin-holes  have  been  made.  Zinc,  tin,  and  bismuth  are 
sometimes  present  in  the  mercury  of  commerce,  and  may  be  partly  removed,  as 
oxides,  by  shaking  the  mercury  in  a large  bottle  with  a little  powdered  loaf-sugar 
for  a few  minutes,  and  straining  through  perforated  paper.  The  sugar  appears  to 
act  mechanically  by  dividing  the  mercury. 

286.  In  its  chemical  properties,  mercury  much  resembles  silver,  being 
unaffected  by  ordinary  air,  and  tarnished  by  air  containing  H,S.  In 
course  of  time,  however,  it  becomes  oxidised,  as  may  be  seen  in  old 
instruments  containing  mercury  and  air  ; and  it  is  slowly  oxidised  when 
heated  in  air,  which  is  not  the  case  with  silver.  It  also  appears  to 
undergo  a partial  oxidation  when  reduced  to  a fine  state  of  division,  as 
in  those  medicinal  preparations  of  the  metal  which  are  made  by  tritu- 
rating it  with  various  substances  which  have  no  chemical  action  upon  it, 
until  globules  of  the  metal  are  no  longer  visible.  Blue  pill  and  grey 
powder , or  hydrargyrum  cum  cretd,  afford  examples  of  this,  and  probably 
owe  much  of  their  medicinal  activity  to  the  presence  of  one  of  the 
oxides  of  mercury. 

Nitric  acid  dissolves  mercury,  and  converts  it  into  two  nitrates 
mercurous,  HgN 0.,,  corresponding  to  AgN03,  and  mercuric,  Hg(NO,)2. 
Hot  concentrated  sulphuric  acid  also  converts  it  into  mercurous  (IIg,S04) 
and  mercuric  (HgS04)  sulphate.  Mercury  is  precipitated  from  solutions 
of  its  salts  by  reducing  agents,  stannous  chloride,  for  example,  111  what 
looks  like  a dark  grey  powder ; but  if  this  be  boiled  in  the  liquid  the 
minute  globules  of  which  it  is  composed  gradually  unite  into  fluid 
mercury.  Conversely,  if  mercury  be  diligently  triturated  with  chalk  or 
grease,  ‘it  may  be  divided  into  extremely  minute  globules  which  behave 
like  a powder. 
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287.  Uses  of  mercury. — One  of  the  chief  uses  to  which  mercury  is 
devoted  is  the  silvering  of  looking-glasses,  which  is  effected  by  means  of 
an  amalgam  of  tin  in  the  following  manner  : — A sheet  of  tin-foil  of  the 
same  size  as  the  glass  to  be  silvered  is  laid  perfectly  level  upon  a table, 
and  rubbed  over  with  metallic  mercury,  a thin  layer  of  which  is  after- 
wards poured  upon  it.  The  glass  is  then  carefully  slid  on  to  the  table, 
so  that  its  edge  may  carry  before  it  part  of  the  superfluous  mercury 
with  the  impurities  upon  its  surface  ; heavy  weights  are  laid  upon  the 
glass  so  as  to  squeeze  out  the  excess  of  mercury,  and  in  a few  days  the 
combination  of  tin  and  mercury  is  found  to  have  adhered  firmly  to  the 
glass  ■ this  coating  usually  contains  about  1 part  of  mercury  and  4 parts 
of  tin.  In  this  and  all  other  arts  in  which  mercury  is  used  (such  as 
barometer-making)  much  suffering  is  experienced  by  the  operatives, 
from  the  poisonous  action  of  the  mercury. 

The  readiness  with  which  mercury  unites  with  most  other  metals  to 
form  amalgams  is  one  of  its  most  striking  properties,  and  is  turned  to 
account  for  the  extraction  of  silver  and  gold  from  their  ores.  The  attrac- 
tion of  the  latter  metal  for  mercury  is  seen  in  the  readiness  with  which 
it  becomes  coated  with  a silvery  layer  of  mercury,  whenever  it  is  brought 
in  contact  with  that  metal,  and  if  a piece  of  gold  leaf  be  suspended  at  a 
little  distance  above  the  surface  of  mercury,  it  will  be  found,  after  a 
time,  silvered  by  the  vapour  of  the  metal  which  rises  slowly  even  at 
the  ordinary  temperature.  From  the  surface  of  rings  which  have  been 
accidentally  whitened  by  mercury,  it  may  be  removed  by  a moderate 
heat,  or  by  warm  dilute  nitric  acid,  but  the  gold  will  afterwards  require 
burnishing. 

Zinc  plates  are  amalgamated,  as  it  is  termed,  for  use  in  the  galvanic 
battery,  by  rubbing  the  liquid  metal  over  them  under  the  surface  of 
dilute  sulphuric  acid,  which  removes  the  coating  of  oxide  from  the 
surface  of  the  zinc.  The  amalgam  of  zinc  is  not  acted  on  by  the  diluted 
sulphuric  acid  used  in  the  battery  (see  page  10)  until  the  circuit  is  com- 
pleted, so  that  no  zinc  is  wasted  when  the  battery  is  not  in  use.  An 
amalgam  of  6 parts  of  mercury  with  1 part  of  zinc  and  1 of  tin  is  used 
to  promote  the  action  of  frictional  electrical  machines. 

The  addition  of  a little  amalgam  of  sodium  to  metallic  mercury  gives 
it  the  power  of  adhering  much  more  readily  to  other  metals,  even  to 
iron.  Such  an  addition  has  been  recommended  in  all  cases  where 
metallic  surfaces  have  to  be  amalgamated,  and  especially  in  the  extrac- 
tion of  silver  and  gold  from  their  ores  by  means  of  mercury.  Gold 
amalgam  and  cadmium  amalgam  are  used  by  dentists.  Sodium  amalgam, 
in  contact  with  water,  forms  a convenient  source  of  nascent  (atomic) 
hydrogen. 

Iron  and  platinum  are  the  only  metals  in  ordinary  use  which  can  be 
employed  in  contact  with  mercury  without  being  corroded  by  it.  Mer- 
cury, however,  adheres  to  platinum. 

The  following  definite  compounds  of  mercury  with  other  metals  have  been 
obtained  by  combining  them  with  excess  of  mercury,  and  squeezing  out  the  fluid 
metal  by  hydraulic  pressure,  amounting  to  60  tons  upon  the  inch  : — 

Amalgam  of  lead  Pb2Hg  ! Amalgam  of  zinc  Zn2Hg 
,,  silver  AgHg  I ,,  copper  CuHg 

i,  iron  FeHg*  I ,,  platinum  PtHg2 

* ITg3Fe2  has  been  obtained  by  the  action  of  finely  divided  iron  on  sodium  amalgam  in 
presence  of  water. 
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The  amalgam  of  silver  (AgHg)  has  been  found  in  nature,  in  dodecahedral! 
crystals. 

A very  beautiful  crystallisation  of  the  amalgam  of  silver  ( Arbor  Diana:)  may  be 
obtained  in  long  prisms  having  the  composition  Ag2Hg3,  by  dissolving  400  grains 
of  silver  nitrate  in  40  measured  ounces  of  water,  adding  160  minims  of  concen- 
trated nitric  acid,  and  1840  grains  of  mercury;  in  the  course  of  a day  or  two- 
crystals  of  2 or  3 inches  in  length  will  be  deposited. 

288.  Oxides  of  mercury. — Twooxidesof  mercury  are  known — the  sub- 
oxide, Hg.,0,  and  the  oxide,  HgO  ; both  combine  with  acids  to  form  salts. 

Suboxide  of  mercury , black  oxide,  or  mercurous  oxide,  Hg.,0,  is  ob- 
tained by  decomposing  calomel  with  solution  of  potash,  and  washing 
with  water  ; Hg2Cl2  + 2KHO  = Hg20  + 2KCI  + H20.  It  is  very  easily 
decomposed,  by  exposure  to  light  or  to  a gentle  heat,  into  mercuric 
oxide  and  metallic  mercury. 

Red  oxide  of  mercury,  or  mercuric  oxide  (HgO),  is  formed  upon  the 
surface  of  mercury,  when  heated  for  some  time  to  its  boiling  point  in 
contact  with  air.  The  oxide  is  black  while  hot,  but  becomes  red  on 
cooling.  It  is  used,  under  the  name  of  red  precipitate,  in  ointments, 
and  is  prepared  for  this  purpose  by  dissolving  mercury  in  nitric  acid, 
evaporating  the  solution  to  dryness,  triturating  the  mercuric  nitrate 
with  an  equal  weight  of  mercury,  and  heating  as  long  as  acid  fumes  are 
evolved;  Hg(N03)2  + Hg2  = 3HgO  + N203.  The  name  nitric  oxide  of 
mercury  refers  to  this  process.  It  is  thus  obtained,  after  cooling,  as  a 
brilliant  red  crystalline  powder,  which  becomes  nearly  black  when 
heated,  and  is  resolved  into  its  elements  at  a red  heat.  It  dissolves 
slightly  in  water,  and  the  solution  has  a very  feeble  alkaline  reaction. 
A bright  yellow  modification  of  the  oxide  is  precipitated  when  a solution 
of  corrosive  sublimate  is  decomposed  by  potash  (HgCl2  + 2KHO  = 
HgO  + 2 KOI  + H.,0) ; the  yellow  variety  is  chemically  more  active  than 


the  red.  . 

When  mercuric  oxide  is  acted  on  by  strong  ammonia,  it  becomes  converted  into 
a yellowish-white  powder  which  possesses  the  properties  of  a.  strong  base,  absorb- 
ing carbonic  acid  eagerly  from  the  air,  and  combining  readily  with  other  acids. 
It  is  easily  decomposed  by  exposure  to  light,  and,  if  rubbed  in  a mortar  when 
dry,  is  decomposed  with  slight  detonations,  a property  in  which  it  feebly  resembles- 
fulminating  silver  (p.  403).  The  composition  of  this  substance  is  represented  by 
the  formula  NHg"2.0H.2Aq.  When  exposed  in  vacuo  over  oil  of  vitriol,  it  loses 
2Aq,  becoming  NHg”2.OH,  or  dimercurammonium  hydrate,  which  is  a brown 

explosive  base.*  . , „ , .,  . 

By  passing  ammonia  gas  over  the  yellow  oxide  of  mercury  as  long  as  it  is 
absorbed,  and  heating  the  compound  to  about  260°  F.  in  a current  of  ammonia  as 
long  as  any  water  is  evolved,  a brown  explosive  powder  is  obtained  which  is 
believed  to  be  a nitride  of  mercury,  N2Hg"3,  representing  a double  molecule  of 
ammonia  in  which  the  hydrogen  has  been  displaced  by  mercury.  It  yields  salts 
of  ammonium  when  decomposed  by  acids. 

280.  The  salts  formed  by  the  oxides  of  mercury  with  the  oxygen-acids  are  not 
of  great  practical  importance.  Protonitrate  of  mercury,  or  mercurous  nitrate,  is 
obtained  when  mercury  is  dissolved  in  cold  nitric  acid  diluted  with  5 volumes  of 
water;  it  may  be  procured  in  crystals  having  the  composition  Hg,(XO.,)2.2Aq. 
The  prismatic  crystals  which  are  sometimes  sold  as  protonitrate  of  mercury  con- 
sist of  a basic  nitrate,  Hg4(N03)30H,  prepared  by  acting  with  diluted  nitric  acid 
upon  mercury  in  excess.  When  this  salt  is  powdered  m a mortar  w ith  a little 
common  salt,  it  becomes  black  from  the  separation  of  mercurous  oxide— 

2Hg4(N03)30H  + 6NaCl  = 6NaN03  + 3Hg2Cl2  + Hg20  + H20 ; 


* Tt  liis  hppii  stated  that  by  heating  it  for  some  time  in  a current  of  dry  ammonia,  the- 
whole  Sf  tL  oxygen  may  be  expelled  as  water,  leaving  the  oxide  of  mercurammonnun 
(N  Ug'q),0,  whiclms  very  explosive,  and  combines  with  water  to  form  a hydrate  which, 

produces  salts  with  the  acids. 


CORROSIVE  SUBLIMATE. 
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but  the  normal  nitrate  is  not  blackened  (Hg,,(N03)2  + 2NaCl  = Hg,JCLJ-|-  2NaN03). 
Mercurous  nitrate  is  soluble  in  a little  hot  water,  but  much  water  decomposes 
it  into  nitric  acid  and  a basic  nitrate  ; Hg2(N03)2  + H20:=Hg2N03.0H  + HN03. 

Nitrate  of  mercury , or  mercuric  nitrate,  is  formed  when  mercury  is  dissolved  with 
an  excess  of  strong  nitric  acid,  and  the  solution  boiled  until  it  is  no  longer  pre- 
cipitated by  NaCl.  It  maybe  obtained  in  crystals  of  the  formula  2Hg(N03)2.Aq. 
Water  decomposes  it,  precipitating  a yellow  basic  nitrate,  which  leaves  mercuric 
oxide  when  long  washed  with  water.  Mercuric  nitrate  stains  the  skin  red. 
When  nitric  acid  is  heated  with  an  excess  of  mercuric  oxide,  the  solution,  on 
cooling,  deposits  crystals  of  a basic  mercuric  nitrate,  Hg.,(N03)3.0H.Aq. 

Mercurous  sulphate  (Hg„SO.,)  is  precipitated  as  a white  crystalline  powder  when 
dilute  sulphuric  acid  is  added  to  a solution  of  mercurous  nitrate. 

Mercuric  sulphate  (HgS04)  is  obtained  by  heating  2 parts  by  weight  of  mercury 
with  3 parts  of  oil  of  vitriol,  and  evaporating  to  dryness.  Mercurous  sulphate  is 
first  produced,  and  is  oxidised  by  the  excess  of  sulphuric  acid.  It  forms  a white 
crystalline  powder,  which  becomes  brown-yellow  when  heated,  and  white  again 
on  cooling.  It  is  decomposed  by  water  into  a soluble  acid  sulphate,  and  an 
insoluble  yellow  basic  sulphate  of  mercury,  HgS04.2Hg0,  known  as  turbith  or 
turpeth  mineral,  said  to  have  been  so  named  from  its  resembling  in  its  medicinal 
effects  the  root  of  the  Convolvulus  turpethum. 

290.  Chlorides  of  mercury. — The  chlorides  are  the  most  important 
of  the  compounds  of  mercury,  one  chloride  being  calomel  (ITgCl  or 
ITg2Cl2)  and  the  other  corrosive  sitblimate  (HgCl,).  Vapour  of  mercury 
burns  in  chlorine  gas,  corrosive  sublimate  being  produced.* 

Corrosive  sublimate,  chloride  of  mercury,  bichloride  or  perchloride  of 
mercury,  or  mercuric  chloride,  is  manufactured  by  heating  2 parts  by 
weight  of  mercury  with  3 parts  of  strong  sulphuric  acid,  and  evapo- 
rating to  dryness,  to  obtain  mercuric  sulphate — - 

Hg  + 2H.,S04  = HgS04  + 2H..0  + SO.,, 
which  is  mixed  with  i d part  of  common  salt  and  heated  in  glass  vessels 
(HgS04  + 2NaCl  = Na2SO(  + HgCl2),  when  sodium  sulphate  is  left,  and 
the  corrosive  sublimate  is  converted  into  vapour,  condensing  on  the 
cooler  part  of  the  vessel  in  lustrous  colourless  masses,  which  are  very 
heavy  (sp.  gr.  5.4),  and  have  a crystalline  fracture.  It  fuses  very 
easily  (at  509°  F.,  265“  C.)  to  a perfectly  colourless  liquid,  which  boils 
at  563°  F.  (2950  C.),  emitting  an  extremely  acrid  vapour,  which  destroys 
the  sense  of  smell  for  some  time.  The  specific  gravity  of  its  vapour  is 
14°  (H=i);  and  that  calculated  from  the  formula  HgCl2  is  135.5. 
This  vapour  condenses  in  fine  needles,  or  sometimes  in  octahedra. 
Corrosive  sublimate  dissolves  in  three  times  its  weight  of  boiling  water, 
but  requires  16  parts  of  cold  water,  so  that  the  hot  solution  readily 
deposits  long  four-sided  prismatic  crystals  of  the  salt.  It  is  remarkable 
that  alcohol  and  ether  dissolve  corrosive  sublimate  much  more  easily 
than  water,  boiling  alcohol  dissolving  about  an  equal  weight  of  the 
chloride,  and  cold  ether  taking  up  one-third  of  its  weight.  By  shaking 
the  aqueous  solution  with  ether,  the  greater  part  of  the  corrosive  sub- 
limate will  be  removed,  and  will  remain  dissolved  in  the  ether  which 
rises  to  the  surface.  Water,  in  which  sal-ammoniac  has  been  dissolved,, 
will  take  up  corrosive  sublimate  more  easily  than  pure  water,  a soluble 
double  chloride  (sal  alembroth)  being  formed,  which  may  be  obtained  in 
tabular  crystals  of  the  composition  HgCl.).6NII1Cl.H20.  A solution  of 
corrosive  sublimate  in  water  containing  sal-ammoniac  is  a very  effica- 
cious buy-jwison. 

* 1 wo  volumes  of  vapour  of  corrosive  sublimate  contain  2 volumes  of  mercury  vapour 
(see  note  to  page  407)  and  2 volumes  of  chlorine. 
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Sulphuric  acid  does  not  decompose  mercuric  chloride,  though  it  attacks 
mercurous  chloride.  Hydrochloric  acid  combines  with  it,  forming  crys- 
talline compounds  HCl.HgCI,  and  HC1.2HgCl2,  which  lose  HC1  when 
exposed  to  air. 

A crystalline  compound,  HgCl2.H2S04,  is  formed  by  the  action  of 
hydrochloric  acid  on  mercuric  sulphate. 

The  poisonous  properties  of  corrosive  sublimate  are  very  marked,  so 
little  as  three  grains  having  been  known  to  cause  death  in  the  case  of  a 
child.  The  white  of  egg  is  commonly  administered  as  an  antidote, 
because  it  is  known  to  form  an  insoluble  compound  with  corrosive  sub- 
limate, so  as  to  render  the  poison  inert  in  the  stomach.  The  compound 
of  albumen  with  corrosive  sublimate  is  also  much  less  liable  to  putie- 
faction  than  albumen  itself,  and  hence  corrosive  sublimate  is  sometimes 
employed  for  preserving  anatomical  preparations  and  for  preventing 
the  decay  of  wood  (by  combining  with  the  vegetable  albumen  of  t le 

sap).  , . , 

Mercuric  chloride  unites  with  many  other  chlorides  to  form  solu  i e 
double  salts,  and  with  mercuric  oxide,  forming  several  oxychlorides, 

which  have  no  useful  applications.  _ 

Mercuric  chloride  has  been  found  native  in  one  of  the  Molucca 


Islands.  . , , 

White  precipitate,  employed  for  destroying  vermin,  is  deposited  when 
a solution  of  corrosive  sublimate  is  poured  into  an  excess  of  solution  of 
ammonia  ; HgCl2  + 2NH3  = NH4C1  + NH2Hg"Cl  ( white  precipitate). 

The  true  constitution  of  white  precipitate  has  been  the  subject  of  much  discus- 
sion, but  the  changes  which  it  undergoes,  under  various  circumstances  appear  to 
lead  to  the  conclusion  that  it  represents  ammonium  chloride  NH4C  , in  which 
half  of  the  hydrogen  has  been  displaced  by  mercury.  When  boiled  with  potash. 


Ads  ammonia  and  mercuric  oxide;  NH2Hg"Cl  + KHO  = NH3  + HgO  +KCL 

. i -i  1 . m n m I o t*  m Q TIT!  PT  Pfl  \ 


If 


It  Yields  ammonia,  auu  mejLciu.j.o  uaxiad  , . •» 

it  be  boiled  with  water,  it  is  only  partly  decomposed  in  a similar  m^er,  leaving 
a yellow  powder  having  the  composition  (NH2HgCl/. HgO,  produced  according 
the  equation  2(NH.Hg&l)  + H20  = NH4C1  + (NH2HgCl).HgO.  _ A ^mpound  cone- 
snonding  to  this  yellow  precipitate,  but  containing  mercuric  chloride  m place  ot 

oxide,  is  precipitated  when  ammonia  is  gradually  added  to TOecInit^Te  with 
sublimate  in  large  excess,  the  result  being  a compound  of  white  precipitate  with 

a molecule  of  undecomposed  mercuric  chloride,  ^HzHgCl)  HgOl,.  monia 

If  white  precipitate  be  heated  to  about  6oo  F.  (H5.  c0>  £ ® R , incr  ^ 
and  yields  a sublimate  of  ammoniated  mercuric  chloride, ,^^1  acids  and  is 
red  crystalline  powder  which  is  insoluble  m water  and  m diluted  ac.  , 
imcba^gedby  boiling  with  potash;  it  may  be  represeBted  - 
mercuric  chloride  with  ammonia  m which  the  whole  of  the  hjd  . .. 

rsplSfd  by  mercury.  NsHg",2HgCl  When 

yields  a sublimate  of  calomel;  6NH„PIg  Cl  — 3Hg2Cl2  + -N ? + 4^ !v  t 
State  inflames  in  contact  with  chlorine  or  bromine.  If  it  be  mixed  ^th  about 
twice  its  weight  of  iodine  and  moistened  with  alcohol,  an  explosion  oc  u * 

“siisss  sasasa  s*sss  «sras 

sSSSSSSSSf^^ 

composition  being  N2H0Hg"C]2.  The  same  compound  is  formed  when  white  pieci 
pitate  is  boiled  with  solution  of  sal-ammoniac- 

NH,Hg"Cl  + K1I,C1  = N2H6Hg  Cl2. 

The  above  compounds  possess  a special  interest  i for -tta ^mist  as  they  were 
uutong  the  first  to  att^aUentton  to  the  o£  ^ 

relation  of  these  compounds  to  each  other  is  here  exhibited. 


CALOMEL. 
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White  precipitate  ..... 
Produced  with  corrosive  sublimate  in  excess 
,,  by  boiling  with  water  . 

,,  ,,  sal-ammoniac 

,,  by  heating  to  6oo°  F.  . 


NH„Hg"Cl 
(NHJigCl).HgCL 
(NH„HgCl).HgO ' 
N.,H”Hg"CL 
N2Hg"s.2HgCl2 


291.  Calomel,  subchloride  or  protochloride  of  mercury , or  mercurous 
chloride  (Hg.,Cl2),  unlike  corrosive  sublimate,  is  insoluble  in  water,  so 
that  it  is  precipitated  when  hydrochloric  acid  or  a soluble  chloride  is 
added  to  mercurous  nitrate.  The  simplest  mode  of  manufacturing  it 
consists  in  ultimately  mixing  a molecular  weight  of  corrosive  sublimate 
with  an  atomic  weight  of  metallic  mercury,  a little  water  being  added 
to  prevent  dust,  drying  the  mixture  thoroughly,  and  subliming  it; 
HgCl,  + Hg  = Hg2Cls.  But  it  is  more  commonly  made  by  adding 
another  atomic  weight  of  mercury  to  the  materials  employed  in  the 
preparation  of  corrosive  sublimate.  Two  parts  by  weight  of  mercury 
are  dissolved,  with  the  aid  of  heat,  in  3 parts  of  oil  of  vitriol,  and 
evaporated  to  dryness ; Hg  + 2H,S04  = HgSO,  + S02  + 2H30.  The  resi- 
due of  mercuric  sulphate  is  intimately  mixed  with  2 more  parts  of 
mercury,  and  the  mixture  afterwards  triturated  with  1 part  of 
common  salt,  until  globules  are  no  longer  visible.  The  mixture  is  then 
heated,  so  that  the  calomel  may  pass  off  in  vapour,  which  condenses  as  a 
translucent  fibrous  cake  on  the  cool  part  of  the  subliming  vessel,  leav- 
ing sodium  sulphate  behind  ; HgSO,  + Hg  + 2HaCl  = Hg2Cl2  + Na2S04. 
For  medicinal  purposes,  the  calomel  is  obtained  in  a very  fine  state  of 
division  by  conducting  the  vapour  into  a large  chamber  so  as  to  preci- 
pitate it  in  a fine  powder  by  contact  with  a large  volume  of  cold  air. 
Steam  is  sometimes  introduced  to  promote  its  fine  division.  Sublimed 
calomel  always  contains  some  corrosive  sublimate,  so  that  it  must  be 
thoroughly  washed  with  water  before  being  employed  in  medicine. 
When  perfectly  pure  calomel  is  sublimed,  a little  is  always  decomposed 
during  the  process  into  metallic  mercury  and  corrosive  sublimate. 

Calomel  is  met  with  either  as  a semi-transparent  fibrous  mass,  or  an 
amorphous  powder,  with  a slightly  yellow  tinge.  Light  slowly  decom- 
poses it,  turning  it  grey.  It  is  heavier  than  coxrosive  sublimate  (sp. 
gr.  7.18),  and  does  not  fuse  before  subliming;  it  may  be  obtained  in 
four-sided  prisms  by  slow  sublimation.  Diluted  acids  will  not  dissolve 
it,  but  boiling  nitric  acid  gradually  converts  it  into  mercuric  chloride 
and  nitrate,  which  pass  into  solution.  Boiling  hydrochloric  acid  turns 
it  grey,  some  mercury  being  separated,  and  mercuric  chloride  dissolved. 
Mercuric  nitrate  dissolves  it,  forming  mercuric  chloride  and  mercurous 
nitrate.  Alkaline  solutions  convert  it  into  black  mercurous  oxide, 
as  is  seen  in  black-ivash,  made  by  treating  calomel  with  lime-water ; 
Hgj>012  + Ca(OH),  = lfg20  + CaCl2  + II20.  Solution  of  ammonia  con- 
verts it  into  a grey  compound  (NH2Hg„Cl),  which  is  the  analogue  of 
white  precipitate  (NH2IIg"Cl),  containing  ITg2  in  place  of  Hg".  ' Calo- 
mel is  found  as  horn  quicksilver  at  Idria  and  Almaden,  crystallised  in 
rhombic  prisms. 

The  vapour  density  of  calomel  has  been  found,  by  experiment,  to  be 
1 1 7-5  (H  = 1 ),  whilst  the  formula  Hgo01o  requires  235.5,  which  is  ex- 
plained by  the  dissociation  of  calomel  vapour  into  2 vols.  HgCl2  and 
2 vols.  Hg.  The  existence  of  metallic  mercury  in  the  vapour  is  shown 
by  the  deposition  of  minute  globules  of  mercury  on  a very  cold  tube 
coated  with  gold  and  immersed  in  calomel  vapour  at  440°  0. 
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Mercurous  iodide,  Hg„I„,  is  a green  unstable  substance,  formed  when  iodine  is 
triturated  with  an  excess  of  mercury  and  a little  alcohol,  or  by  precipitating 
mercurous  nitrate  with  potassium  iodide.  With  care,  it  may  be  sublimed  in 
yellow  crystals,  isomorphous  with  mercurous  chloride,  but  if  sharply  heated,  it 
is  decomposed  into  Hg  and  Hgl2.  Potassium  iodide  decomposes  it  in  a similar 
way,  dissolving  the  mercuric  iodide. 

Mercuric  iodide,  or  iodine  scarlet,  Hgl„,  is  the  bright  red  precipitate  produced 
with  mercuric  chloride  and  potassium  iodide.  At  the  moment  of  precipitation  it 
js  yellow,  rapidly  becoming  fawn-coloured  and  red.  When  the  dry  mercuric 
iodide  is  heated,  it  becomes  bright  yellow,  and  remains  so  on  cooling  until 
touched  with  a hard  body,  when  it  becomes  red  again,  the  colour  spreading  from 
the  point  touched.  Under  the  microscope,  the  red  iodide  is  seen  to  be  octahedral 
and  the  yellow  to  consist  of  rhombic  tables.  When  the  yellow  iodide  is  heated, 
it  fuses  easily,  becomes  brown,  and  is  converted  into  a colourless  vapour  which 
condenses  in  yellow  crystals  on  a cold  surface. 

A very  beautiful  experiment  is  made  by  gently  heating  mercuric  iodide  in  a 
large  porcelain  crucible  covered  with  a dial-glass  ; the  yellow  iodide  is  deposited 
in  crystals  projecting  from  the  under  surface  of  the  glass,  and  if  this  be  placed 
on  the  table  with  the  crystals  upwards,  and  some  of  these  be  touched  with  a 
needle,  the  red  spots  appear  like  poppies  among  corn,  and  the  blush  gradually 
spreads  over  the  entire  field,  attended  by  a rustling  movement  caused  by  the 

change  in  crystalline  form.*  _ . 

The  transformation  of  the  yellow  into  the  red  iodide  evolves  heat.  Mercuric 
iodide  dissolves  in  hot  alcohol,  and  crystallises  in  red  octahedra.  Ether  also 
dissolves  it.  It  is  freely  soluble  in  solutions  of  mercuric  chloride  and  potassium 
iodide.  The  latter  yields  yellow  prisms  of  2(HgI„.KI).3Aq.  The  solution  of  this 
salt  mixed  with  potash  forms  Nessler’s  solution,  which  gives  a brown  precipitate 
with  very  minute  quantities  of  ammonia — 

‘2HgI,  + 3KHO  + NH3  = NHg.J.H.,0  + 3KI  + 2H„0. 

The  vapour  density  of  mercuric  iodide  is  of  course  very  high,  being  15.68  times 
that  of  air,  showing  that  the  formula  HgL,  represents  two  volumes. 

292.  Sulphides  of  mercury. — When  mercury  is  triturated  with  sul- 
phur, the  black  subsulphide  of  mercury,  or  mercurous  svlphicle  (hIg2S),  is 
formed;  it  was  termed  by  old  writers  Ethiops  mineral,  and  is  an 
unstable  compound  easily  resolvable  into  metallic  mercury  and  met  cut  ic 
sulphide  (H gS).  The  latter  has  been  mentioned  as  the  principal  ore  of 
mercury,  and  is  important  as  composing  vermilion.  The  native  mer- 
curic sulphide,  or  cinnabar,  is  found  sometimes  in  amorphous  masses, 
sometimes  crystallised  in  six-sided  prisms  varying  in  colour  from  dark 
brown  to  bright  red.  It  may  be  distinguished  from  most  other 
minerals  by  its  great  weight  (sp.  gr.  8.2),  and  by  its  red.  colour 
when  scraped  with  a knife.  Neither  hydrochloric  nor  nitric  acid, 
separately,  will  dissolve  it,  but  a mixture  of  the  two  dissolves  it  as 
mercuric  chloride,  with  separation  of  sulphur.  Some  specimens  ot 
cinnabar  have  a bright  red  colour,  so  that  they  only  require  grind- 
ing and  levigating  to  be  used  as  vermilion;  and  if  the  brown  cinna- 
lm-  in  powder  be  heated  for  some  time  to  120°  F.  (49°  C.)  wrth  a 
solution  of  sulphur  in  potash,  it  is  converted  into  vermilion. 

Of  the  artificial  mercuric  sulphide  there  are  two  varieties  the  black, 
which  is  precipitated  when  corrosive  sublimate  is  added  to  hydro- 
sulphuric  acid  or  a soluble  sulphide,  and  the  red  (vermilion),  into  which 
the  black  variety  is  converted  by  sublimation,  or  by  prolonged  contact 
with  solutions  of  alkaline  sulphides  containing  excess  of  sulphur,  though, 
so  far  as  is  known,  the  conversion  is  effected  without  chemical  change, 
the  red  sulphide  having  the  same  composition  as  the  black.  In  lcina 

* The  author  is  indebted  for  this  experiment  to  Mr.  Herbert  Jackson,  of  Ring’s 
College. 
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and  Holland,  6 parts  of  mercury  and  1 of  sulphur  are  well  agitated 
together  in  revolving  casks  for  several  hours  and  the  black  sulphide 
thus  obtained  is  sublimed  in  tall  earthen  pots  closed  with  iron  plates, 
when  the  vermilion  is  deposited  in  the  upper  part  of  the  pots,  and  is 
afterwards  ground  and  levigated.  The  sublimed  vermilion,  however, 
is  generally  inferior  to  that  obtained  by  the  wet  process,  of  which  there 
are  several  modifications.  One  of  the  processes  consists  in  triturating 
300  parts  of  mercury  with  1x4  parts  of  sulphur  for  two  or  three  hours, 
and  digesting  the  black  product,  at  about  120°  F.,  with  75  parts  of 
caustic  potash  and  400  of  water  until  it  has  acquired  a fine  red  colour. 
The  permanence  of  vermilion  paint  is,  of  course,  attributable  to  the 
circumstance  that  it  resists  the  action  of  light,  of  oxygen,  carbonic  acid, 
aqueous  vapour,  and  even  of  the  sulphuretted  hydrogen,  and  sulphurous 
or  sulphuric  acid  which  contaminate  the  air  of  towns,  whereas  the  red 
paints  containing  lead  are  blackened  by  sulphuretted  hydrogen,  and  all 
vegetable  and  animal  reds  are  liable  to  be  bleached  by  atmospheric 
oxygen  and  by  sulphurous  acid. 

The  conversion  of  the  black  mercuric  sulphide  into  the  red  form  is  quickly- 
effected  by  boiling  it  with  freshly  prepared  ammonium  polysulphide  (made  by 
saturating  ammonia  with  H._,S  and  dissolving  sulphur  in  the  liquid,,  gently  warmed, 
until  it  has  a dark  sherry  colour).  If  this  solution  be  poured  upon  the  freshly 
precipitated  black  sulphide,  and  boiled  for  a minute,  the  sulphide  assumes  a 
crystalline  appearance  and  a bright  vermilion  colour  (Herbert  Jackson). 

If  the  black  sulphide  be  boiled  with  potassium  sulphide  and  potash,  it  is  dis- 
solved, and  the  solution  deposits  white  needles  of  HgS.K2S-5H„0,  which  are  decom- 
posed by  water. 

When  the  black  precipitated  mei’curic  sulphide  is  boiled  with  solution 
of  corrosive  sublimate,  it  is  coixverted  into  a white  chlorosulphide  of 
mercury , HgCl„.2lIgS,  which  is  also  formed  when  a small  quantity  of 
hydrosulphuric  acid  is  added  to  corrosive  sublimate,  becoming  yellow, 
brown,  and  black  on  adding  more  H,S. 

Vei’milion  may  be  prepared  by  adding  HgCl.,  to  a slight  excess  of 
dilute  ammonia,  nearly  dissolving  the  precipitate  in  sodium  thiosulphate 
(hyposulphite)  and  heating,  when  a bright  yellow  precipitate  is  obtained, 
which  becomes  bright  red  on  boiling. 

It  is  remarkable  that  the  density  of  its  vapour  indicates  that  the 
molecule  of  vermilion,  HgS,  occupies  3 volumes  instead  of  2,  contain- 
ing 2 volumes  of  mercury  vapour  combined  with  1 volume  of  sulphur 
vapour.  The  anomaly  might  be  explained  on  the  supposition  that  the 
high  tempeivature  requisite  to  convert  the  vermilion  into  vapour  suffices 
to  suspend  the  atti'action  between  its  elements,  so  that  the  vapour  of 
which  the  specific  gravity  is  taken  is  not  really  that  of  the  compound  of 
mercury  and  sulphur  (which  should  occupy  2 volumes),  but  a mixture 
of  the  2 volumes  of  mercury  vapour  and  1 volume  of  sulphur  vapour, 
occupying  3 volumes.  This  view  of  the  temporary  decomposition  of  the 
vapour  receives  some  slight  support  from  the  convertibility  of  the  black 
into  the  red  sulphide  by  sublimation. 


PLATINUM. 

Pt=  197. 1 parts  by  weight. 

293-  Platinum  ( platina , Spanish  diminutive  of  silver)  is  remarkable 
for  (1)  its  high  specific  gravity  of  21.5  ; (2)  its  veiy  high  fusing  point, 
about  2000°  C.;  (3)  its  slight  expansioix  when  heated,  which  allows  it 
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to  be  sealed  into  glass  without  cracking  by  unequal  contraction  on  cool- 
ing ; (4)  its  being  unchanged  by  air  at  all  temperatures ; (5)  its  re- 
sistance to  the  action  of  strong  acids  • (6)  its  power  of  inducing  the 
combination  of  oxygen  with  other  bodies ; (7)  its  being  found  in  nature 
only  in  the  metallic  state.  It  is  found  distributed  in  flattened  grains 
through  alluvial  deposits  similar  to  those  in  which  gold  is  found ; indeed, 
these  grains  are  generally  accompanied  by  grains  of  gold,  and  of  a group 
of  very  rare  metals  only  found  in  platinum  ores,  viz.,  palladium,  iridium, 
osmium,  rhodium,  and  ruthenium.  .Russia  furnishes  the  largest  supply 
of  platinum  from  the  Ural  Mountains,  but  smaller  quantities  are  obtained 
from  Brazil,  Peru,  Borneo,  Australia,  and  California. 

The  process  for  obtaining  the  platinum  in  a marketable  form  is  rather 
a chemical  than  a metallurgic  operation.  The  ore,  containing  the  pains 
of  platinum  and  the  associated  metals,  is  heated  with  a dilute  mixture 
of  hydrochloric  and  nitric  acids,  by  which  the  platinum  is  converted 
into  platinic  chloride  (PtCl4)  and  dissolved,  whilst  the  iridium  and 
osmium  are  left  in  the  residue.  The  solution  is  evaporated  to  dryness, 
and  the  residue  heated  to  1250  C.,  when  the  palladic  chloride,  PdCl4, 
becomes  palladous  chloride,  PdCl,,  which  is  not  precipitated  by  am- 
monium chloride.  The  chlorides  are  dissolved  in  water,  and  the  solution 
is  mixed  with  some  ammonium  chloride,  which  combines  with  the  pla- 
tinic chloride  to  form  a yellow  insoluble  salt  (ammonio-platinic  chloride, 
2]STH4Cl.PtCl4).*  This  precipitate  is  collected,  washed,  and  heated  to 
redness,  when  all  its  constituents,  except  the  platinum,  are  expelled  in 
the  form  of  gas,  that  metal  being  left  in  the  peculiar  porous  condition 
in  which  it  is  known  as  spongy  platinum.  To  convert  this  into  compact 
platinum  is  by  no  means  an  easy  task,  on  account  of  the  infusibility  of 
the  metal,  for  it  remains  solid  at  the  very  highest  temperatures  of 
our  furnaces.  The  spongy  platinum  is  finely  powdered  in  a wooden 
mortar  (as  it  would  cohere  into  metallic  spangles  in  one  of  a harder 
material)  and  rubbed  to  a paste  with  water ; this  paste  is  then  rubbed 
through  a sieve  to  render  it  perfectly  smooth  and  uniform,  and  intro- 
duced^into  a cylinder  of  brass,  in  which  it  is  subjected  to  pressure  so  as 
to  squeeze  out  the  water,  and  cause  the  minute  particles  of  platinum  to 
cohere  into  a somewhat  compact  disc ; this  disc  is  then  heated  to  white- 
ness, and  beaten  into  a compact  metallic  ingot  by  a heavy  hammer ; it 
is  then  ready  for  forging. 

This  method  is  now  modified  by  fusing  the  ore  with  6 parts  of  lead,  and  treating 
the  alloy  with  dilute  nitric  acid  (1:8),  which  dissolves  most  of  the  lead,  together 
with  copper,  iron,  palladium,  and  rhodium.  The  residue,  containing  platinum, 
lead  and  iridium,  is  treated  with  dilute  aqua  regia,  which  leaves  the  iridium  un- 
dissolved. The  lead  is  precipitated  by  sulphuric  acid,  and  the  solution  of  platinic 


chloride  treated  as  above.  , . , 

Another  process  for  obtaining  platinum  from  its  ores  is  based  upon  the  tendency 
of  this  metal  to  dissolve  in  melted  lead.  The  platinum  ore  is  fused  m a small 
reverberatory  furnace,  with  an  equal  weight  of  sulphide  of  lead  and  the  same 
quantity  of  oxide  of  lead,  when  the  sulphur  and  oxygen  escape  as  sulphurous  acid 
gas,  and  the  reduced  lead  dissolves  the  platinum,  leaving  undissolved  a very- 
heavy  alloy  of  osmium  and  iridium,  which  sinks  to  the  bottom.  1 he  upper  part 
of  the  alloy  of  lead  and  platinum  is  then  ladled  out  and  cupelled  (page  39°)  > 


* When  rhodium  is  present,  the  liquid  from  which  this  precipitate  has  been  deposited 
will  have  a rose  colour  The  precipitate  is  then  mixed  with  bisulphate  of  potossium  and 
d t Msu  fi  t nni  niil,  and  heated  to  redness  in  a platinum  dish.  The  rhodium 
ta  SS ^into  a double  s’ulphate  of  rhodium  and  potassium,  which  may  be  removed 
from  the  spongy  platinum  by  boiling  with  water. 
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when  the  latter  metal  is  left  in  a spongy  condition,  the  lead  being  removed  in 
the  form  of  oxide.  The  platinum  is  then  fused  by  the  aid  of  the  'oxyhydrogen 
blowpipe,  in  a furnace  made  of  lime  (fig.  263), 
whence  it  is  poured  into  an  ingot  mould  made  of 
gas  carbon.  The  melted  platinum  absorbs  oxy- 
gen mechanically  like  melted  silver,  and  evolves 
it  again  on  cooling  (see  page  391).  Platinum 
articles  are  now  frequently  made  from  the  fused 
metal,  instead  of  from  that  which  has  been 
welded. 


Fig.  263. 


Its  resistance  to  the  action  of  high  tem- 
peratures and  of  most  chemical  agents 
renders  platinum  of  the  greatest  service  in 
chemical  operations.  It  will  be  remembered 
that  platinum  stills  are  employed,  even  on  the 
large  scale,  for  the  concentration  of  sulphuric 
acid.  In  the  form  of  basins,  small  crucibles, 
foil,  and  wire,  this  metal  is  indispensable  to 
the  analytical  chemist.  Unfoi'tunately,  it  is  softer  than  silver,  and  there- 
fore ill  adapted  for  wear,  and  is  so  heavy  that  even  small  vessels  must 
be  made  very  thin  in  order  not  to  be  too  heavy  for  a delicate  balance. 
Commercial  platinum  generally  contains  a little  iridium,  which  hardens 
it  and  increases  its  elasticity.  Its  malleability  and  ductility  are  very 
considerable,  so  that  it  is  easily  rolled  into  thin  foil  and  drawn  into  fine 
wires ; in  ductility  it  is  surpassed  only  by  gold  and  silver,  and  it  has 
been  drawn,  by  an  ingenious  contrivance  of  Wollaston’s,  into  wire  of 
only  aooOo^  an  inch  in  diameter,  a mile  of  which  (notwithstanding 
the  high  specific  gravity  of  the  metal)  would  only  weigh  a single  grain. 
This  remarkable  extension  of  the  metal  was  effected  by  casting  a cylinder 
of  silver  around  a very  thin  platinum  wire  obtained  by  the  ordinary 
process  of  wire-drawing ; when  the  cylinder  of  silver,  with  the  platinum 
wiie  in  its  centre,  was  itself  drawn  out  into  an  extremely  thin  wire,  of 
course  the  platinum  core  would  have  become  inconceivably  thin,  and 
when  the  silver  casing  was  dissolved  off  by  nitric  acid,  this  minute  fila- 
ment of  platinum  was  left.  Platinum  is  sometimes  employed  for  the 
touch-holes  of  fowling-pieces  on  account  of  its  resistance  to  corrosion. 
An  alloy  of  4 parts  platinum,  3 parts  silver,  and  1 part  copper  is  used 
for  pens. 

The  remarkable  power  possessed  by  platinum,  of  inducing  chemical 
combination  between  oxygen  and  other  gases,  has  already  been  noticed. 
Even  the  compact  metal  possesses  this  property,  as  may  be  seen  by  heat- 
mg  a piece  of  platinum  foil  to  redness  in  the  flame  of  a gauze  gas-burner, 
rapidly  extinguishing  the  gas,  and  turning  it  on  again, 
when  the  cold  stream  of  gas  will  still  maintain  the  metal 
at  a led  heat,  in  consequence  of  the  combination  with 
atmospheric  oxygen  at  the  surface  of  the  platinum. 

A similar  experiment  may  be  made  by  suspending  a 
coil  of  platinum  wire  in  the  flame  of  a spirit  lamp  (fig. 

264),  and  suddenly  extinguishing  the  flame,  when  the 
metal  is  intensely  heated,  by  placing  the  mouth  of  a 
. est"tube  over  it ; the  wire  will  continue  to  glow  by 
me  ucing  the  combination  of  the  spirit  vapour  with 
oxygen  on  its  surface.  By  substituting  a little  ball  of  spongy  platinum 
or  the  coil  of  platinum  wire,  and  mixing  some  fragrant  essential  oil  with 


Fig.  264. 
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the  spirit,  an  elegant  perfuming  lamp  has  been  contrived.  Upon  the 
same  principle  an  instantaneous  light  apparatus  has  been  made,  in 
which  a jet  of  hydrogen  gas  is  kindled  by  falling  upon  a fragment  of 
cold  spongy  platinum,  which  at  once  ignites  it  by  inducing  its  combina- 
tion with  the  oxygen  condensed  within  the  pores  of  the  metal.  Spongy 
platinum  is  obtained  in  a very  active  form  by  heating  the  ammonio- 
chloride  of  platinum  very  gently  in  a stream  of  coal  gas  or  hydrogen  as 
long  as  any  fumes  of  hydrochloric  acid  are  evolved. 

If  platinum  be  precipitated  in  the  metallic  state  from  a solution,  it  is 
obtained  in  the  form  of  a powder,  called  platinum  black,  which  possesses 
this  power  of  promoting  combination  with  oxygen  in  the  highest  per- 
fection. This  form  of  platinum  may  be  obtained  by  boiling  solution  of 
platinic  chloride  with  Rochelle  salt  (potassium  sodium  tartrate),  or  by 
dropping  it  into  a boiling  mixture  of  3 vols.  glycerin  and  2 \ ols.  IvHO 
of  sp.  gr.  1.08,  when  the  platinum  black  is  precipitated,  and  must  be 
filtered  off,  washed,  and  dried  at  a gentle  heat. 

Platinum  in  this  form  is  capable  of  absorbing  800  times  its  volume  of 
oxygen,  which  does  not  enter  into  combination  with  it,  but  is  simply  con- 
densed into  its  pores,  and  is  available  for  combination  with  other  bodies. 
A jet  of  hydrogen  allowed  to  pass  on  to  a grain  or  two  of  this  pov  der  is 
kindled  at  once,  and  if  a few  particles  of  it  be  thrown  into  a mixture  of 
hydrogen  and  oxygen,  explosion  immediately  follows.  A drop  of  alcolio 
is  also  inflamed  when  allowed  to  fall  upon  a little  of  the  pov  dei . 
Platinum  black  loses  its  activity  after  having  been  heated  to  redness. 
Recent  experiments  by  Berthelot  indicate  that  platinum  black  is  lea  y 
an  oxide  ; he  concludes  that  the  combustion  of  hydrogen  and  oxygen  in 
presence  of  platinum  is  explained  by  the  formation,  at  first,  of  an 
unstable  hydride  of  platinum,  with  development  of  heat,  which  is 
oxidised  with  a still  further  development  of  heat.  By  a continued 
repetition  of  these  changes,  the  platinum  is  raised  to  the  temperature 

necessary  for  ignition.  . , .. 

Although  platinum  resists,  the  action  of  hydrochloric  ancl  nitric  acids, 
unless  they  are  mixed,  and  is  unaffected  at  the  ordinary  temperature  In 
other  chemical  agents,  it  is  easily  attacked  at  high  temperatures  by 
phosphorus,  arsenic,  carbon,  boron,  silicon,  and  by  a large  number  of 
the  metals  ; the  caustic  alkalies  and  alkaline  earths  also  corrode  it  w lien 
heated  so  that  some  discretion  is  necessary  in  the  use  of  vessels  made 
of  this  costly  metal.  When  platinum  is  alloyed  with  10  parts  of  siher, 
both  metals  may  be  dissolved  by  nitric  acid. 

Tf  nlatinum  be  dissolved  in  4 or  5 parts  of  melted  tin,  and  the  alloj  boilei 
with  hydrochloric  acid  mixed  with  an  equal  bulk  of  water,  glistening  scales  are 
left  resembling  graphite,  and  soiling  the  lingers.  This  contains  platinum,  tin, 
chlorine  hydrogen,  and  oxygen.  By  treatment  with  warm  dilute  ammonia  it 
becomes  brownish,  and  when  dried  in  a vacuum  over  sulphuric  acid,  ha.  the 
rrmmosition  Pt  Sn,O.H„.  When  this  is  heated  in  dry  oxygen,  it  becomes  Ptj&n  04. 
Heated  in  hydrogen  it  leaves  a greyish  almost  infusible  powder  containing  Pt2Sn  . 

,0 d Oxides  of  platinum. — Only  one  compound  of  platinum  with 
oxygen  is  known  in  the  separate  state,  the  other  having  been  obtained 
in  ~ combination  with  water.  Platinous  oxide,  PtO,  is  precipitated  as  a 
black  hydrate  by  decomposing  platinous  chloride  with  potash,  and 
neutralising  the  solution  with  dilute  sulphuric  acid.  It  is  a feeble  base, 
and  decomposes  when  heated,  leaving  metallic  platinum.  Platinic  oxide, 

PtOs,  is  also  a weak  base. 
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Platinic  hydrate , Pt(HO)4,  is  obtained  by  boiling  platinic  chloride 
with  potash,  and  treating  the  precipitate  with  acetic  acid ; this  leaves  a 
nearly  white  powder,  Pt(H0)4.2H„0.  At  ioo°  C.  this  becomes  brown 
Pt(HO),.  Acids  dissolve  it,  forming  platinic  salts.  Alkalies  dissolve 
it,  forming  platinates.  Heat  reduces  the  oxides  and  hydrates  to  metallic 
platinum. 

Sodium  platinate , Ha„PtsO_.6Aq,  may  be  crystallised  from  a solution 
of  the  acid  in  soda.  Calcium  platinate  is  convenient  for  the  separation 
of  platinum  from  iridium,  which  is  generally  contained  in  the  com- 
mercial metal ; for  this  purpose,  the  platinum  is  dissolved  in  nitro- 
hydrochloric  acid,  the  solution  evaporated  till  it  solidifies  on  cooling, 
the  mixed  chlorides  of  iridium  and  platinum  dissolved  in  water,  ancl 
decomposed  with  an  excess  of  lime  without  exposure  to  light ; the  platinum 
then  passes  into  solution  as  calcium  platinate,  and  the  platinic  acid  may 
be  separated  as  a calcium  salt  from  the  filtered  solution,  by  exposure 
to  light.  . If  platinic  oxide  be  dissolved  in  diluted  sulphuric  acid  and 
the  solution  mixed  with  excess  of  ammonia,  a black  precipitate  of  ful- 
minating platinum  is  obtained,  which  detonates  violently  at  about 
400  F . This  compound  is  said  to  have  a composition  corresponding  to 
the  formula  N'2H,Ptlv,.4H!0,  or  a combination  of  water  with  a double 
molecule  of  ammonia  (N„H0),  in  which  4 atoms  of  hydrogen  are  replaced 
by  1 atom  of  tetrad  platinum. 

295.  Chlorides  of  platinum. — The  perchloride,  or  platinic  chloride 
(PtCl,),  is  the  most  useful  salt  of  the  metal,  and  may  be  prepared  by 
dissolving  scraps  of  platinum-foil  in  a mixture  of  four  measures  of 
hydrochloric  acid  with  one  of  nitric  acid  (100  grs.  or  6.5  grms.  of 
platinum  require  2 measured  ounces  or  56  c.c.  of  hydrochloric  acid), 
evaporating  the  liquid  at  a gentle  heat  to  the  consistence  of  a syrup, 
redissolving  in  hydrochloric  acid,  and  again  evaporating  to  expel  excess 
of  nitric  acid.  . The  syrupy  liquid  solidifies,  on  cooling,  to  a red-brown 
mass,  which  is  very  deliquescent,  and  dissolves  easily  in  water  or 
alcohol  to  a red-brown  solution.  If  the  concentrated  solution  be 
allowed  to  cool  before  all  the  free  hydrochloric  acid  has  been  expelled, 
long  brown  prismatic  crystals  of  a combination  of  platinic  chloride  with 
hydrochloric  acid  are  obtained  (PtCl4.2lIC1.6Aq).  Platinic  chloride 
is  remarkable  for  its  disposition  to  form  sparingly  soluble  double 
chlorides  with  the  chlorides  of  the  alkali  metals  and  the  hydrochlo- 
rates  of  organic  bases,  a property  of  great  value  to  the  chemist  in 
ellecting  the  detection  and  separation  of  these  bodies. 

A good  example  of  this  has  lately  been  afforded  in  the  separation 

0 potassium,  rubidium,  and  caesium.  The  chlorides  of  these  three 
metals  having  been  separated  from  the  various  other  salts  contained 
in  the  mineral  water  in  which  they  occur,  are  precipitated  with 
platinic  chloride,  which  forms  combinations  with  all  the  three  chlorides. 

1 he  platino-chloride  of  potassium  is  more  easily  dissolved  by  boiling 
water  than  those  of  rubidium  and  caesium,  and  is  removed  by  boiling 
the  mixed  precipitate  with  small  portions  of  water  as  long  as  the  latter 
acquires  a yellow  colour.  The  remaining  platino-chlorides  of  rubidium 
and  caesium  are  then  heated  in  a current  of  hydrogen,  which  reduces 
t le  platinum  to  the  metallic  state,  and  the  chlorides  may  then  be 
extracted  by  water,  in  which  they  are  very  soluble. 

Potassium  platinic  chloride  (cKCl.PtCl,)  forms  minute  yellow  octa- 
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heclral  crystals  ; those  of  rubidium  and  c cesium  have  a similar  composi- 
tion and  crystalline  form.  Sodium  platinic  chloride  differs  from  these 
in  being  very  soluble  in  water  and  alcohol ; it  may  be  crystallised  in 
long  red  prisms,  having  the  composition  cNaCLPtCl4.6Aq.  Ammonium 
platinic  chloride  (2NH4Cl.PtCl4)  has  been  already  noticed  as  the  form 
in  which  platinum  is  precipitated  in  order  to  separate  it  from  other 
metals.  It  crystallises,  like  the  potassium-salt,  in  yellow  octahedi  a, 
which  are  very  sparingly  soluble  in  water  and  insoluble  in  alcohol, 
is  the  form  into  which  nitrogen  is  finally  converted  in  analysis  in  01  c er 
to  determine  its  weight.  When  heated  to  redness,  this  salt  eav  es  a 
residue  of  spongy  platinum. 

Platinic  chloride  is  sometimes  used  for  browning  gun-barrels,  Ac., 
under  the  name  of  muriate  of  platina.  Silver  nitrate,  added  m excess 
to  platinic  chloride  containing  HC1,  precipitates  all  the  platnium  as 
2AgCl.PtCL,  a yellow  precipitate  decomposed  by  water. 

Protochloride  of  platinum,  or  platinous  chloride  (PtCls).— Platinic 
heated  to  4C00  F.  (232°  C.)  without  decomposition,  but  above  that  temperature  it 
evolves  chlorine;  and  is  slowly  converted  into  the  platinous  chloride,  which  is 

reduced,  at  a much  higher  temperature  to  the  metallic  state.  and  sul- 

forms  a dingy  green  powder,  which  is  insoluble  in  water  and  m nitric  and  sui 

phuxic  acidsfbrd  dissolves  in  hot  hydrochloric  acid,  and 
chloride,  yielding  in  the  former  a bright  red  m the  latter  a very  dark  bio 
solution.  Platinous  chloride  is  capable  of  absorbing  ethjdon^ 
it  absorbs  CO  and  forms  crystalline  compounds.  Its  so  ut  on  m ^ochlonc 
acid  is  not  precipitated  by  potassium  chloride,  but  a soluble  . double  cMon 
/ TT-pi  T54.pi  \ ,nav  be  crystallised  from  the  liquid.  If  ammonium  chloride  be 
added  to  the  hydrochloric  solution,  a double  salt,  2NH4Cl.PtCl„,  may  be  obtained 
hi  yellnw  crystals  by  evaporation.  If,  instead  of  ammonium  chloride  free 
ammonia  be  added  in  excess  to  the  boiling  solution  of 

hvdrochloric  acid  brilliant  green  needles  (green  salt  of  Magnus)  are  deposited 
on  cooling  which  contain  the  elements  of  platinous  chloride  and  ammonia, 
PtCl  (NH8)’  • but  from  the  behaviour  of  this  compound  with  chemical  agents,  its 
SS  wood  appear  to  be  N.H.PfCb,  in  which  the  gajjf  * ato°r  of 
hvflrocen  in  2 molecules  of  sal-ammoniac  is  occupied  by  platinum,  liy  neau 
this  salt  with  an  excess  of  ammonia,  the  solution  on  c.°o11^’  deP°f  ^ the 
white  prismatic  crystals  of  liydrocldorate  of  diplatosamine, 1(1  • 

•nrnrlnction  of  which  maybe  represented  by  the  equation  NoH6lt  Oi2  1 21x113 
NH  Pt".2HCl.  By  decomposing  a solution  of  this  salt  with  silver  su  p c , 
the  'sulphate  of  diplatosamine  is  obtained— 

N.H„rt".2HCl  + Ag.SO,  = N.Hj.Pt  .H,SO,  + *AgCl. 

When  the  sohition  of  diplatosamine  sulphate  is  treated  with  barium  hydjjte, 

^a^sam\ne^hy^^^e^^s amm onia  Sm  il  X*  S 
carbonic  acid  from  tne  ai  , , B &„  . off  water  and  ammonia,  and 

hydrate  of  -SStoa "grey  insoluble  substance,  which  is  platosamine  hydrate, 
T?O  incl  may  be  regarded  as  a compound  of  water  with  a double  mole- 
N,H4Pt  ■H,0,  nn  3 * one_third  of  the  hydrogen  is  replaced  by  plati- 

the  “n  wulh  2 atoms  if  the  hydrogen  are  replaced  by  platinum, 

sulphctte,  [f'  -^1  -i )*2V  u 7 • /-vf  rr  134-  oi-TQi^  is  isomeric  with  the  green  shit  ot 

■ - — 

* The  salts  of  ^tosunhac , are 

of  nitrous  acid,  and fS  mauyotherintem  sting  points  in  the  history  of  these 
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If  the  platosamine  hydrochlorate,  suspended  in  boiling  water,  be  treated  with 
•chlorine,  it  is  converted  into  platinamine  hydrochlorate,  N.,H.,Ptiv.4HCl.  The  con- 
version of  the  platosamine  hydrochlorate  into  platinamine  hydrochlorate  may 
be  represented  by  the  equation  N2H4Pt.2HCl  + Cl2  = N2H2Pt.4HCl.  By  boiling 
the  hydrochlorate  of  platinamine  with  silver  nitrate,  it  is  converted  into  platin- 
amine nitrate,  N2H2Pt(HN03)4 ; and  when  this  is  dissolved  in  boiling  water  and 
decomposed  by  ammonia,  the  platinamine  hydrate  (N2H2Pt.4H20)  is  obtained 
in  yellow  prismatic  crystals,  having  the  same  composition  as  that  assigned  to 
fulminating  platinum. 

Several  other  platinum  compounds  derived  from  ammonia  have  been  obtained, 
but  cannot  at  present  be  so  conveniently  classified.  The  following  table  exhibits 
the  composition  of  those  here  enumerated,  the  platinum  as  it  exists  in  platinous 
chloride  (PtCl2),  occupying  the  place  of  2 atoms  of  hydrogen,  being  represented 
by  Pt",  and  the  platinum  as  it  exists  in  platinic  chloride  (PtCl4),  occupying  the 
place  of  4 atoms  of  hydrogen,  by  Ptiv : — 


Platosamine  hydrate 

,,  hydrochlorate 
,,  sulphate 
Platinamine  hydrate 

,,  hydrochlorate 
Diplatosamine  hydrate  . 

,,  hydrochlorate 


N.,H4Pt".H.,0 
N2H4Pt\2HCl 
N;,H4Pt,'.H.)S04Aq 
N'H2Ptiv.4H20 
N,H2Ptiv.4HCl 
N4H10Pt".2H2O 
N1HinPt,,.2HCl.Aq 
N4H10Pt".H2SO4 


,,  sulphate  . 

Some  of  the  salts  of  diplatinamine  (N(HsPtlv)  have  been  obtained,  this  base  being 
derived  from  4 molecules  of  ammonia  in  which  H4  have  been  replaced  by  Ptiv. 

Platinic  iodide,  Ptl4,  is  a dark  brown  amorphous  substance  which  is  soluble 
in  HI,  yielding  a purple-red  solution  containing  2HI.PtIj.9Aq,  which  may  be 
crystallised.  Hence  the  dark  red  colour  when  an  acid  solution  of  PtCl4  is  added 
to  potassium  iodide. 


The  sulphides  of  platinum  correspond  in  composition  to  the  oxides  and  chlorides, 
and  may  be  obtained  by  the  action  of  hydrosulphuric  acid  upon  the  respective 
chlorides,  as  black  precipitates.  PtS2  combines  with  alkaline  sulphides  to  form 
soluble  compounds.  K2S-3PtS.PtS2  is  obtained  by  fusing  spongy  platinum  with 
KHO  and  sulphur. 

Platinum  phosphide,  PtP2,  and  arsenide,  PtAs„,  are  lustrous  metallic  bodies  formed 
by  direct  combination  at  a high  temperature. 

296.  Palladium  (Pd=  105.7)  is  found  in  small  quantity  associated  with  native 
gold  and  platinum.  . It  presents  a great  general  resemblance  to  platinum,  but  is 
distinguished  from  it  by  being  far  more  easily  oxidised,  and  by  its  forming  an 
insoluble  cyanide.  This  circumstance  is  taken  advantage  of  in  separating  pal- 
ladium from  the  platinum  ores,  for  which  purpose  the  solution  from  which  the 
greater  part  of  the  platinum  has  been  precipitated  by  ammonium  chloride  (page 
416)  is  neutralised  with  sodium  carbonate,  and  mixed  with  solution  of  mercuric 
cyanide,  Hg(CN)2,  when  a yellowish  precipitate  of  palladium  cyanide  is  obtained, 
yielding  spongy  palladium  when  heated,  which  may  be  welded  into  a compact 
form  in  the  same  manner  as  platinum.  When  alloyed  with  native  gold,  palladium 
is  separated  by  fusing  the  alloy  with  silver,  and  boiling  it  with  nitric  acid,  which 
leaves  the  gold  undissolved.  The  silver  is  precipitated  from  the  solution  as 
chloride,  by  adding  sodium  chloride,  and  metallic  zinc  is  placed  in  the  liquid, 
which  precipitates  the  palladium,  lead,  and  copper  as  a black  powder.  This  is 
dissolved  m nitric  acid,  and  the  solution  mixed  with  an  excess  of  ammonia,  which 
precipitates  the  lead  oxide,  leaving  the  copper  and  palladium  in  solution.  On 
adding  hydrochloric  acid  in  slight  excess,  a yellow  precipitate  of  palladamine 
lydrocjuorate  (N2H4Pd.2HCl)  is  obtained,  which  leaves  metallic  palladium  when 
Cheated. 


Palladium  is  harder  than  platinum  and  much  lighter  (sp.  gr.  11.5) ; it  is  malle- 
a ole  and  ductile  like  that  metal,  and  somewhat  more  fusible,  though  it  cannot  be 
melted  m an  ordinary  furnace.  It  is  unchangeable  in  air  unless  heated,  when  it 
jecomes  blue  from  superficial  oxidation,  but  regains  its  whiteness  when  further 
eated,  the  oxide  being  decomposed.  Unlike  platinum,  it  may  be  dissolved  by  nitric 
•acid,  forming  palladium  nitrate,  Pd(N03)2,  which  is  sometimes  employed  in  analysis 


platinum  compound),  the  reader  is  referred  to  the  elaborate  and  accurate  memoir 
tiaclow,  Journal  of  the  Chemical  Society,  August  1866 
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for  precipitating  iodine  from  the  iodides,  in  the  form  of  black  palladiuvi  iodide 
(Pdl2).  Palladium  is  useful,  on  account  of  its  hardness,  lightness,  and  resistance 
to  tarnish,  in  the  construction  of  philosophical  instruments  ; alloyed  with  twice 
its  weight  of  silver,  it  is  used  for  small  weights. 

Palladium,  at  a slightly  elevated  temperature,  absorbs,  mechanically,  many 
times  its  volume  of  hydrogen.  Hammered  palladium  foil  condenses  640  times 
its  volume  of  hydrogen,  below  212°  F.,  though  it  has  not  the  power  of  absorbing 
oxygen  or  nitrogen.  Foil  made  from  fused  palladium  only  absorbs  68  times  its 
volume  of  hydrogen.  The  sp.  gr.  of  the  hydrogen  as  it  exists  in  the  palladium 
is  0.62.  The  highest  number  obtained  for  the  atomic  heat  of  the  hydrogen  in 
palladium  was  5.88.  The  absorption  of  1 grm.  of  hydrogen  by  palladium  evolves- 
9000  heat  units.  It  is  believed  that  the  hydrogen  combines  with  the  palladium 
to  form  Pd2H.  The  hydrogen  in  this  condition  is  a very  active  reducing  agent ; 
it  converts  potassium  chlorate  into  chloride,  and  potassium  nitrate  into  nitrite.. 

Of  the  oxides  of  palladium,  two  correspond  with  those  of  platinum,  and  a basic 
oxide  (PdO)  has  been  obtained  by  gently  heating  the  dioxide.  Palladio  chloride 
(PdCl4)  is  very  unstable,  being  easily  decomposed,  even  in  solution,  into  palladous 
chloride  (PdCl„)  and  free  chlorine.  Both  the  chlorides  form  double  salts  with  the 
alkaline  chlorides,  those  containing  the  palladous  chloride  (PdCl„)  having  a dark 
green  colour.  Pulverulent  'palladium  carbide  is  formed  when  the  metal  is  heated 
in  the  flame  of  a spirit-lamp. 

297.  Rhodium  (Ro=  104.3),  another  of  the  metals  associated  with  the  ores  of 
platinum,  has  acquired  its  name  from  the  red  colour  of  many  of  its  salts  (p68ov, 
a rose).  It  is  obtained  from  the  solution  of  the  ore  in  aqua  regia  by  precipitating" 
the  platinum  with  ammonium  chloride,  neutralising  with  sodium  carbonate, 
adding  mercuric  cyanide  to  separate  the  palladium,  and  evaporating  the  filtered 
solution  to  dryness  with  excess  of  hydrochloric  acid.  On  treating  the  residue 
with  alcohol,  the  double  chloride  of  rhodium  and  sodium  is  left  undissolved  as  a 
red  powder.  By  heating  this  in  a tube  through  which  hydrogen  is  passed,  the 
rhodium  is  reduced  to  the  metallic  state,  and  the  sodium  chloride  may  be  washed 
out  with  water,  leaving  a grey  powder  of  metallic  rhodium,  which  is  fused  by  the 
oxyhydrogen  blowpipe  with  greater  difficulty  than  platinum,  and  forms. a "very 
hard  malleable  metal  not  dissolved  even  by  aqua  regia,  although  this  acid  dissolves 
it  in  ores  of  platinum,  because  it  is  alloyed  with  other  metals.  If  platinum  be 
alloyed  with  30  per  cent,  of  rhodium,  however,  it  is  not  affected  by  aqua  regia, 
which  will  probably  render  the  alloy  useful  for  chemical  vessels.  Rhodium  may 
be  brought  into  solution  by  fusing  it  with  bisulphate  of  potash,  when  sulphurous- 
acid  gas  escapes,  and  a double  sulphate  of  rhodium  and  potassium  is  formed, 
which  gives  a pink  solution  with  water.  Finely  divided  rhodium  is  oxidised 
when  heated  in  air.  It  appears  to  form  two  oxides,  the  monoxide  (RoO),  which 
is  very  little  known,  and  the  sesquioxide  (Ro203),  obtained  by  fusing  rhodium  with 
potassium  carbonate  and  nitre,  and  washing  the  fused  mass  with  water,  which 
leaves  an  insoluble  compound  of  the  sesquioxide  with  potash. ; on  treating  this 
with  hydrochloric  acid,  the  sesquioxide  of  rhodium  is  left.  It  is  not  decomposed, 
by  heat,  and  is  insoluble  in  acids,  though  it  is  a basic  oxide,  and  its  salts,  which 
have  a red  colour,  are  obtained  by  indirect  methods. 

Rhodium  trichloride  (RoCl.,)  has  a brownish -black  colour,  and  does  not  crystal- 
lise. Its  aqueous  solution  is  red,  and  it  forms  crystallisable  double  Salts  with 
the  alkaline  chlorides,  which  have  a fine  red  colour.  The  double  chloride  of 
rhodium  and  sodium  (3NaCl.RoCl3)  is  prepared  by  heating  a mixture  of  pul- 
verulent rhodium  and  sodium  chloride  in  a current  of  chlorine.  It  crystallises 
in  red  octahedra  with  qAq.  On  boiling  a solution  of  rhodium  trichloride  with 
ammonia  in  excess,  a yellow  ammoniated  salt  (RoC13.5NH3)  may  be  crystallised 
out  from  which  metallic  rhodium  may  be  obtained  by  ignition. 

With  sulphur,  rhodium  combines  energetically  at  a high  temperature ; a mono- 
sulphide and  a sesquisulphide  have  been  obtained.  ..  . , 

An  alloy  of  gold  with  between  30  and  40  per  cent,  of  rhodium  has  been  found 

m 2Ar^xl°°Miujt  f0s  = 200)  is  characterised  by  its  yielding  a very  volatile  acid  oxide 
(osmic  anhydride,  OsO.,),  the  vapours  of  which  have  a very  irritating  odour  w 
odour)  It  occurs  in  the  ores  of  platinum  in  flat  scales,  consisting  of  an  alloy  ol 

osmium,  iridium,  ruthenium,  and  rhodium  This  alloy  is  als°/°™C3 .JJf'Xtht 
with  native  gold,  and,  being  very  heavy,  it  accumulates  at  the  bottom  of  the 
crucible  in  which  the  gold  is  melted.  The  osmium  alloy  is  extremely  hard,  and 
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has  been  used  to  tip  the  points  of  gold  pens.  When  a grain  of  it  happens  to  be 
present  in  the  gold  which  is  being  coined,  it  often  seriously  injures  the  die.  When 
the  platinum  ore  is  treated  with  aqua  regia,  this  alloy  is  left  undissolved,  together 
with  grains  of  chrome-iron  ore  and  titanic  iron.  To  extract  the  osmium  from 
this  residue,  it  is  heated  in  a porcelain  tube  through  which  a current  of  dry  air 
is  passed,  when  the  osmium  is  converted  into  osmic  anhydride,  the  vapour  of 
which  is  carried  forward  by  the  current  of  air  and  condensed  in  bottles  provided 
to  receive  it.  The  osmic  anhydride  forms  colourless  prismatic  crystals  which  fuse 
and  volatilise  below  the  boiling  point  of  water,  yielding  a most  irritating  vapour 
resembling  chlorine.  It  is  very  soluble  in  water,  giving  a solution  which  exhales 
the  same  odour  and  stains  the  skin  black ; tincture  of  galls  gives  a blue  pre- 
cipitate with  the  solution.  Its  acid  properties  are  feeble,  for  it  neither  reddens 
litmus  nor  decomposes  the  carbonates,  and  its  salts  are  decomposed  by  boiling 
their  solutions.  By  adding  hydrosulphuric  acid  to  a solution  of  osmic  acid,  the 
osmium  tetrasulplude  (OsS4)  is  obtained  as  a black  precipitate,  and  if  this  be  care- 
fully dried  and  heated  in  a crucible  made  of  gas-carbon,  metallic  osmium  is  obtained 
as  a brittle  mass  (sp.  gr.  21.4),  which  is  not  fused  even  by  the  oxyhydrogen  blow- 
pipe, and  is  not  soluble  in  acids.  When  obtained  by  other  processes  in  a finely 
divided  state,  osmium  oxidises  even  at  the  ordinary  temperature,  and  emits  the 
odour  of  osmic  anhydride.  In  this  state,  also,  it  may  be  dissolved  by  nitric  acid, 
which  converts  it  into  osmic  acid. 

By  passing  a mixture  of  CO  and  vapour  of  OsO.,  through  a red-hot  porcelain 
tube,  amorphous  osmium  is  obtained,  and  may  be  converted  into  the  crystalline 
form  by  fusing  it  with  tin  and  dissolving  in  HC1,  when  blue  lustrous  cubical 
crystals  of  osmium  are  obtained,  which  scratch  glass  and  are  heavier  than  any 
other  body,  having  the  specific  gravity  22.48. 

By  dissolving  osmic  anhydride  in  potash  and  adding  alcohol,  the  latter  is 
oxidised  at  the  expense  of  the  potassium  osmiate,  and  rose-coloured  octahedral 
crystals  of  potassium  osmite  (K30s04.2Aq)  are  obtained;  the  osmious  acid  has  not 
been  isolated.  A monoxide  and  a dioxide  of  osmium  have  been  obtained. 

Osmium  appears  to  form  four  chlorides — dichloride  (OsCL,),  trichloride  (OsCl3), 
tetrachloride  (OsCl,),  and  hexachloride  (OsClfi).  The  dichloride  and  tetrachloride 
are  formed  by  the  direct  combination  of  chlorine  with  osmium ; the  former 
sublimes  in  green  needles,  which  yield  a blue  solution  in  water,  soon  absorbing 
oxygen  from  the  air  and  becoming  converted  into  tetrachloride.  By  heating  a 
mixture  of  pulverulent  osmium  with  potassium  chloride  in  a current  of  chlorine, 
a double  chloride  of  osmium  and  potassium  (2KC1.0sC14)  is  obtained,  which  is 
sparingly  soluble,  and  crystallises  in  octahedra  like  the  corresponding  salt  of 
platinum.  When  decomposed  with  silver  nitrate,  it  gives  a dark  green  precipitate 
(2AgC1.0sCl4). 

299.  Ruthenium  (Ru=  104.2).* — In  the  process  of  extracting  osmium  from  the 
residue  left  on  treating  the  platinum  ore  with  aqua  regia,  by  heating  in  a current 
of  air,  square  prismatic  crystals  of  ruthenium  dioxide  (RuO,)  are  deposited  nearer 
to  the  heated  portion  of  the  tube  than  the  osmic  anhydride,  for  the  dioxide  is  not 
itself  volatile,  being  only  carried  forward  mechanically.  When  ruthenium  dioxide 
is  heated  in  hydrogen,  metallic  ruthenium  is  obtained  as  a hard,  brittle,  almost 
infusible  metal,  which  is  scarcely  affected  even  by  aqua  regia.  The  monoxide  of 
ruthenium  (RuO)  is  a dark  grey  powder  insoluble  in  acids.  The  se-squioxide  (Ru203) 
and  the  dioxide  (RuO.,)  have  feebly  basic  properties.  The  sesquioxide  is  not 
decomposed  by  heat.  The  anhydrous  dioxide  is  a greenish-blue  powder.  Ruthenic 
anhydride  (Ru03)  is  known  only  in  combination  with  bases. 

300.  Iiupium  (Ir=  192.5),  named  from  Iris,  the  rainbow,  in  allusion  to  the  varied 
colours  of  its  compounds,  has  been  mentioned  above  as  occurring  in,  the  insoluble 
alloy  from  the  platinum  ores.  It  is  also  sometimes  found  separately,  and 
occasionally  alloyed  with  platinum,  the  alloy  crystallising  in  octahedra,  which 
are  even  heavier  than  platinum  (sp.  gr.  22.3).  If  the  insoluble  osmiridium  alloy 
left  by  aqua  regia  be  mixed  with  common  salt  and  heated  in  a current  of  chlorine, 
a mixture  of  the  sodio-clilorides  of  the  metals  is  obtained,  and  may  be  extracted 
by  boiling  water.  If  the  solution  be  evaporated  and  distilled  with  nitric  acid, 
the  osmium  is  distilled  off  as  osmic  acid,  and  by  adding  ammonium  chloride  to 
the  residual  solution,  the  iridium  is  precipitated  as  a dark  red-brown  ammonio- 
chloride,  2NH4Cl.IrCl4,  which  leaves  metallic  iridium  when  heated.  Like  platinum, 

A mineral  found  in  Borneo,  and  named  laurite,  contains  sulphides  of  ruthenium  and 
osmium.  It  forms  small  lustrous  granules. 
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it  then  forms  a grey  spongy  mass,  but  is  oxidised  when  heated  in  air,  and  may 
be  fused  with  the  oxyhydrogen  blowpipe  to  a hard  brittle  mass  (sp.  gr.  22.4), 
which  does  not  oxidise  in  air.  Like  rhodium,  it  is  not  attacked  by  aqua  regia, 
unless  alloyed  with  platinum.  The  product  of  the  oxidation  of  finely  divided 
iridium  is  air  in  the  sesquioxide  (Ir2Os),  which  is  a black  powder  used  for  imparting 
an  intense  black  to  porcelain  ; it  is  insoluble  in  acids.  The  monoxide  (IrO)  is  also 
more  easily  acted  upon  by  alkalies  than  by  acids  ; its  solution  in  potash  becomes 
blue  when  exposed  to  air,  from  the  formation  of  the  dioxide  (Ir02).  The  trioxide 
(Ir03)  is  green.  The  dichloride  (IrCI„)  and  tetrachloride  (IrCl4)  of  iridium  resemble 
the  corresponding  chlorides  of  platinum  in  forming  double  salts  with  the  alkaline 
chlorides.  There  is  also  a trichloride  (IrCl3),  the  solution  of  which  has  a green 
colour,  and  gives  a yellow  precipitate  with  mercurous  nitrate,  and  a blue  preci- 
pitate, soon  becoming  white,  with  silver  nitrate.  Iridium  resembles  palladium  in 
its  disposition  to  combine  with  carbon  when  heated  in  the  flame  of  a spirit-lamp. 

An  iridio-platinum  alloy  containing  from  1 5 to  20  per  cent,  of  iridium  has  been 
found  very  useful  for  making  standard  rules  and  weights,  on  account  of  its  inde- 
structibility, extreme  rigidity,  hardness,  and  high  density. 

The  following  table  exhibits  a general  view  of  the  analytical  process  by  which 
the  remarkable  metals  associated  in  the  ores  of  platinum  may  be  separated  from 
each  other,  omitting  the  minor  details  which  are  requisite  to  ensure  the  purity 
of  each  metal : — 


Analysis  of  the  Ore  of  Platinum. 

Boil  with  aqua  regia. 


Dissolved. 

Platinum,  Palladium,  Rhodium. 
Add  ammonium  chloride. 

Precipitated; 

Platinum 

as 

2NH4Cl.PtC!4. 

Solution  ; 

Neutralise  with  sodium  carbonate; 
add  mercuric  cyanide. 

Precipitated ; 
Palladium 
as  PdCy2. 

Solution; 
Evaporate  with 
hydrochloric  acid. 
Treat  with  alcohol. 
Insoluble. 
Rhodium 
as  3NaCl.RoCl3. 

Undissolved. 

Ikidium,  Osmium,  Ruthenium. 
Chrome  iron,  Titanic  iron,  &c. 

Heat  in  a current  of  dry  air. 


Volatilised; 
Osmium 
as  0s04. 


Carried 
forward  by 
the  current; 
Ruthenium 
as  Ru02. 


Residue; 

Mix  with  sodium 
chloride , and  heat  in  a 
current  of  chlorine. 
Treat  with  boiling  water. 


Dissolved. 
Iridium 
as  2NaCl.IrCl4. 


Residue ; 
Titanic  iron, 
Chrome  iron, 
&c. 


The  group  of  platinoid  metals  exhibits  some  very  remarkable  features,  and  it  is 
to  be  regretted  that  this  group  is  comparatively  imperfectly  known  in  consequence 
of  the  difficulty  and  expense  attendant  upon  the  purification  of  the  metals.  Its 
members  may  be  arranged  in  two  divisions,  the  metals  in  each  agreeing  closely  in 
their  atomic  weights  and  specific  gravities. 


Platinum 

Osmium 

Iridium 


Atomic  weight. 

197. 1 
200.0 
192.5 


Sp.  gr. 

21.5 

22.4 

22.4 


Palladium 

Rhodium 

Ruthenium 


Atomic  weight. 

105.7 

104.3 

104.2 


Sp.  gr. 

II-S 
11.4 
1 1.4. 


Through  osmium,  this  group  of  elements  is  connected  with  the  group  contain- 
ino-  antimony,  arsenic,  and  phosphorus,  which  osmium  resembles  in  the  facility 
with  which  it  is  oxidised,  and  in  the  volatility  of  the  oxide  formed.  Palladium 
connects  it  with  mercury  and  silver,  by  its  solubility  in  nitric  acid,  and  its  in- 
soluble cyanide  and  iodide.  . . 

301.  Davydm  (Da  =154)  is  a metal  which  has  been  found  m small  quantity 
in  the  ores  of  platinum.  It  is  a silvery  metal  which  dissolves  in  aqua  regia.  The 
double  chloride  of  davyum  and  sodium  is  nearly  insoluble  in  water  and  alcohol, 
which  distinguishes  davyum  from  the  other  platinum  metals.  Its  solutions  give 
a red  colour  with  potassium  sulphocyamde.  The  specific  gravity  of  the  metal  is 
about  9 4.  Davyum  sulphate,  obtained  by  heating  the  metal  with  sulphuric  acid, 
is  a yellowish  red  powder  nearly  insoluble  in  water.  The  sulphide  is  precipitated 
brown  by  H2S  in  acid  solutions.  It  dissolves  in  alkaline  sulphides. 


EXTRACTION  OF  GOLD. 


425 


GOLD. 

Au  = 196.8  parts  by  weight. 

302.  The  individuality  of  gold  among  metals  is  strongly  marked,  on 
account  of  its  colour,  its  high  specific  gravity,  19.3,  its  extreme  malle- 
ability and  ductility,  its  perfect  resistance  to  air,  its  high  conducting 
power  for  heat  and  electricity,  its  high  fusing  point,  1240°  C.,  its 
resistance  to  acids,  and  its  rarity  and  consequent  intrinsic  value. 
Gold  is  one  of  those  few  metals  which  are  always  found  in  the  metallic 
state,  and  is  remarkable  for  the  extent  to  which  it  is  distributed,  though 
in  small  quantities,  over  the  surface  of  the  earth.  The  principal  sup- 
plies of  this  metal  are  derived  from  Australia,  California,  Mexico, 
Brazil,  Peru,  and  the  Uralian  Mountains.  Small  quantities  have  been 
occasionally  met  with  in  our  own  islands,  particularly  at  Wicklow,  at 
Cader  Idris  in  Wales,  Leadhills  in  Scotland,  and  in  Cornwall. 

The  mode  of  the  occurrence  of  gold  in  the  mineral  kingdom  resembles 
that  of  the  ore  of  tin,  for  it  is  either  found  disseminated  in  the  primi- 
tive rocks,  or  in  alluvial  deposits  of  sand,  which  appear  to  have  been 
formed  by  the  disintegration  of  those  rocks  under  the  continued  action 
of  torrents.  In  the  former  case,  the  gold  is  often  found  crystallised  in 
cubes  and  octahedra,  or  in  forms  derived  from  these,  and  sometimes 
aggregated  together  in  dendritic  or  branch-like  forms.  In  the  alluvial 
deposits,  the  gold  is  usually  found  in  small  scales  (gold  dust),  but  some- 
times in  masses  of  considerable  size  (nuggets),  the  rounded  appearance 
of  which  indicates  that  they  have  been  subjected  to  attrition.  Austra- 
lian gold  is  the  purest,  especially  that  from  Victoria. 

The  extraction  of  the  particles  of  gold  from  the  alluvial  sands  is 
effected  by  taking  advantage  of  the  high  specific  gravity  of  the  metal 
{ 1 9-3)>  which  causes  it  to  remain  behind,  whilst  the  sand,  which  is  very 
much  lighter  (sp.  gr.  2.6),  is  carried  away  by  water.  This  washing  is 
commonly  performed  by  haxrd,  in  wooden  or  metal  bowls,  in  which  the 
sand  is  shaken  up  with  water,  and  the  lighter  portions  dexterously 
poured  off,  so  as  to  leave  the  grains  of  gold  at  the  bottom  of  the  vessel. 
On  a somewhat  larger  scale,  the  auriferous  sand  is  washed  in  a cradle 
or  inclined  wooden  trough,  furnished  with  rockers,  and  with  an  opening 
at  the  lower  end  for  the  escape  of  the  water.  The  sand  is  thrown  on  to 
a grating  at  the  head  of  the  cradle,  which  retains  the  large  pebbles, 
whilst  the  sand  and  gold  pass  through,  the  former  being  washed  away 
by  a stream  of  water  which  is  kept  flowing  through  the  trough. 

When  the  gold  is  disseminated  through  masses  of  quartz  or  other 
rock,  much  labour  is  expended  in  crushing  the  latter  before  the  gold 
ean  be  separated.  This  is  effected  either1  by  passing  the  coarse  frag- 
ments between  heavy  rollers  of  hard  cast-iron,  or  by  stamping  them, 
with  wooden  beams  shod  with  iron,  in  troughs  through  which  water  is 
continually  flowing. 

In  some  cases  it  is  found  advantageous  to  smelt  the  ore  by  fusing  it 
with  some  substance  capable  of  uniting  with  the  gold,  and  of  being 
afterwards  readily  separated  from  it.  Lead  is  peculiarly  adapted  for 
this  purpose ; the  crushed  ore,  being  mixed  with  a suitable  proportion, 
either  of  metallic  lead,  or  of  litharge  (oxide  of  lead)  and  charcoal,  or 
■even  of  galena  (sulphide  of  lead),  together  with  some  lime  and  oxide  of 
iron  or  clay,  to  flux  the  silica,  is  fused  on  the  hearth  of  a reverberatory 
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furnace,  when  the  fused  lead  dissolves  the  particles  of  gold,  and  collects 
beneath  the  lighter  slag.  The  lead  is  afterwards  separated  from  the  gold 
by  cupellation  (see  p.  390). 

In  smelting  the  ores  of  gold  in  Hungary,  the  metal  is  concentrated 
by  means  of  sulphide  of  iron.  The  ore  consists  of  quartz  and  iron  py- 
rites (disulphide  of  iron),  containing  a little  gold.  On  fusing  the  crushed 
ore  with  lime,  to  flux  the  quartz,  the  pyrites  loses  half  its  sulphur,  and 
becomes  ferrous  sulphide  (FeS),  which  fuses  and  sinks  below  the  slag, 
carrying  with  it  the  whole  of  the  gold.  If  this  product  be  roasted  so  as 
to  convert  the  iron  into  oxide,  and  be  then  again  fused  with  a fresh 
portion  of  the  ore,  the  oxide  of  iron  will  flux  the  quartz,  whilst  the  fresh 
portion  of  sulphide  of  iron  will  carry  down  the  whole  of  the  gold  con- 
tained in  both  quantities  of  ore.  This  operation  having  been  repeated 
until  the  sulphide  of  iron  is  rich  in  gold,  it  is  fused  with  a certain  quan- 
tity of  lead,  which  extracts  the  gold  and  falls  to  the  bottom.  The  lead 
is  then  cupelled  in  order  to  obtain  the  gold. 

When  the  ores  of  lead,  silver,  or  copper  contain  gold,  it  is  always  found 
to  have  accompanied  the  silver  extracted  from  them,  and  is  separated 
from  it  by  a process  to  be  presently  noticed. 

Gold  is  sometimes  separated  from  the  impurities  remaining  with  it 
after  extraction  by  washing,  by  the  process  of  amalgamation,  which 
consists  in  shaking  the  mixture  with  mercury  in  order  to  dissolve  the 
gold-dust,  and  straining  the  liquid  amalgam  through  chamois  leather, 
which  allows  the  excess  of  mercury  to  pass  through,  but  retains  the  solid 
portion  containing  the  gold,  from  which  the  mercury  is  then  separated 
by  distillation.* 

In  the  Tyrol,  this  process  is  adopted  for  separating  the  gold  from  an 
auriferous  iron  pyrites,  by  grinding  it  in  a mill  of  peculiar  construction, 
with  water  and  a little  mercury,  the  latter  being  allowed  to  act  upon 
successive  portions  of  ore  until  it  becomes  sufficiently  rich  to  be  strained 


and  distilled. 

Chlorine  water  is  sometimes  employed  to  extract  the  gold  by  convert- 
ing it  into  AuCl3,the  gold  being  afterwards  precipitated  from  the  solution 
by  adding  ferrous  sulphate. 

Gold,  as  found  in  nature,  is  generally  alloyed  with  variable  propor- 
tions of  silver  and  copper,  the  separation  of  which  is  the  object  of  the 
o-old  refiner.  It  may  be  effected  by  means  of  nitric  acid,  which  will 
dissolve  the  silver  and  copper,  provided  that  they  do  not  bear  too  small 
a proportion  to  the  gold.  Sulphuric  acid,  however,  being  very  much 
cheaper,  is  generally  employed.  The  alloy  is  fused  and  poured  into- 
water,  so  as  to  granulate  it  and  expose  a larger  surface  to  the  action  of 
the  acid;  it  is  then  boiled  with  concentrated  sulphuric  acid  (oil  of 
vitriol),  which  converts  the  silver  and  the  copper  into  sulphates,  with 
evolution  of  sulphurous  acid  gas,  whilst  the  gold  is  left  untouched.  In 
order  to  recover  the  silver  from  the  solution  of  the  sulphates  in  water, 
scraps  of  copper  are  introduced  into  it,  when  that  metal  decomposes- 
the  sulphate  of  silver,  producing  sulphate  of  copper  and  causing  the 
deposition  of  the  silver  in  the  metallic  state.  Finally,  the  sulphate  of 
copper  may  be  obtained  from  the  solution  by  evaporation  and  crystai- 


* A small  ciuantitv  of  sodium  dissolved  in  tho  mercury  lias  been  found  very  materially 
to  facilitate  the  amalgamation  of  gold  and  silver  ores,  apparently  because  ffie  amalgam 
sodium  is  more  highly  electro-positive  than  mercury,  in  relation  to  the  gold. 
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lisation.  This  process  is  so  effectual  when  the  proportion  of  gold  in  an 
alloy  is  very  small,  that  even  ^th  part  of  this  metal  may  be  profitably 
extracted  from  100  parts  of  an  alloy,  and  much  gold  has  been  obtained 
in  this  way  from  old  silver  plate,  coins,  &c.,  which  were  manufactured 
before  so  perfect  a process  for  the  separation  of  these  metals  was  known. 
On  boiling  old  silver  coins  or  ornaments  with  nitric  acid,  they  are  gene- 
rally found  to  yield  a minute  proportion  of  gold  in  the  form  of  a purple 
powder.  But  this  plan  of  separation  is  not  so  successful  when  the  alloy 
contains  a very  large  quantity  of  gold,  for  the  latter  metal  protects  the 
copper  and  silver  from  the  solvent  action  of  the  acid.  Thus,  if  the  alloy 
contains  more  than  -1th  of  its  weight  of  gold,  it  is  customary  to  fuse  it 
with  a quantity  of  silver,  so  as  to  reduce  the  proportion  of  gold  below 
that  point  before  boiling  it  with  the  acid.  Again,  if  the  alloy  contains  a 
large  quantity  of  copper,  it  is  found  expedient  to  remove  a great  deal  of 
this  metal  in  the  form  of  oxide  by  heating  the  alloy  in  a current  of  air. 

Gold  which  is  brittle  and  unfit  for  coining,  in  consequence  of  the  pre- 
sence of  small  quantities  of  foreign  metals,  is  sometimes  refined  by 
melting  it  with  oxide  of  copper  or  with  a mixture  of  nitre  and  borax, 
when  the  foreign  metals,  with  the  exception  of  silver,  are  oxidised  and 
dissolved  in  the  slag.  Another  process  consists  in  throwing  some  cor- 
rosive sublimate  (mercuric  chloride)  into  the  melting  pot,  and  stirring 
it  up  with  the  metal,  when  its  vapour  converts  the  metallic  impurities 
into  chlorides,  which  are  volatilised.  An  excellent  method,  devised  by 
F.  B.  Miller  of  Sydney,  consists  in  fusing  the  gold  with  a little  borax, 
and  passing  chlorine  gas  into  it  through  a clay  tube.  Antimony,  arsenic, 
&c.,  are  carried  off  as  chlorides,  whilst  the  silver,  also  converted  into 
chloride,  rises  to  the  surface  of  the  gold  in  a fused  state,  afterwards 
solidifying  into  a cake,  which  is  reduced  to  the  metallic  state  by  placing 
it  between  plates  of  wrought-iron  and  immersing  it  in  diluted  sulphuric 
acid. 

Pure  gold,  like  pure  silver,  is  too  soft  to  resist  the  wear  to  which  it  is 
subjected  in  its  ordinary  uses,  and  it  is  therefore  alloyed  for  coinage  in 
this  country  with  Tyth  of  its  weight  of  copper,  so  that  gold  coin  contains 
1 part  of  copper  and  1 1 parts  of  gold.  The  gold  used  for  articles  of 
jewellery  is  alloyed  with  variable  proportions  of  copper  and  silver.  The 
alloy  of  copper  and  gold  is  much  redder  than  pure  gold. 

The  English  sovereign  contains  91.67  per  cent,  of  gold  and  8.33  per 
cent,  of  copper.  Its  sp.  gr.  is  17.157,  and  its  weight  is  123.274  grains. 

The  Australian  sovereign  contains  silver  in  place  of  copper,  and  is 
lighter  in  colour  than  pure  gold. 

The  degree  of  purity  of  gold  is  generally  expressed  by  quoting  it  as  of 
so  many  carats  fine.  Thus,  pure  gold  is  said  to  be  24  carats  fine;  English 
standard  gold  2 2 carats  fine,  that  is,  contains  2 2 carats  of  gold  out  of  the 
24.  Gold  of  18  carats  fine  would  contain  18  parts  of  gold  out  of  the  24, 
or  fths  of  its  weight  of  gold.  The  other  legal  standards  are  15,  12,  and 
9 carat  gold.  The  fineness  sometimes  refers  to  the  quantity  of  gold  in 
1000  parts  of  the  alloy;  thus,  English  coin  has  a fineness  of  916.7, 
German  and  American  coin,  of  900. 

In  order  to  impart  to  gold  ornaments  the  appearance  of  pure  gold, 
they  are  heated  till  the  copper  in  the  outer  layer  is  oxidised,  and  then 
dipped  into  nitric  or  sulphuric  acid,  which  dissolves  the  copper  oxide 
and  leaves  a film  of  pure  gold. 
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Pure  gold  is  easily  prepared  from  standard  or  jeweller’s  gold,  by  dissolving  it 
in  hydrochloric  acid  mixed  with  one-fourth  of  its  volume  of  nitric  acid,  evapo- 
rating the  solution  to  a small  bulk  to  expel  excess  of  acid,  diluting  with  a con- 
siderable quantity  of  water,  filtering  from  the  separated  silver  chloride,  and 
adding  a solution  of  green  sulphate  of  iron,  when  the  gold  is  precipitated  as  a 
dark  purple-powder,  which  may  be  collected  on  a filter,  well  washed,  dried,  and 
fused  in  a small  French  clay  crucible  with  a little  borax,  the  crucible  having  been 
previously  dipped  in  a hot  saturated  solution  of  borax,  and  dried,  to  prevent 
adhesion  of  the  globules  of  gold.  The  action  of  the  ferrous  sulphate  upon  the 
trichloride  of  gold  is  explained  by  the  equation — 

2AuC13  + 6Fe2S04  = Au„  + Fe2Cl6  + 2Fe2(S04)3. 

The  gold  precipitated  by  ferrous  sulphate  appears,  under  the  microscope,  in 
cubical  crystals. 

By  employing  oxalic  acid  instead  of  ferrous  sulphate,  and  heating  the  solution, 
the  gold  is  precipitated  in  a spongy  state,  and  becomes  a coherent  lustrous  mass 
under  pressure.  The  metal  is  employed  in  this  form  by  dentists. 

When  standard  gold  is  being  dissolved  in  aqua  regia,  it  sometimes  becomes 
coated  with  a film  of  silver  chloride  which  stops  the  action  of  the  acid ; the 
liquid  must  then  be  poured  off,  the  metal  washed,  and  treated  with  ammonia, 
which  dissolves  the  silver  chloride  ; the  ammonia  must  then  be  washed  away 
before  the  metal  is  replaced  in  the  acid.  In  the  case  of  jeweller’s  gold,  it  is  ad- 
visable to  extract  as  much  silver  and  copper  as  possible  by  boiling  it  with  nitric 
acid,  before  attempting  to  dissolve  the  gold.  Gold  lace  should  be  incinerated  to 
get  rid  of  the  cotton  before  being  treated  with  acid. 

The  genuineness  of  gold  trinkets,  &c.,  is  generally  tested  by  touching  them 
with  nitric  acid,  which  attacks  them  if  they  contain  a very  considerable  propor- 
tion of  copper,  producing  a green  stain,  but  this  test  .is  evidently  useless  if  the 
surface  be  gilt.  The  weight  is,  of  course,  a good  criterion  in  practised  hands, 
but  even  these  have  been  deceived  by  bars  of  platinum  covered  with  gold.  The 
specific  gravity  may  be  taken  in  doubtful  cases  ; that  of  sovereign  gold  is  17. 157- 

In  assaying  gold,  the  metal  is  wrapped  in  a piece  of  thin  paper  together  with 
about  three  times  its  weight  of  pure  silver,  and  added  to  twelve  times  its  weight 
of  pure  lead  fused  in  a bone-ash  cupel  (see  page  39  0 placed  in  a muffle  (or  exposed 
to  a strong  oxidising  blowpipe  flame),  when  the  lead  and  copper  are  oxidised,  and 
the  fused  oxide  of  lead  dissolves  that  of  copper,  both  being  absorbed  by  the 
cupel.  When  the  metallic  button  no  longer  diminishes  in  size,  it  is  allowed  to 
cool,  hammered  into  a flat  disc  which  is  annealed  by  being  heated  to  redness,  and 
rolled  out  to  a thin  plate,  so  that  it  may  be  rolled  up  by  the  thumb  and  finger 
into  a cornette,  which  is  boiled  with  nitric  acid  (sp.  gr.  1. 18)  to  extract  the  silver  , 
the  remaining  gold  is  washed  with"  distilled  water,  and  boiled,  with  nitric  acid  of 
sp.  gr.  1.28,  to  extract  the  last  traces  of  silver,  after  which  it  is  again  washed, 

heated  to  redness  in  a small  crucible,  and  weighed.  _ _ 

The  stronger  nitric  acid  could  not  be  used  at  first,  since  it  would  be  likely  to 
break  the  cornette  into  fragments  which  could  not  be  so  readily  washed  without 
loss.  The  addition  of  the  three  parts  of  silver  (quart  at  ion)  is  made  in  order  to 
divide  the  alloy,  and  permit  the  easy  extraction  of  the  silver  by  nitric  acid,  which 
cannot  be  effected  when  the  gold  predominates. 

303.  The  physical  characters  of  gold  render  it  very  conspicuous  among 
the  metals;  it  is  the  heaviest  of  the  metals  in  common  use,  with  the 
exception  of  platinum,  its  specific  gravity  being  19.3.  In  malle- 
ability and  ductility  it  surpasses  all  other  metals  ; the  former  property 
is  turned  to  advantage  for  the  manufacture  of  gold  leaf,  for  which  pur- 
pose a bar  of  gold,  containing  96.25  per  cent,  of  gold,  2.5  per  cent,  of 
silver,  and  1.25  per  cent,  of  copper  is  passed  between  rollers  winch 
extend  it  into  the  form  of  a riband ; this  is  cut  up  into  squares,  which 
are  packed  between  layers  of  fine  vellum,  and  beaten  with  a heavy 
hammer:  these  thinner  squares  are  then  again  cut  up  and  beaten 
between  layers  of  gold-beater’s  skin  until  they  are  sufficiently  thin 
An  ounce  of  gold  may  thus  be  spread  over  100  square  feet;  282,000  ot 
such  leaves  placed  upon  each  other  form  a pile  of  only  1 inch  high. 
These  leaves  will  allow  light  to  pass  through  them,  an<  a vajs 
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appear  green  or  blue  when  held  up  to  the  light,  though  they  exhibit 
the  ordinary  colour  of  gold  by  reflected  light.  If  a gold  leaf  adhering 
to  a glass  plate  be  heated  to  nearly  the  boiling  point  of  oil  for  some 
time,  it  becomes  nearly  transparent  and  invisible  by  transmitted  light, 
though  still  showing  the  colour  of  gold  by  reflected  light;  if  it  be 
pressed  with  a moderately  hard  body,  it  again  transmits  a green  light. 
When  gold  wire  or  leaf  is  deflagrated  by  electricity  on  a glass  plate,  the 
finely  divided  metal  transmits  ruby,  violet,  and  green  light,  accoi’ding 
to  its  thickness,  though  it  has  the  golden  colour  by  reflected  light.  On 
heating  these  deposits  to  dull  redness  on  the  glass,  they  all  change  to 
the  ruby  colour  while  still  golden  by  reflection.  Pressure  with  a hard 
body  changes  the  colour  of  the  transmitted  light  from  red  to  gi’een. 
A solution  of  gold  trichloride,  containing  0.6  giain  of  gold  in  a quart, 
if  shaken  with  a little  solution  of  phosphorus  in  ether,  in  a chemically 
clean  bottle,  gives  a ruby-red  liquid  in  which  the  reflected  colour  of 
gold  may  be  seen  by  bringing  the  solar  rays  to  a focus  in  the  liquid  by 
a convex  lens.  This  liquid  will  continue  to  deposit  fine  pai’ticles  of 
gold  for  many  months.  The  first  deposits  are  blue  by  transmitted 
light,  and  the  last  are  ruby.  The  supernatant  liquid  is  eventually  colour- 
less. If  a little  sodium  chloride  be  added  to  the  ruby  liquid,  it  ti'ans- 
mits  a blue  light,  and  the  gold  which  has  remained  suspended  for  six 
months  may  be  deposited  in  a few  hours.  By  using  a filter  arranged 
so  that  the  liquid  is  passed  through  the  paper  in  a radial  instead  of  axx 
axial  direction  as  is  usual,  the  particles  of  gold,  which  pass  through  in 
ordinary  axial  filtration,  may  be  collected  on  the  paper,  having  the 
various  colours,  and  leaving  the  liquid  colourless.  These  colouis  of 
finely  divided  gold  are  taken  advantage  of  in  paiixting  upon  poi-celain, 
and  the  well-known  magnificent  ruby-red  glass  owes  its  colour  to  the 
same  cause.  T^uth  of  a grain  of  gold  is  capable  of  imparting  a deep 
rose  colour  to  a cubic  inch  of  fluid. 

The  extreme  ductility  of  gold  is  exemplified  in  the  manufacture  of 
gold  thread  for  embroideiy,  in  which  a cylinder  of  silver  having  been 
covered  with  gold  leaf,  it  is  drawn  through  a wire-drawing  plate  and 
reduced  to  the  thinness  of  a hair;  in  this  way  6 ounces  of  gold  are 
drawn  into  a cylinder  two  hundred  miles  in  length.  Although  fusing 
at  somewhat  above  the  melting  point  of  copper,  gold  is  seldom  cast,  on 
accoxmt  of  its  great  conti'action  during  solidification. 

Gold  is  not  even  affected  to  the  same  extent  as  silver  by  exposure  to 
the  atmosphere,  for  sulphuretted  hydrogen  has  no  action  upon  it,  and 
hence  no  metal  is  so  well  adapted  for  coating  surfaces  which  are  inquired 
to  preserve  their  lustre. 

The  gold  is  sometimes  applied  to  the  surfaces  of  metals  in  the  form 
of  an  amalgam,  the  mercuiy  being  afterwards  driven  off  by  heat. 
Metals  may  also  be  gilt  by  means  of  a boiling  solution  prepared  by  dis- 
solving gold  in  aqua  regia,  and  adding  an  excess  of  bicarbonate  of 
potash  or  of  soda.  But  the  most  elegant  process  of  gilding  is  that  of 
electro-gilding,  in  which  the  object  to  be  gilt  is  connected  by  a wire 
with  the  zinc  end  of  the  galvanic  battery,  and  immersed  in  a solution 
of  cyanide  of  gold  in  cyanide  of  potassium,  in  which  is  also  placed  a 
gold  plate  connected  with  the  copper  end  of  the  battery,  and  intended 
by  gradually  dissolving,  to  replace  the  gold  abstracted  from  the  solution 
at  the  negative  pole. 
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A gold  crucible  is  very  useful  in  the  laboratory  for  effecting  the  fusion 
of  substances  with  caustic  alkalies,  which  would  corrode  a platinum 
crucible.  The  only  single  acid  which  attacks  gold  is  selenic,  II,Se04, 
which  the  gold  reduces  to  selenious  acid,  H,Se03.  A mixture  of  hydro- 
chloric with  one-third  of  its  volume  of  nitric  acid  is  usually  employed 
for  dissolving  gold.  It  is  also  dissolved  by  a mixture  of  sulphuric  acid 
with  a little  nitric,  the  latter  becoming  reduced  to  nitrous  acid,  which 
precipitates  the  gold  again  in  the  metallic  state  on  pouring  the  solution 
into  a large  volume  of  water. 

Fused  caustic  alkalies  are  not  without  action  on  gold,  but  they  attack 
platinum  more  strongly. 

304.  Oxides  of  gold. — Two  compounds  of  gold  with  oxygen  have 
been  obtained,  Au,0  and  Au203,  but  neither  of  them  is  of  any  great 
practical  importance. 

Aurous  oxide,  Au,0,  obtained  by  decomposing  aurous  chloride  with  potash,  is 
a violet  coloured  powder  which  is  decomposed  by  hydrochloric  acid — 


3Au,0  + 6HC1  = 2AuC13  + 3H20  + Au4. 

Auric  oxide,  Au,0.„  is  obtained  by  gently  heating  auric  hydrate,  Au(HO)3.  This 
is  prepared  by  heating  a weak  solution  of  auric  chloride  with  excess  of  potash, 
and  adding  sodium  sulphate,  when  auric  hydrate  is  precipitated,  of  a brown 
colour  like  ferric  hydrate.  It  is  very  unstable,  evolving  oxygen  when  exposed  to 
light.  Nitric  acid  dissolves  it,  and  it  is  reprecipitated  by  water.  It  dissolves  in 
potash,  and  the  solution  yields  crystals  of  potassium  aurate,  KAu02.3Aq. 

When  precipitated  gold  is  acted  on  by  chlorine  gas,  it  yields  auroso- 
auric  chloride , AuC1.AuC13,  a dark  red  hard  substance  decomposed 
by  water  into  AuCl  and  AuC13,  or  auric  chloride , . which  may  also  be 
obtained  by  dissolving  gold  in  hydrochloric  acid  with  one-fourth  of  its 
volume  of  nitric  acid,  and  evaporating  on  a water  bath  to  a small  bulk ; 
on  cooling,  yellow  prismatic  crystals  of  a compound  of  the  trichloride 
with  hydrochloric  acid  (AuCl3.HCl.4Aq)  are  deposited,  from  which  the 
hydrochloric  acid  may  be  expelled  by  a gentle  heat  (not  exceeding 
1200  C.),  when  the  trichloride  forms  red-brown  deliquescent  crystals 
of  AuCl3.2Aq,  dissolving  very  readily  in  water,  giving  a bright  yellow 
solution  which  stains  the  skin  and  other  organic  matter  purple  when 
exposed  to  light,  depositing  finely  divided  gold.  Almost  every  sub- 
stance capable  of  combining  with  oxygen  reduces  the  gold  to  the  metallic 
state.  The  inside  of  a perfectly  clean  flask  or  tube  may  be  covered 
with  a film  of  metallic  gold  by  a dilute  solution  of  the  trichloride  mixed 
with  citric  acid  and  ammonia,  and  gently  heated.  The  facility  with 
which  it  deposits  metallic  gold,  and  the  resistance  of  the  deposited 
metal  to  atmospheric  action,  has  rendered  trichloride  of  gold  very  useful 
in  photography.  Alcohol  and  ether  readily  dissolve  the  trichloride,  the 
latter  being  able  to  extract  it  from  its  aqueous  solution.  Bed  crystals 
of  trichloride  of  gold  are  sublimed  when  thin  gold  foil  is  gently  heated 
in  a current  of  chlorine.  Trichloride  of  gold  (like  platmic  chloride) 
forms  crystallisable  compounds  with  the  alkaline  chlorides  and  with  the 
hydrochlorates  of  organic  bases,  and  affords  great  help  to  the  chemist 
in  definin'*-  these  last.  Aurochloride  of  sodium  forms  reddish-yellow 
prismatic  crystals  (NaCl.AuCl3.2Aq),  which  are  sometimes  sold  for 

o>'  ««*»»  <A"C1).  is  obtained  by  gently 

heating  the  trichloride,  when  it  fuses  and  is  decomposed  at  177  O., 

leaving  the  protochloride,  which  is  reduced  to  metallic  gold  at  about 
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205 0 C.  Aurous  chloride  is  sparingly  soluble  in  water,  and  of  a pale 
yellow  colour.  Boiling  water  decomposes  it  into  metallic  gold  and  the 
trichloride. 

Fulminating  gold  is  obtained  as  a buff  precipitate  when  ammonia  is 
added  to  solution  of  auric  chloride ; its  composition  is  not  well  estab- 
lished, but  appears  to  be  Au„03.4NH3  or  2(NH3.NAu/").3HaO.  It 
explodes  violently  when  gently  heated. 

The  Sel  d’or  of  the  photographer  is  a hyposulphite  (thiosulphate)  of 
gold  and  sodium,  Au2S2Or  3 N 'asS203.4 Aq,  which  is  obtained  in  fine  white 
needles  by  pouring  a solution  of  1 part  of  auric  chloride  into  a solution 
of  3 parts  of  sodium  hyposulphite,  and  adding  alcohol,  in  which  the 
double  salt  is  insoluble.  Its  formation  may  be  explained  by  the  equa- 
tion 8Na2S3Os  + 2AuC13  = Au2S203.3Na„S203  + 6NaCl  + 2Na2S406.  It  is 
doubtful  whether  the  above  formula  represents  the  true  constitution  of 
this  salt,  for  it  is  not  decomposed  by  acids  in  the  same  manner  as  ordi- 
nary thiosulphates.*  Nitric  acid  causes  the  whole  of  the  gold  to  separate 
in  the  metallic  state. 

Purple  of  Cassius,  which  is  employed  for  imparting  a rich  red  colour 
to  glass  and  porcelain,  is  a compound  of  gold,  tin,  and  oxygen,  which  are 
believed  to  be  grouped  according  to  the  formula  Au2Sn0s.Sn.Sn03.4Aq.t 
It  may  be  prepared  by  adding  stannous  chloride  to  a mixture  of  stannic 
chloride  and  auric  chloride ; 7 parts  of  gold  are  dissolved  in  aqua  regia 
and  mixed  with  2 parts  of  tin  also  dissolved  in  aqua  regia  ; this  solu- 
tion is  largely  diluted  with  water,  and  a weak  solution  of  1 part  of  tin 
in  hydrochloric  acid  is  added,  drop  by  drop,  till  a fine  purple  colour  is 
produced.  The  purple  of  Cassius  remains  suspended  in  water  in  a very 
fine  state  of  division,  but  subsides  gradually,  especially  if  some  saline 
solution  be  added,  as  a purple  powder.  The  fresh  precipitate  dissolves 
in  ammonia,  but  the  purple  solution  is  decomposed  by  exposure  to  light, 
becoming  blue,  and  finally  colourless,  metallic  gold  being  precipitated, 
and  stannic  oxide  left  in  solution. 

The  sulphides  of  gold  are  not  thoroughly  known.  Gold  does  not 
combine  directly  with  sulphur,  but  if  it  be  heated  with  sulphur  and  alka- 
line sulphides,  it  forms  soluble  compounds.  In  this  way,  sodium  aurosul- 
pliide,  NaAuS.qAq,  may  be  obtained  in  colourless  prisms  soluble  in 
alcohol.  When  H,S  is  passed  into  solution  of  AuC13,  a black  precipitate 
of  Au„S.Au2S3  or  Au2S2  is  obtained ; 2AuC13  + 3H2S  = Au2S2  + S + 6ITC1. 
The  precipitate  is  soluble  in  alkaline  sulphides.  The  precipitated  sul- 
phide of  gold  is  not  dissolved  by  the  acids,  with  the  exception  of  aqua 
regia.  Nitric  acid  oxidises  the  sulphur,  leaving  metallic  gold.  When 
hydrosulphuric  acid  is  added  to  a boiling  solution  of  auric  chloride,  the 
metal  itself  is  precipitated — 

8AuC13  + 3I-LS  + 12ELO  = Ana  + 24HCI  + 3H2S04. 

A yellowish-grey  brittle  arsenide  of  gold  (AuAs2)  has  been  found  in 
quartz  in  Australia. 

It  appears  to  be  sodium  aurothiosulphate,  Na,  AuS,0r,.2Aq.  which  is  supported  by  the 
preparation  of  a corresponding  barium  salt  and  by  decomposing  this  with  sulphuric  acid 
when  aurothwsulphuric  acid , H3AuS*Oc,  is  obtained. 

t Debray  asserts  that  it  is  merely  a mixture  of  precipitated  gold  and  stannic  hydrate. 
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DETERMINATION  OF  ATOMIC  WEIGHTS. 

304ft.  Since  the  numbers  affixed  to  the  elements,  as  representing 
their  relative  atomic  weights  are  of  the  first  importance,  it  may  be  well 
to  conclude  the  history  of  individual  elements  with  a brief  review  of  the 
considerations  by  which  their  atomic  weights  have  been  fixed  at  their 
present  values. 

( 1 ) The  atomic  weight  of  IT  is  1 , because  it  is  taken  as  the  standard 
by  common  agreement  among  chemists. 

(2)  Those  elements  which  can  be  measured  in  the  state  of  gas  have 
for  their  atomic  weight  that  quantity  (in  grammes)  which,  in  the  state 
of  gas,  occupies  the  same  volume  as  1 gramme  of  hydrogen  at  the  same 
temperature  and  pressure.  This  fixes  the  atomic  weights  of  0,  N,  01, 
Br,  I,  S,  Se,  K. 

(3)  Those  elements  which  form  compounds  capable  of  being  measured 
in  the  state  of  gas  have,  for  their  atomic  weight,  the  smallest  weight 
(in  grammes)  of  the  element  which  can  be  found  in  22.32  litres  of  any 
of  their  gaseous  compounds,  at  o°  0.  and  760  mm.  Bar.  This  fixes  the 
atomic  weights  of  Sb,  As,  Bi,  B,  C,  F,  Hg,  P,  Si,  and  Sn,  and  confirms 
those  of  0,  N,  Cl,  Br,  I,  S,  and  Se,  fixed  by  consideration  2. 

(4)  Those  elements  whose  specific  heats  in  the  solid  state  can  be 
determined,  have  for  them  atomic  weight  that  number  which  is  obtained 
by  dividing  6.4  by  the  specific  heat.  This  fixes  the  atomic  weights  of 
nearly  all  the  solid  elements,  and  is  of  especial  value  in  the  following 
cases,  which  could  not  be  decided  by  the  other  methods : — Al,  Cd,  Co, 
Cu,  Au,  Fe,  Pb,  Mg,  Mn,  Hg,  Ni,  P,  Pt,  Ag,  Na,  Zn. 

(The  specific  heat  is  the  quantity  of  heat  required  to  raise  one  part  by 
weight  of  any  body  through  1°  in  temperature.  The  atomic  heats  are 
the  quantities  of  heat  required  to  raise  the  atomic  weights  of  bodies 
through  i°.) 

The  atomic  heats  of  the  solid  elements  are  all  expressed  by  the  same 
number,  viz.,  6.4.  Hence,  if  this  number  be  divided  by  the  specific 
heat,  the  quotient  will  be  the  atomic  weight.  Experimentally,  the 
atomic  weight  may  be  determined  by  ascertaining  what  weight  of  the 
substance  contains  the  same  amount  of  heat  as  is  contained  in  108  parts 
by  weight  of  silver  at  the  same  temperature. 

(5)  The  atomic  weight  of  an  element  is  generally  a multiple  of  its 
equivalent  weight  by  1,  2,  3,  or  4;  the  equivalent  weight  being  that 
which  is  found  by  experiment  to  be  exchangeable  for  1 gramme  of 
hydrogen. 

(6)  When  any  doubt  remains,  the  chemical  analogies  of  the  element 
with  some  other  element  of  known  atomic  weight  are  taken  into  con- 
sideration. 


OX  SOME  OF  THE 


USEFUL  APPLICATIONS  OF  CHEMICAL  PRINCIPLES 
NOT  HITHERTO  MENTIONED. 


CHEMICAL  PRINCIPLES  OF  THE  MANUFACTURE 

OF  GLASS. 


305.  Glass  is  defined  chemically  to  be  a mixture  of  two  or  more  sili- 
cates, one  of  which  is  a silicate  of  an  alkali-metal,  the  other  being  a 
silicate  of  calcium,  barium,  iron,  lead,  or  zinc. 

If  silica  be  fused  with  an  equal  weight  of  carbonate  of  potassium  or 
sodium,  a transparent  glassy  mass  is  obtained,  but  this  is  slowly  dissolved 
by  water,  and  would  therefore  be  incapable  of  resisting  the  action  of  the 
weather ; if  a small  proportion  of  lime  or  baryta,  or  of  the  oxides  of  iron, 
lead,  or  zinc,  be  added,  the  glass  becomes  far  less  easily  affected  by  atmo- 
spheric influences. 


The  most  valuable  property  of  glass,  after  its  transparency  and  per- 
manence, is  that  of  assuming  a viscid  or  plastic  consistency  when  fused 
which  allows  it  to  be  so  easily  fashioned  into  the  various  shapes  required 
for  use  or  ornament. 

The  composition  of  glass  is  varied  according  to  the  particular  purpose 
for  which  it  is  intended,  the  materials  selected  being  fused  in  large  clay 
crucibles  placed  in  reverberatory  furnaces,  and  heated  by  a coal  fire  or  in 
a gas-furnace. 

Ordinary  window  glass  is  essentially  composed  of  sodium  silicate  and 
calcium  silicate,  containing  one  molecule  (13.3  per  cent.)  of  soda,  one 
molecule  (12.9  per  cent.)  of  lime,  and  five  molecules  (69.1  per  cent.)  of 
silica ; it  also  usually  contains  a little  alumina.  This  variety  of  glass 
is  manufactured  by  fusing  100  parts  of  sand  with  about  35  parts  of  chalk 
35  P^rts  of  soda-ash  : a considerable  quantity  of  broken  window  glass 
is  always  fused  up  at  the  same  time.  Of  course,  carbonic  acid  gas  is 
expelled  from  the  chalk  and  the  sodium  carbonate  in  the  gaseous  state ; 
and  in  order  that  this  may  not  cause  the  contents  of  the  crucible  to  froth 
o\ei  during  the  fusion,  the  materials  are  first  fritted  together,  as  it  is 
termed,  at  a temperature  insufficient  to  liquefy  them,  when  the  carbonic 
acici  gas  is  evolved  gradually,  and  the  fusion  afterwards  takes  place 
without  effervescence. 

Occasionally,  sodium  sulphate  is  employed  instead  of  the  carbonate 
mien  it  is  usual  to  add  a small  proportion  of  charcoal  in  order  to  facili- 
tate the  decomposition  of  the  sulphate  by  removing  part  of  its  oxygen 
(Na,S04  + SiO,  + C = Na2Si03  + S02  + CO).  Before  the  glass  is  worked 
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into  sheets,  it  is  allowed  to  remain  at  rest  for  some  time  m the  fused 
state,  so  that  the  air-bubbles  may  escape,  and  the  glass-gall  or  scum  (con- 
sisting chiefly  of  sodium  sulphate  and  sodium  chloride),  which  rises  to 

the  surface,  is  removed. 

Plate  glass  is  also  chiefly  a silicate  of  sodium  and  calcium,  but  it  con- 
tains, in  addition,  a considerable  quantity  of  silicate  of  potassium  (74 
per  cent,  of  Si02,  12  of  Na20,  5.5  of  K,0,  and  5.5  of  CaO).  The  purest 
white  sand  is  selected,  and  great  care  is  taken  to  exclude  impurities. 

Crown  glass,  used  for  optical  purposes,  contains  no  sodium,  since  that 
metal  has  the  property  of  imparting  a greenish  tint  to  glass,  which  is 
not  the  case  with  potassium.  This  variety  of  glass,  therefore,  is  pre- 
pared by  fusing  sand  with  potassium  carbonate  and  chalk  m such  pro- 
portions that  the  glass  may  contain  1 molecule  ( 22  per  cent  ) o . , 

1 molecule  (12.5  per  cent.)  of  CaO,  and  4 molecules (62  per  cent.)  of  feiO  . 

The  glass  of  which  wine  bottles  are  made  is  of  a much  cheaper  and 
commoner  description,  consisting  chiefly  of  calcium  silicate,  but  con- 
taining, in  addition,  small  quantities  of  the  silicates  of  sodium  of  alu- 
minium, and  of  iron,  to  the  last  of  which  it  owes  its  dark  colour.  _ It 
is  made  of  the  coarsest  materials,  such  as  common  red  sand  (containing 
iron  and  alumina),  soap-maker’s  waste  (containing  lime  and  small  quan- 
tities of  alkali),  refuse  lime  from  the  gas-works,  clay,  and  a veiy  smal 

PT"  used  for  table  glass  and  for  ornamental  pur- 

poses, is  a double  silicate  of  potassium  and  lead  containing  one  mdemde 
(12  67  per  cent.)  of  K20,  one  molecule  (33.28  per  cent  ) of  PbO,  and 
six  molecules  (51.93  per  cent.)  of  Si02.  It  is  prepared  by  fusing  300 
parts  of  the  purest  white  sand  with  200  parts  of  minium  (red  oxide _ 0 
lead),  100  parts  of  refined  pearl-ash,  and  30  parts  of  nitre.  The  fusioi 
is  effected  in  crucibles  covered  111  at  the  top  to  prevent  the  access  of  t 
flame  which  would  reduce  a portion  of  the  lead  to  the  metallic  state. 
The  nitre  is  added  in  order  to  oxidise  any  accidental  impurities  which 

might  reduce  the  lead.  • . . f , -l 

The  presence  of  the  lead  in  glass  very  much  increases  its  fusibility, 

and  renders  it  much  softer,  so  that  it  may  be  more  easily  cut  into  orna- 
mental forms ; it  also  greatly  increases  its  lustre  and  beauty. 

Barium  has  also  the  effect  of  increasing  the  fusibility  of  glass,  an. 
-inc  X lead,  increases  its  brilliancy  and  refrac ting  power,  on  which 
account  it  is  employed  in  some  kinds  of  glass  for  optical  purposes. 
of  this  description  is  also  made  by  substituting  boric  oxide  tor  a portion 

0f  Some1  varieties  of  glass,  if  heated  nearly  to  their  melting  point  and 


the  glass  vessel  to  its  softening 


transparent  condition 

and  cooling  it 

point  immeismg  t ( increases  its  specific  gravity,  and 

SeXtS ’britt‘e  externally,  but  puts  the  inner  portion  in  a state  of 

£»£  property  of  dis- 
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solving  many  metallic  oxides  with  production  of  peculiar  colours.  It  lias 
been  mentioned  above  that  bottle  glass  owes  its  green  colour  to  the  pre- 
sence of  iron ; and  since  this  metal  is  generally  found  in  small  quantity 
in  sand,  and  even  in  chalk,  it  occasionally  happens  that  a glass  which  is 
required  to  be  perfectly  colourless  turns  out  to  have  a slight  green  tinge. 
In  order  to  remove  this,  a small  quantity  of  some  oxidising  agent  is 
usually  added,  in  order  to  convert  the  ferrous  oxide  into  ferric  oxide, 
which  does  not  impart  any  colour  when  present  in  minute  proportion. 
A little  nitre  is  sometimes  added  for  this  purpose,  or  some  white 
arsenic,  which  yields  its  oxygen  to  the  ferrous  oxide,  and  escapes  in 
the  form  of  vapour  of  arsenic ; red  oxide  of  lead  (PlqOJ  may  also  be 
employed,  and  is  reduced  to  oxide  of  lead  (PbO),  which  remains  in  the 
glass.  Manganese  dioxide  is  often  added  as  an  oxidising  agent,  being 
reduced  to  the  state  of  manganous  oxide  (MnO),  which  does  not  colour 
the  glass ; but  care  is  then  taken  not  to  add  too  much  of  the  dioxide,  for 
a very  minute  quantity  of  this  substance  imparts  a beautiful  amethyst 
purple  colour  to  glass. 

Suboxide  of  copper  is  used  to  produce  a red  glass,  and  the  finest  ruby 
glass  is  obtained,  as  already  mentioned  at  page  429,  by  the  addition  of 
•a  little  gold.  The  oxides  of  antimony  impart  a yellow  colour  to  glass ; 
a peculiar  brown-yellow  shade  is  given  by  charcoal  in  a fine  state  of 
division,  and  sesquioxide  of  uranium  produces  a fine  greenish-yellow 
glass.  Green  glass  is  coloured  either  by  oxide  of  copper  or  sesquioxide 
of  chromium,  whilst  oxide  of  cobalt  gives  a magnificent  blue  colour. 
Por  black  glass  a mixture  of  the  oxides  of  cobalt  and  manganese  is  em- 
ployed. The  white  enamel  glass  is  a flint  glass,  containing  about  10  per 
cent,  of  binoxide  of  tin.  Bone-ash  is  also  used  to  impart  this  appearance 
to  glass.  The  iriscition  of  glass,  giving  it  the  tints  of  mother-of-pearl,  is 
effected  by  corroding  its  surface  with  hydrochloric  acid  of  15  per  cent, 
strength,  under  heat  and  pressure. 

Kryolite  is  employed  in  making  opal-glass  containing  64  per  cent,  of 
silica,  1 7 of  alumina,  1 6 of  lead  oxide,  and  3 of  potash. 

CHEMISTRY  OF  THE  MANUFACTURE  OF  POTTERY 

AND  PORCELAIN. 

306.  The  manufacture  of  pottery  obviously  belongs  to  an  earlier 
period  of  civilisation  than  that  of  glass,  since  the  raw  material,  clay, 
would  at  once  suggest,  by  its  plastic  propei’ties,  the  possibility  of  work- 
ing it  into  useful  vessels,  and  the  application  of  heat  would  naturally 
be  had  recourse  to  in  order  to  dry  and  harden  it.  Indeed,  at  the  first 
glance,  it  would  appear  that  this  manufacture,  unlike  that  of  glass,  did 
not  involve  the  application  of  chemical  principles,  but  consisted  simply 
in  fashioning  the  clay  by  mere  mechanical  dexterity  into  the  required 
form.  It  is  found,  however,  at  the  outset,  that  the  name  of  clay  is 
applied  to  a large  class  of  minerals,  differing  very  considerably  in  com- 
position, and  possessing  in  common  the  two  characteristic  features  of 
plasticity  and  a predominance  of  aluminium  silicate. 

It  has  already  been  stated  (page  298)  that  kaolin  is  a hydrated  alu- 
minium silicate,  and  it  is  from  this  material  that  the  best  variety  of 
porcelain  is  made.  This  clay  is  eminently  plastic,  and  can  therefore  be 
readily  moulded,  but  when  baked  it  shrinks  very  much,  so  that  the 
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vessels  made  from.'  it  lose  their  shape  and  often  crack  in  the  kiln.  In 
order  to  prevent  this,  the  clay  is  mixed  with  a certain  proportion  of 
sand,  chalk,  bone-asli,  or  heavy-spar ; but  another  difficulty  is  thus  in- 
troduced, for  these  substances  diminish  the  tenacity  of  the  clay,  and 
would  thus  render  the  vessels  brittle.  A further  addition  must  there- 
fore be  made  of  some  substance  which  fuses  at  the  temperature  employed 
in  baking  the  ware,  and  thus  serves  as  a cement  to  bind  the  unfusecl 
particles  of  clay,  &c.',  into  a compact  mass.  Felspar  (silicate  of  alumi- 
nium and  potassium)  answers  this  purpose ; or  carbonate  of  potassium 
or  of  sodium  is  sometimes  added,  to  convert  a portion  of  the  silica  in  o 
a fusible  alkaline  silicate.  With  a mixture  of  clay  with  sand  and  fel- 
spar (or  some  substitutes),  a vessel  may  be  moulded  which  will  preserve 
its  shape  and  tenacity  when  baked,  but  it  will  be  easily  pervious  to 
water,  and  thus  quite  unfit  for  ordinary  use.  It  has,  therefore,  to  be 
waterproofed  by  the  application  of  some  easily  fusible  material,  which 
shall  either  form  a glaze  over  the  surface,  or  shall  become  incorporated 
with  the  body  of  the  ware,  and  the  vessel  is  then  fit  for  all  its  uses. 
Handles  and  ornaments  in  relief  are  moulded  separately,  and  fixed  on 
the  ware  before  baking,  and  coloured  designs  are  transferred  from  paper 
to  the  porous  ware  before  glazing. 

The  manufacture  of  Sevres  porcelain  is  one  of  the  most  perfect  ex- 
amples of  this  art.  The  purest  materials  are  selected  in  the  following- 
proportions  Kaolin  (porcelain  clay),  62  parts;  chalk,  4 parts  sane, 

1 7 parts  ; felspar,  17  parts.  These  materials  are  ground  up  with  watei 
before  being  mixed,  and  the  coarser  particles  are  allowed  to  subside, 
the  creamy  fluids  containing  the  finer  particles  m suspension  are  then 
mixed  in  the  proper  proportions,  and  allow-ed  to  settle,  the  pas 
deposited  at  the  bottom  is  drained,  thoroughly  kneaded,  and  stoiec 
away  for  some  months  in  a damp  place,  by  which  its  texture  is  con- 
siderably improved,  and  any  organic  matter  wffiich  it  contains  becomes 
oxidised^nd1  removed,  the  oxidation  being  effected  partly  by  the  sul- 
phates present,  which  become  reduced  to  sulphides.  It  is  then  moulde 
into  the  required  forms,  and  dried  by  simple  exposure  to  the  air.  The 
vessels  are  packed  in  cylindrical  cases  of  a very  refractory  clay,  which 
Ire  arranged  in  a furnlce  or  kiln  of  peculiar  construction,  and  very 
gradually  but  strongly  heated  by  the  flame  of  a ^ood  fire  V ien 
sufficiently  baked,  the  biscuit  porcelain  has  to  be  glazed,  and  great  ca  e 
is  taken  that  the  glaze  may  possess  the  same  bytoat ^ 

the  ware  itself,  for  otherwise  it  would  crack  in  all  dnections  as 
Hazed  ware  cooled.  The  glaze  employed  at  Sevres  is  a mixture  oife  - 

fnar  and  quartz  very  finely  ground,  and  suspended  m water,  to  which 

a^little^vinegar  is  added  to  prevent  the  glaze  from  subsiding  too  rapidly . 
When  the  porous  ware  is  dipped  into  this  mixture,  it  absorbs  the  water, 
T?p+!  ^Pa  thin  coating  of  the  mixture  of  quartz  and  felspar  upon 

its  surface.  * It  is  now  baked  a second  time,  when  the  glaze  fuses,  par  } 

, , • " „ ware  partly  remaining  as  a varnish  upon  the  surface. 

PeWhen  the  ware  is  required  to  have  some  uniform  colour  a mineral 
pigment  capable  of  resisting  very  high  temperatures its ffrad  with  he 

; but  These 
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the  surface  of  the  ware ; when  the  latter  is  again  heated  in  the  kiln,  the 
coloured  glass  fuses,  and  thus  contracts  a firm  adhesion  with  the  ware. 

Gold  is  applied  either  in  the  form  of  precipitated  metallic  gold,  or  of 
fulminating  gold,  being  ground  up  in  either  case  with  oil  of  turpentine, 
burnt  in,  and  burnished. 

English  'porcelain  is  made  from  Cornish  clay  mixed  with  ground  flints, 
burnt  bones,  and  sometimes  a little  sodium  carbonate,  borax,  and 
bin  oxide  of  tin,  the  last  improving  the  colour  of  the  ware.  It  is  glazed 
with  a mixture  of  Cornish  stone  (consisting  of  quartz  and  felspar),  flint, 
chalk,  borax,  and  sometimes  white  lead  to  increase  its  fusibility. 

Stone-icare  is  made  from  less  pure  materials,  and  is  covered  with  a glaze 
of  sodium  silicate,  in  a very  simple  manner,  by  a process  known  as  salt- 
glazing. The  ware  is  coated  with  a thin  film  of  sand  by  dipping  it  in  a 
mixture  of  fine  sand  and  water,  and  is  then  intensely  heated  in  a kiln 
into  which  a quantity  of  damp  salt  is  presently  thrown.  The  water  is 
decomposed,  its  hydrogen  taking  the  chlorine  of  the  salt  to  form  hydro- 
chloric acid,  and  its  oyxgen  converting  the  sodium  into  soda,  which  com- 
bines with  the  sand  to  form  sodium  silicate ; this  fuses  into  a glass  upon 
the  surface  of  the  ware. 

Pipkins,  and  similar  earthenware  vessels,  are  made  of  common  clay 
mixed  with  a certain  proportion  of  marl  and  of  sand.  They  are  glazed 
with  a mixture  of  4 or  5 parts  of  clay  with  6 or  7 parts  of  litharge. 
The  colour  of  this  ware  is  due  to  the  presence  of  ferric  oxide. 

Bricks  and  tiles  are  also  made  from  common  clay  mixed,  if  necessary, 
with  sand.  These  are  very  often  grey,  or  blue,  or  yellow,  before 
baking,  and  become  red  under  the  action  of  heat,  since  the  iron,  which 
is  originally  present  as  carbonate  (FeC03),  becomes  converted  into  the 
red  peroxide  (Fe„03)  by  the  atmospheric  oxygen. 

The  impure  varieties  of  clay  fuse  much  more  easily  than  pure  clay, 
so  that,  for  the  manufacture  of  the  refractory  bricks  for  lining  furnaces, 
of  glass-pots,  crucibles  for  making  cast-steel,  &c.,  a pure  clay  is  em- 
ployed, to  which  a certain  quantity  of  broken  pots  of  the  same  material 
is  added,  to  prevent  the  articles  from  shrinking  whilst  being  dried. 

Dinas  firebricks  are  made  from  a peculiar  siliceous  material  found  in 
the  Yale  of  Neath,  and  containing  alumina  with  about  98  per  cent,  of 
silica.  The  ground  rock  is  mixed  with  1 per  cent,  of  lime  and  a little 
water  before  moulding.  These  bricks  are  expanded  by  heat,  whilst 
ordinary  firebricks  contract. 

Blue  bricks  are  glazed  by  sprinkling  with  iron  scurf  \ a mixture  of 
particles  of  stone  and  iron  produced  by  the  wear  of  the  siliceous  grind- 
stones employed  in  grinding  gun-barrels,  &c.  When  the  bricks  are 
filed,  a glaze  of  silicate  of  iron  is  formed  upon  them. 

CHEMISTRY  OF  BUILDING  MATERIALS. 

307.  Chemical  principles  would  lead  to  the  selection  of  pure  silica 
(quartz,  rock-crystal)  as  the  most  durable  of  building  materials,  since  it 
is  not  acted  on  by  any  of  the  substances  likely  to  be  present  in  the 
atmosphere ; but  even  if  it  could  be  obtained  in  sufficiently  large  masses 
for  the  purpose,  its  great  hardness  presents  an  obstacle  to  its  being 
hewn  into  the  required  forms.  Of  the  building  stones  actually  em- 
ployed, granite , basalt,  and  porphyry  are  the  most  lasting,  on  account 


BUILDING  STONES. 


43S 


of  their  capability  of  resisting  for  a great  length  of  time  the  action  of 
water  ancl  of  atmospheric  carbonic  acid ; but  their  hardness  makes- 
them  so  difficult  to  work,  as  to  prevent  their  employment  except  for  the 
construction  of  pavements,  bridges,  &c.,  where  the  work  is  massive  and 
straightforward,  and  much  resistance  to  wear  and  tear  is  required,  T he 
millstone  grit  is  also  a very  durable  stone,  consisting  chiefly  of  silica,, 
and  employed  for  the  foundations  of  houses.  Freestone  is  a term  applied 
to  any  stone  which  is  soft  enough  to  be  wrought  with  hammer  and 
chisel,  or  cut  with  a saw ; it  includes  the  different  varieties  of  sandstone 
and  limestone.  The  sandstones  consist  of  grains  of  sand  cemented 
together  by  clay  or  limestone.  The  Yorkshire  flags  employed  for  paving 
are  siliceous  stones  of  this  description.  The  Craigleith  sandstone,  which 
is  one  of  the  freestones  used  in  London,  contains  about  98  per  cent,  of 
silica,  together  with  some  calcium  carbonate. 

The  building  stones  in  most  general  use  are  the  different  varieties  of 
calcium  carbonate.  The  durability  of  these  is  in  proportion  to  their 
compact  structure ; thus  marble,  being  the  most  compact,  has  been  found 
to  resist  for  many  centuries  the  action  of  the  atmosphere,  whilst  the 
more  porous  limestones  are  corroded  at  the  surface  in  a very  short  time. 
Portland  stone , of  which  St.  Paul’s  and  Somerset  House  are  built,  and 
Bath  stone,  are  among  the  most  durable  of  these ; but  they  are  all 
slowly  corroded  by  exposure  to  the  atmosphere.  The  chief  cause  or 
this  corrosion  appears  to  be  the  mechanical  disintegration  caused  by  the 
expansion,  in  freezing,  of  the  water  absorbed  in  the  pores  of  the  stone. 
In  order  to  determine  the  relative  extent  to  which  different  stones  aie 
liable  to  be  disintegrated  by  frost,  a test  has  been  devised,  which  con- 
sists in  soaking  the  stone  repeatedly  in  a saturated  solution  of  sodium 
sulphate  and  allowing  it  to  dry,  when  the  crystallisation  of  the  sa  t 
disintegrates  the  stone,  as  freezing  water  would,  so  that  if  the  particles 
detached  from  the  surface  be  collected  and  weighed,  a numerical  ex- 
pression for  the  resistance  of  the  material  will  be  obtained  {hr aid  s 
test).  Magnesian  limestones  (carbonate  of  calcium  with  carbonate  of 
magnesium)  are  much  valued  for  ornamental  architecture,  on  account 
of  the  ease  with  which  they  may  be  carved,  and  are  said  to  be  more 
durable  in  proportion  as  they  approach  the  composition  expressed  by 
the  formula  CaC03.MgC03  * The  magnesian  limestone  from  Lolsover 
Moor  of  which  the  Houses  of  Parliament  are  built,  contains  5°  Per 
cent,  of  calcium  carbonate,  40  of  magnesium  carbonate,  with  some  silica 


and  alumina.  „ ..  , 

It  is  probable  that  a slow  corrosion  of  the  surface  of  limestone  is 

effected  by  the  carbonic  acid  continually  deposited  111  aqueous  solution 
from  the  air ; and  it  is  certain  that  in  the  atmosphere  of  towns  the 
limestone  is  attacked  by  the  sulphuric  acid  which  results  fromt  lie  com- 
bustion of  coal  and  the  operations  of  chemical  works  The  Houses 
Parliament  have  suffered  severely,  probably  from  this  cause.  Many 
processes  have  been  recommended  for  the  preservation  of  bin  c 0 
stones,  such  as  waterproofing  them  by  the  application  of  ^ 
ous  substances,  and  coating  or  impregnating  them  with  solution  ot 
soluble  glass  and  similar  matters ; but  none  seems  yet  to  have 
thoroughly  tested  by  practical  expeiience. 

* Auy  excess  of  calcium  carbonate  above  that  required  bj Glin » fantrajj  be  dissolved 

out  by  treating  the  powdered  magnesian  limestone  with  weak  acetic  acid. 
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Purbeck , Ancaster,  and  Caen  stones  are  well-known  limestones  em- 
ployed for  building. 

The  mortar  employed  for  building  is  composed  of  i part  of  freshly 
slaked  lime  and  2 or  3 parts  of  sand  intimately  mixed  with  enough 
water  to  form  an  uniform  paste.  The  hardening  of  such  a composition 
appears  to  be  due,  in  the  first  instance,  to  the  absorption  of  carbonic 
acid  from  the  air,  by  which  a portion  of  the  lime  is  converted  into 
calcium  carbonate,  and  this,  uniting  with  the  unaltered  calcium  hydrate, 
forms  a solid  layer,  adhering  closely  to  the  two  surfaces  of  brick  or  stone, 
which  it  cements  together.  In  the  course  of  time  the  lime  would  act 
upon  the  silica,  producing  calcium  silicate,  and  this  chemical  action 
would  render  the  adhesion  more  perfect.  The  chief  use  of  the  sand 
here,  as  in  the  manufacture  of  pottery  (page  436),  is  to  prevent  ex- 
cessive shrinking  during  the  drying  of  the  mortar. 

In  constructions  which  are  exposed  to  the  action  of  water,  mortars 
of  peculiar  composition  are  employed.  These  hydraulic  mortars,  or 
cements , as  they  are  termed,  are  prepared  by  calcining  mixtures  of 
calcium  carbonate  with  from  10  to  30  per  cent,  of  clay,  when  carbonic 
acid  gas  is  expelled,  and  the  lime  combines  with  a portion  of  the  silica 
from  the  clay,  producing  calcium  silicate,  and  probably  also,  with  the 
alumina,  forming  calcium  aluminate.  When  the  calcined  mass  is  ground 
to  powder  and  mixed  with  water,  the  silicates  of  aluminium  and  calcium, 
and  the  calcium  aluminate,  unite  to  form  hydrated  double  silicates  and 
aluminates,  upon  which  water  has  no  action.  Roman  cement  is  pre- 
pared by  calcining  a limestone  containing  about  20  per  cent,  of  clay,  and 
hardens  in  a very  short  time  after  mixing  with  water. 

For  Portland  cement  (so  called  from  its  resembling  Portland  stone)  a 
mixture  of  river  mud  (chiefly  clay)  and  limestone  is  calcined  at  a very 
high  temperature. 

Concrete  is  a mixture  of  hydraulic  cement  with  small  gravel.  A speci- 
men of  this  material  from  a very  ancient  Phoenician  temple  was  as  hard 
as  rock,  and  contained  nearly  30  per  cent,  of  pebbles. 

Scott's  cement  was  prepared  by  passing  air  containing  a small  quantity 
of  sulphurous  acid  gas,  evolved  from  burning  sulphur,  over  quicklime 
heated  to  dull  redness.  The  setting  of  this  cement  appears  due  to  the 
presence  of  a small  proportion  of  calcium  sulphate  very  intimately  mixed 
with  the  quicklime.  The  mixture  of  these  substances  yields  the  cement 
by  a less  circuitous  process. 

GUNPOWDER. 

308.  Gunpowder  is  a very  intimate  mixture  of  saltpetre  (nitre  or 
potassium  nitrate),  sulphur,  and  charcoal,  which  do  not  act  upon  each 
other  at  the  ordinary  temperature,  but,  when  heated  together,  arrange 
themselves  into  new  forms,  evolving  a very  large  amount  of  gas. 

In  order  to  manufacture  gunpowder  capable  of  producing  the  greatest 
possible  effect,  great  attention  is  requisite  to  the  purity  of  the  ingre- 
dients, the  process  of  mixing,  and  the  form  ultimately  given  to  the 
finished  powder. 

Chemistry  of  the  Ingredients  of  Gunpowder. — Saltpetre. — 
Potassium  nitrate  (KN03),  nitre,  or  saltpetre  is  found  in  some  parts  of 
India,  especially  in  Bengal  and  Oude,  where  it  sometimes  appears  as  a 
white  incrustation  on  the  surface  of  the  soil,  and  is  sometimes  mixed 
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with  it  to  some  depth.  The  nitre  is  extracted  from  the  earth  by  treat- 
ing it  with  water,  and  the  solution  is  evaporated,  at  first  by  the  heat  of 
the  sun,  and  afterwards  by  artificial  heat,  when  the  impure  crystals  are 
obtained,  which  are  packed  in  bags  and  sent  to  this  country  as  grough 
(or  impure)  saltpetre.  It  contains  a quantity  of  extraneous  matter 
varying  from  i to  io  per  cent.,  and  consisting  of  the  chlorides  of  potas- 
sium and  sodium,  sulphates  of  potassium,  sodium,  and  calcium,  vegetable 
matter  from  the  soil,  sand,  and  moisture.  The  number  representing  the 
weight  of  impurity  present  is  usually  termed  the  refraction  of  the  nitre, 
in  allusion  to  the  old  method  of  estimating  it  by  casting  the  melted  nitre 
into  a cake  and  examining  its  fracture,  the  appearance  of  which  varies 
according  to  the  amount  of  foreign  matter  present. 

Peruvian  or  Chili  saltpetre  is  the  nitrate  of  sodium  (NaN03)  found 
in  Peru  and  Chili  in  beds  beneath  the  surface  soil.  It  is  often  spoken 
of  as  cubical  saltpetre , since  it  crystallises  in  rhombohedra,  easily  mis- 
taken for  cubes,  whilst  prismatic  saltpetre , nitrate  of  potassium,  crystal- 
lises in  six-sided  prisms.  Sodium  nitrate  cannot  be  substituted  for 
potassium  nitrate  as  an  ingredient  of  gunpowder,  since  it  attracts  mois- 
ture from  the  air,  becoming  damp,  and  is  less  powerful  in  its  oxidising 
action  upon  combustible  bodies  at  a high  temperature.  The  Peruvian 
saltpetre,  however,  forms  a very  important  source  from  which  to  prepare 
the  potassium  nitrate  for  gunpowder,  since  it  is  easily  converted  into 
this  salt  by  double  decomposition  with  potassium  chloride.  The  latter 
salt  is  now  imported  in  so  large  a quantity  from  the  salt-mines  of  Stass- 
furt  (p.  256)  that  it  enables  sodium  nitrate  to  be  very  cheaply  converted 
into  potassium  nitrate,  and  renders  Indian  saltpetre  of  less  importance 
to  the  manufacturer  of  gunpowder. 

In  order  to  understand  the  production  of  saltpetre  by  the  decomposi- 
tion of  sodium  nitrate  with  potassium  chloride,  it  is  necessary  to  be 
acquainted  with  the  solubility  of  those  salts  and  of  the  salts  produced 
by  their  mutual  decomposition. 


100  parts  of  boiling  water  dissolve 

218  parts  of  sodium  nitrate 
53  ,,  potassium  chloride 

200  ,,  potassium  nitrate 

37  ,,  sodium  chloride 


100  parts  of  cold  water  dissolve 

50  parts  of  sodium  nitrate 
33  ,,  potassium  chloride 

30  ,,  potassium  nitrate 

36  ,,  sodium  chloride 


It  is  a general  rule  that  when  two  salts  in  solution  are  mixed,  which 
are  capable  of  forming,  by  exchange  of  their  metals,  a salt  which  is  less 
soluble  in  the  liquid,  that  salt  will  be  produced  and  separated. 

Thus,  when  sodium  nitrate  and  potassium  chloride  are  mixed,  and 
the  solution  boiled  down,  sodium  chloride  is  deposited,  and  potassium 
nitrate  remains  in  the  boiling  liquid;  NaN03  + KC1  = KN03  + NaCl. 
When  this  is  allowed  to  cool,  the  greater  part  of  the  potassium  nitrate 
crystallises  out,  leaving  the  remainder  of  the  sodium  chloride  in  solution. 

The  method  usually  adopted  is  to  add  the  potassium  chloride  by  de- 
grees to  the  boiling  solution  of  sodium  nitrate,  to  remove  the  sodium 
chloride  with  a perforated  ladle  in  proportion  as  it  is  deposited,  and 
after  allowing  the  liquid  to  rest  for  some  time  to  deposit  suspended 
impurities,  to  run  it  out  into  the  crystallising  pans. 

The  potassium-salt  required  for  the  conversion  of  sodium  nitrate  into 
potassium  nitrate  is  sometimes  obtained  from  the  refuse  of  the  beet-root 
employed  in  the  manufacture  of  sugar. 
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Chili  saltpetre  sometimes  contains  a considerable  proportion  of  iodate. 
Yellow  samples  containing  chromate  are  occasionally  found. 

Potassium  nitrate  is  sometimes  prepared  from  the  nitrates  obtained 
in . the  nitre-heaps,  which  consist  of  accumulations  of  vegetable  and 
animal  refuse,  with  limestone,  old  mortar,  ashes,  &c.  These  heaps  are 
constructed  upon  an  impermeable  clay  floor  under  a shed  to  protect 
them  from  rain.  One  side  of  the  heap  is  usually  vertical  and  exposed 
to  the  prevailing  wind,  the  other  side  being  cut  into  steps  or  terraces. 
They  are  occasionally  moistened  with  stable  drainings,  which  are  allowed 
to  run  into  grooves  cut  in  the  steps  at  the  back  of  the  heap.  In  such 
a mass,  at  an  atmospheric  temperature  between  6o°  and  70°  F.,  nitrates 
of  the  various  metals  present  in  the  heap  are  slowly  formed,  and,  being 
dissolved  by  the  moisture,  are  left  by  it,  as  it  evaporates  on  the  vertical 
side,  in  the  form  of  an  efflorescence.  When  this  lias  accumulated  in 
sufficient  quantity,  it  is  scraped  off,  together  with  a few  inches  of  the 
niti  ijied  earth,  and  extracted  with  water,  which  dissolves  the  nitrates, 
whilst  the  undissolved  earth  is  built  up  again  on  the  terraced  back  of 
the  heap.  After  two  or  three  years  the  heap  is  entirely  broken  up  and 
reconstructed.  The  principal  nitrates  which  are  found  dissolved  in  the 
water  are  those  of  potassium,  calcium,  magnesium,  and  ammonium,  the 
three  last  of  which  may  be  converted  into  potassium  nitrate  by  decom- 
posing them  with  potassium  carbonate. 

The  formation  of  nitrates  in  these  heaps  probably  results  from 
chemical  changes  similar  to  those  which  occur  in  the  soils  in  which  nitre 
is  natuially  formed,  but,  at  present,  these  changes  are  not  thoroughly 
explained.  Some  chemists  are  of  opinion  that  nitrates  are  formed 
from  atmospheric  nitrogen  and  oxygen,  encouraged  by  the  presence  of 
porous  solids,  and  of  matters  undergoing  oxidation.  " The  explanation 
which  is  best  supported  by  experimental  evidence  is  that  which  refers 
their  formation  to  the  oxidation  of  ammonia  (page  132),  evolved  by  the 
putrefaction  of  the  nitrogenised  matters  which  the  heaps  contain,  this 
oxidation  also  being  much  promoted  by  the  presence  of  the  strongly 
a a ne  lime,  of  the  porous  materials  capable  of  absorbing  ammonia 
and  presenting  it  under  circumstances  favourable  to 
oxidation,  and  of  a peculiar  mycoderm  or  minute 
fungus  (page  132). 

In  1 ejming  saltpetre  for  the  manufacture  of  gun- 
powder, the  impure  {groiujh)  salt  is  dissolved  in 
about  an  equal  weight  of  boiling  water  in  a copper 
boiler,  the  solution  run  through  cloth  filters  to  re- 
m°Y‘  |ns°luble  matter,  and  allowed  to  crystallise  in 
a shallow  wooden  trough  lined  with  copper,  the 
bottom  of  which  is  formed  of  two  inclined  planes 
(hg.  265).  Whilst  cooling,  the  solution  is  kept  in 
continual  agitation  with  wooden  stirrers,  in  order 
that  the  saltpetre  may  be  deposited  in  the  minute 
crystals  known,  as  saltjjetre  flour,  and  not  in  the 
aige  pi  isms  which  are  formed  when  the  solution  is 
a cmec  to  crystallise  tranquilly,  and  which  contain  within  them 
cavi  ies  enclosing  some  of  the  impure  liquor  from  which  the  saltpetre 
Ti  +fen  .CI7stallised-  # The  saltpetre,  being  so  much  less  soluble  in 
co  nin  in  hot  water,  is,  in  great  part,  deposited  as  the  liquid  cools, 
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whilst  the  chlorides  and  other  impurities,  being  present  in  small 
proportion,  and  not  presenting  the  same  disparity  in  their  solubility 
at  different  temperatures,  are  retained  in  the  liquid.  The  saltpetre 
flour  is  drained  in  a wooden  trough  with  a perforated  bottom,  and 
transferred  to  a washing-cistern,  where  it  is  allowed  to  remain  for  half 
an  hour  in  contact  with  two  or  three  successive  small  quantities  of 
water,  to  wash  away  the  adhering  impure  liquor ; it  is  then  allowed  to 
drain  thoroughly,  and  in  that  state,  containing  from  3 to  6 per  cent,  of 
water,  according  to  the  season,  is  ready  to  be  transferred  to  the  incox - 
porating  mill  or  to  a hot-air  oven,  where  it  is  dried  if  not  required  for 
immediate  use. 

The  mother-liquor,  from  which  the  saltpetre  flour  has  been  depositee  f 
is  boiled  down  and  crystallised,  the  crystals  being  worked  up  with  the 
next  batch  of  grougli  nitre.  The  final  washings  of  the  flour  are  re- 
turned to  the  boiler  in  which  the  grough  nitre  is  originally  dissolved . 
When  the  saltpetre  contains  very  much  colouring  matter,  a little  g ue 
or  animal  charcoal  is  employed  by  the  refiner  to  assist  in  its  remova  . 

The  impurities  most  objectionable  in  the  saltpetre  employed  foi  gun 
powder  would  be  the  chlorides  of  potassium  and  sodium,  which  cause  it 
to  absorb  moisture  easily  from  the  air;  the  chief  test,,  therefore,  to 
which  the  refiner  subjects  it  is  the  addition,  to  its  solution  m distilled 
water,  of  a few  drops  of  solution  of  silver  nitrate,  which  causes  a miiki- 
ness,  due  to  the  separation  of  a precipitate  of  silver  chloride,  it  the 
chlorides  have  not  been  entirely  removed.  Moreover,  the  sample  should 
dissolve  entirely  in  water,  to  a perfectly  clear  colourless  solution,  which 
should  have  no  effect  on  blue  or  red  litmus-paper,  and  should  give  no 
cloudiness  with  barium  chloride  (indicating  the  presence  of  sulphates), 
or  with  ammonium  oxalate  (indicating  lime),  when  these  are  added  to 
separate  portions  of  it.  Very  minute  quantities  of  sulphates  and  o 
lime,  such  as  may  have  been  derived  from  the  use  of  river  water  in 
washing  the  flour,  are  generally  disregarded.  . 

Properties  of  saltpetre. — Potassium  nitrate  is  usually  distinguishable 
bv  the  long  striated  or  grooved  six-sided  prismatic  form  in  which  it 
crystallises  (though  it  may  also  be  obtained  in  rhombohedral  crystals 
like  those  of  sodium  nitrate),  and  by  the  deflagration  which  it  produces 
when  thrown  on  red-hot  coals.  It  fuses  at  about  635  r . (335  v 
a colourless  liquid,  which  solidifies  on  cooling  to  a translucent  brit  e 
crystalline  mass.  The  sal  prunelle  of  the  shops  consists  of  mtie  v h 
has  been  fused  and  cast  into  balls.  At  a red  heat  it  effervesces  from 
the  escape  of  bubbles  of  oxygen,  and  is  converted  into  potassium  nitiffe 
(KNO  ),  which  is  itself  decomposed  by  a higher  temperature,  e\olv  g 
nitrogen  and  oxygen,  and  leaving  a mixture  of  dipotassium  oxide  (Iv.,0) 
peroxide  (K.O  ).  In  contact  with 

it  undergoes  decomposition  with  great  rapidity,  five-sixths  oi  its  oxyge 

be  no  available  for  the  oxidation  of  the  combustible  substance  and  the 

STS,  evolved  in  the  free  state  ; thus,  in  contact  with  c^bor, 

tte  Complete  decomposition  of  the  nitre  may  be  represented  by  he 
tne  complete  uc  r + CO  + N Since  the  combustion 

Talarge  qumdity  of  material  may  be  thus ’effected  in  a very  sn aaU 

space  amlhi  a short  time,  the  temperature  pr^ed J» 

than  that  obtained  by  burning  the  combustible  m the  orta^y  y 

The  specific  gravity  of  saltpetre  is  2.07,  so  that  1 cubic  inch  we.„ 
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523  grains  (obtained  by  multiplying  the  weight  of  a cubic  inch  of 
water,  252.5  grains,  by  2.07).  Since  202  grains  (2  molecules)  of  nitre 
contain  80  grains  (5  atoms)  of  oxygen  available  for  the  oxidation  of 
combustible  bodies,  523  grains  (or  1 cubic  inch  of  nitre)  would  contain 
207  grains  (or  605  cubic  inches)  of  available  oxygen,  a volume  which 
would  be  contained  in  about  3000  cubic  inches  of  air ; hence,  1 volume 
of  saltpetre  represents,  in  its  power  of  supporting  combustion,  3000 
volumes  of  atmospheric  air.  It  also  enables  some  combustible  sub- 
stances to  burn  without  actual  flame,  as  is  exemplified  by  its  use  in 
touchpaper  or  slow  port-fire , which  consists  of  paper  soaked  in  a weak 
solution  of  saltpetre  and  dried,  the  combustion  taking  place  between 
the  solid  combustible  and  the  solid  oxygen  in  the  nitre,  instead  of 
between  gases  as  in  the  case  of  flame. 

If  a continuous  design  be  traced  on  foolscap  paper  with  a brush  dipped  in  a 
solution  of  30  grains  of  saltpetre  in  100  grains  of  water,  and  allowed  to  dry,  it 
will  be  found  that  when,  one  part  of  the  pattern  is  touched  with  a red-hot  iron,  it 
will  gradually  burn  its  way  out,  the  other  portion  of  the  paper  remaining  un- 
affected. 

A mixture  of  90  grains  of  saltpetre,  30  of  sulphur,  and  30  of  moderately  fine 
dried  sawdust  ( Baume's  flax)  will  deflagrate  with  sufficient  intensity  to  fuse  a 
small  silver  coin  into  a globule ; the  mixture  may  be  pressed  down  in  a walnut 
shell  or  a small  porcelain  crucible,  and  the  coin  buried  in  it,  the  flame  of  a lamp- 
being  applied  outside  until  deflagration  commences. 

jPulvis  fulminans  is  a mixture  of  3 parts  of  saltpetre,  1 part  of  sulphur,  and 
2 of  potassium  carbonate,  all  carefully  dried ; when  it  is  heated  on  an  iron  plate, - 
no  action  takes  place  till  it  melts,  when  it  explodes  very  violently.* 

Charcoal  for  Gunpowder. — Charcoal  has  been  already  described 
(p.  66)  as  the  residue  of  the  destructive  distillation  of  wood,  in  which 
process  the  hydrogen  and  oxygen  of  the  wood  are  for  the  most  part 
expelled  in  the  forms  of  wood  naphtha  (CII  0),  pyroligneous  acid 
(C2H40?),  carbonic  acid  gas,  carbonic  oxide,  water,  &c.,  leaving  a residue 
containing  a much  larger  proportion  of  carbon  than  the  original  wood, 
and  therefore  capable  of  producing  a much  higher  temperature  (page  71) 
by  its  combustion  with  the  saltpetre.  The  higher  the  temperature  to 
which  the  charcoal  is  exposed  in  its  preparation,  the  lai’ger  the  pro- 
portion of  hydrogen  and  oxygen  expelled,  and  the  more  nearly  does 
the  charcoal  approach  in  composition  to  pure  carbon ; but  it  is  not 
found  advantageous  in  practice  to  employ  so  high  a temperature,  since 
it  yields  a dense  charcoal  of  difficult  combustibility,  and  therefore  less 
fitted  for  the  manufacture  of  powder.  The  average  composition  of 
wood,  exclusive  of  ash,  is,  in  100  parts — 50  parts  cai'bon,  6 parts  hydro- 
gen, and  44  parts  oxygen. 

The.  composition  of  the  charcoal  prepared  at  different  temperatures  is 
given  in  the  following  table  : — 


Temperature  | 
of  Charring-.  1 

Carbon. 

Hydrogen. 

Oxygen. 

Ash. 

270°  C.  I 

71.0 

4.60 

23.OO 

I.40 

363° 

80.I 

3-71 

14-55 

1.64 

476j 

85.8 

3-13 

9-47 

I.60 

519° 

86.2 

3-H 

9- 11 

1.58 

« Probably  2KN0*  + K*CO*  + S*  = K*S04  + Iv*S  + CO*  + NO  + NO*.  The  NO  and 
would  probably  bo  decomposed  into  their  elements  by  the  violent  detonation. 
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The  charcoal  employed  for  gunpowder  in  this  country  is  prepared  at 
temperatures  between  360°  C.  and  520°  C.  It  will  be  seen  that  the  pro- 
portion of  carbon,  upon  which  the  heating  value  of  the  charcoal  depends, 
increases  with  the  final  temperature  of  carbonisation ; but  it  has  been 
found  that  the  rapidity  with  which  the  temperature  is  raised  has  also  a 
great  effect  in  increasing  the  proportion  of  carbon,  as  shown  in  the 
following  table  : — 


Final 

Temperature. 

Time  of 
Heating. 

Percentage 
of  Carbon. 

Final 

Temperature. 

Time  of 
Heating. 

Percentage 
of  Carbon. 

4IO°  C. 

5 hours 

81.65 

490°  C. 

hours 

86.34 

4140 

83.14 

555° 

3?  „ 

83-32 

49°° 

1 

3l  >> 

84.19 

558° 

3 >> 

S6.52 

The  charcoal  prepared  between  260°  and  320°  C.  has  a brown  colour 
(charbon  roux),  and  although  it  is  more  easily  inflamed  than  the 
black  charcoal  obtained  at  higher  temperatures,  the  presence  of  a large 
proportion  of  oxygen  so  much  diminishes  its  calorific  value,  that  its 
employment  in  gunpowder  is  not  advantageous.  It  is  used  on  the 
Continent  in  the  manufacture  of  sporting-powder,  and  is  prepared  by 
exposing  the  wood,  in  an  iron  cylinder,  to  the  action  of  high-pressure 
steam  heated  to  about  280°  C.  Charcoal  prepared  at  low  temperatures 
<fives  somewhat  higher  velocities,  but  absorbs  much  more  moisture  than 
that  prepared  at  high  temperatures. 

Li°-lit  woods,  such  as  alder,  willow,  and  dogwood,*  are  selected  for 
the  preparation  of  charcoal  for  gunpowder,  because  they  yield  a lighter 
and  more  easily  combustible  charcoal,  dogwood  being  employed  for  the 
best  quality  of  powder  for  small  arms.  This  wood  is  chiefly  imported, 
since  it  has  not  been  successfully  grown  in  this  country.  The  wood  is 
/stripped  of  its  bark,  and  either  exposed  for  a length  of  time  to  the  air 

or  dried  in  a hot  chamber.  Con- 
siderable loss  of  charcoal  takes 
place  if  damp  wood  be  charred, 
a portion  of  the  carbon  being 
oxidised  by  the  steam  at  a high 
temperature. 

In  order  to  convert  the  wood 
into  charcoal,  i|  cwt.  of  wood  is 
packed  into  a sheet-iron  cylinder 
or  slip  (fig.  266),  one  end  of  which 
is  closed  by  a tightly  fitting  cover, 
and  the  other  by  a perforated 
plate,  to  allow  of  the  escape  of 
the  gases  and  vapours  expelled 
during  the  carbonisation.  This 
cylinder  is  then  introduced  into  a 
cylindrical  cast-iron  retort,  built  into  a brick  furnace,  and  provided 
with  a pipe  (L)  for  the  escape  of  the  products,  which  are  usually 
carried  back  into  the  furnace  (B)  to  be  consumed.  The  process  of 
charring  occupies  from  2±  to  zh  hours>  and  as  soon  88  xt  18  com' 


Fig.  266. — Charcoal  retort. 


* Dogwood  charcoal  is  not  made  from  the  true  dogwood  Icormts),  but  from  the  alder 
buckthorn  [Rhamnus  frangula),  commonly  called  black  dogwood. 
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pleted,  which  is  known  . by  the  violet  tint  of  the  (carbonic  oxide) 
flame  from  the  pipe  leading  into  the  fire,  the  slip  is  transferred  to 
an  iron  box  or  extinguisher , where  the  charcoal  is  allowed  to  cool. 
About  40  lbs.  of  charcoal  are  obtained  from  the  above  quantity  of 
wood.  Charcoal  prepared  by  this  process  is  spoken  of  as  cylinder 
charcoal,  to  distinguish  it  from  pit  charcoal,  prepared  by  the  ordinary 
process  of  charcoal-burning  described  at  page  67,  and  which  is  employed 
for  fuze  compositions,  &c.,  but  not  for  the  best  gunpowder.  The  fitness 
of  the  charcoal  for  the  manufacture  of  powder  is  generally  judged  of  by 
its  physical  characters.  It  is  of  course  desirable  that  the  charcoal  should 
be  as  free  from  incombustible  matter  as  possible.  The  proportion  of  the 
ash  left  by  different  charcoals  varies  considerably,  but  it  seldom  exceeds 
2 per  cent.  This  ash  consists  chiefly  of  the  carbonates  of  potassium  and 
calcium  ; it  also  contains  calcium  phosphate,  magnesium  carbonate,  sili- 
cate and  sulphate  of  potassium,  chloride  of  sodium,  and  the  oxides  of 
iron  and  manganese. 

The  charcoal  is  kept  for  about  a fortnight  before  being  ground,  for 
if  ground  when  fresh,  before  it  has  absorbed  moisture  and  oxygen  from 
the  air,  it  is  liable  to  spontaneous  combustion.  The  grinding  is  effected 
in  a mill  resembling  a coffee-mill,  and  the  charcoal  is  afterwards  sifted. 

The  properties  of  charcoal  have  been  already  described ; its  great 
tendency  to  absorb  moisture  from  the  air  is  of  some  importance  in  the 
manufacture  of  gunpowder,  from  its  causing  a false  estimate  to  be 
made  of  the  proportion  employed,  unless  the  actual  amount  of  water 
present  in  the  charcoal  is  known. 

Tar  charcoal  is  the  name  given  to  sticks  of  charcoal  which  have  acci- 
dentally become  coated  with  a shining  film  of  carbon  left  behind  by  tar 
which  has  condensed  upon  it  in  the  retorts ; it  is  sometimes  rejected  by 
the  powder  manufacturer. 

The  charcoal  used  in  cocoa-powder  appears  to  be  made  from  rye-straw 
carbonised  at  a very  low  temperature  so  as  to  obtain  a very  brown 
charcoal  poor  in  carbon  (about  48  per  cent,  carbon  and  4.75  per  cent, 
hydrogen).  In  Oliver  powder,  part  of  the  charcoal  is  replaced  by  un- 
carbonised peat. 

Sulphur  for  Gunpowder. — Distilled  sulphur  (page  187)  is  the 
variety  always  employed  for  the  manufacture  of  gunpowder  in  the 
Government  factory,  the  sublimed  sidphur  being  employed  for  fuze  com- 
positions, &c.  The  alleged  reason  for  the  preference  is  that  the  sub- 
limed sulphur,  having  been  deposited  in  a chamber  containing  much 
sulphurous  and  sulphuric  acid  vapours,*  its  pores  have  become  charged 
with  acid  which  would  be  injurious  in  the  powder ; but  it  has  been 
pointed  out  (page  189)  that  distilled  sulphur  consists  entii’ely  of  the 
soluble  or  electro-negative  variety  of  sulphur,  whilst  sublimed  sulphur 
contains  a large  proportion  of  the  insoluble  or  positive  sulphur,  which 
would  probably  influence  its  action  in  gunpowder.  The  sulphur  should 
leave  scarcely  a trace  of  incombustible  matter  when  burnt,  and  after 
stirring  the  powdered  sulphur  for  some  time  with  warm  distilled  water, 
the  latter  should  only  very  feebly  redden  blue  litmus.  As  an  ingre- 
dient of  gunpowder,  sulphur  is  valuable  on  account  of  the  low  tempera-  * 
ture  (500  F.)  at  which  it  inflames,  thus  facilitating  the  ignition  of  the 

* For  certain  compositions  in  which  sublimed  sulphur  is  used,  it  is  well  washed  with 
water  in  order  to  remove  the  acid  from  its  pores. 
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powder.  Its  oxidation  by  saltpetre  is  also  attended  with  the  production 
of  a higher  temperature  than  is  obtained  with  charcoal,  which  has  the 
effect  of  accelerating  the  combustion  and  of  increasing,  by  expansion, 
the  volume  of  gas  evolved.  The  sulphur  is  ground  under  edge-runners 
(fig.  267)  and  sifted. 

The  difference  in  the  inflammability  of  sulphur  and  charcoal  is  strikingly  shown 
by  heating  a square  of  coarse  wire-gauze  over  a flame  till  it  is  red  hot  in  the 
centre,  placing  it  over  a jar  of  oxygen,  allowing  it  to  cool  tiU  it  no  longer  kindles 
charcoal-powder  sprinkled  through  it  from  a pepper-box,  and  whilst  the  cloud  of 
.charcoal  is  still  floating  in  the  gas,  throwing  in  sulphur  from  a second  box  ; the 
hot  gauze  will  inflame  the  sulphur,  and  this  will  kindle  the  charcoal. 

An  iron  rod  allowed  to  cool  below  redness  may  be  used  to  stir  a mixture  of 
charcoal  with  (3  parts  of)  nitre  ; but  if  dipped  into  powdered  sulphur,  at  once 
inflames  it,  and  the  flame  of  the  sulphur  will  kindle  the  mixture.  The  effect  of 
the  same  rod  upon  mixtures  of  nitre  with  charcoal  alone,  and  with  charcoal  and 


sulphur,  is  instructive. 

The  acceleration  of  the  combustion  of  gunpowder  by  the  sulphur  is  well  shown 
by  laying  a train,  of  which  one-half  consists  of  a mixture  of  75  nitre  and  25  char- 
coal, and  the  other  of  75  nitre,  15  charcoal,  and  10  sulphur,  a red-hot  iron  being 
applied  at  the  junction  of  the  two  trains  to  start  them  together. 

Manufacture  of  Gunpowder. — The  proportions  of  the  ingredients  of 
gunpowder  have  been  varied  somewhat  in  different  countries,  the  salt- 
petre ranging  from  74  to  77  Per  cenB>  the  chai’coal  from  12  to  16  per 
cent.,  and  the  sulphur  from  9 to  12.5  per  cent.  English  Government 
powder  contains  75  per  cent,  of  nitre,  15  per  cent,  pf  charcoal,  and 
10  per  cent,  of  sulphur.  An  extra  pound  of  saltpetre  is  generally  added 
at  Waltham,  to  compensate  for  loss  in  manufacture. 

The  powdered  ingredients  * are  first  roughly  mixed  in  a revolving 
gun-metal  drum,  with  mixing  arms  turning  in  an  opposite  direction, 

and  the  mixture  is  subjected,  in 
quantities  of  about  50  lbs.  at  a time, 
to  the  action  of  the  incorporating 
mill  (fig.  267),  where  it  is  sprinkled 
with  water,  poured  through  the  fun- 
nel (F),  or  from  a can  with  a fine 
rose,  and  exposed  to  trituration  and 
pressure  under  two  cast-iron  edge- 
runners  (B),  rolling  round  in  dif- 
ferent paths  upon  a cast-iron  bed, 
a very  intimate  mixture  being  thus 
effected  by  the  same  kind  of  move- 
ment as  in  a common  pestle  and 
mortar,  the  distribution  of  the  nitre 


Fig.  267.— Incorporating  mill. 


through 


the  mass  being  also  as- 


sisted by  its  solubility  in  water.  A 
wooden  scraper  (C)  tipped  with  copper  prevents  the  roller  from  getting 
clogged,  and  a plough  (D)  keeps  the  mixture  in  the  path.  Of  course, 
the5  water  employed  to  moisten  the  powder  must  be  as  free  from  deli- 
quescent salts  (especially  chlorides,  see  page  442)  as  possible;  at 
Waltham,  condensed  steam  is  employed  : the  quantity  required  varies 
with  the  state  of  the  atmosphere.  The  duration  of  the  incorporating 
process  is  varied  according  to  the  kind  of  powder  required,  the  slow- 


* The  amount  of  water  in  the  moist  saltpctro  (p.  442)  is  ascertained  by  drying  and 
melting  a weighed  sample  before  the  proportions  aie  weighed  out. 
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burning  powder  employed  for  cannon  being  sufficiently  incorporated  in 
about  three  hours,  whilst  rifle-powder  requires  five  hours. 

The  dark  grey  mass  of  mill-cake  which  is  thus  produced  contains 
2 or  3 per  cent,  of  water.  It  is  broken  up  by  passing  between  grooved 
rollers  of  gun-metal,  and  is  then  placed,  in  layers  of  about  half  an  inch 
thick,  between  copper  plates  packed  in  a stout  gun-metal  box  lined 
inside  and  outside  with  wood,  in  which  it  is  subjected  for  a quarter  of 
an  hour  to  a pressure  of  about  70  tons  on  the  square  foot,  in  a hydraulic 
press,  which  has  the  effect  of  condensing  a larger  quantity  of  explosive 
material  into  a given  volume,  and  of  diminishing  the  tendency  of  the 
powder  to  absorb  moisture  from  the  air  and  to  disintegrate  or  dust  after 
granulation.  The  press-cake  thus  obtained  is  very  hard  and  compact, 
resembling  slate  in  appearance.  As  far  as  its  chemical  nature  is  con- 
cerned, it  is  finished  gunpowder,  but  if  it  be  reduced  to  powder  and  a 
gun  loaded  with  it,  the  combustion  of  the  charge  is  found  to  take  place 
too  slowly  to  produce  its  full  effect,  since  the  pulverulent  form  offers  so 
great  an  obstacle  to  the  passage  of  the  flame  by  which  the  combustion 
is  communicated  from  one  end  of  the  charge  to  the  other.  The  press- 
cake  must,  therefore,  be  granulated  ( corned ) or  broken  up  into  grains 
of  sufficient  size  to  allow  the  rapid  passage  of  the  flame  between  them, 
and  the  consequent  rapid  firing  of  the  whole  charge.  The  granulation 
is  effected  by  crushing  the  press-cake  between  successive  pairs  of  toothed 
gun-metal  rollers,  from  which  it  falls  on  to  sieves,  which  separate  it 
into  grains  of  different  sizes,  the  dust,  or  meal  powder,  passing  through 
the  last  sieve.  At  Waltham,  the  li.L.Gr.  (rifle  large  grain)  passes 
through  a sieve  of  4 meshes  to  the  inch,  and  is  retained  on  one  of 
8 meshes,  whilst  R.F.G.  (rifle  fine  grain)  passes  through  a 12-mesh, 
and  is  retained  on  a 20-mesh  sieve.  The  granulated  powders  are  freed 
from  dust  by  passing  them  through  revolving  cylinders  of  wooden 
fiamework  covered  with  canvas  or  wire  cloth,  and  the  fine-grain  powder 
is  glazed  by  the  friction  of  its  own  grains  against  each  other  in  revolv- 
ing barrels.  The  large-grain  powders  are  sometimes  glazed  or  faced 
with  graphite,  by  introducing  a little  of  that  substance  into  the  glazing- 
barrels  with  the  powder.  The  powder  is  dried  in  a chamber  heated  by 
steam,  very  gradually,  so  as  not  to  injure  the  grain,  and  is  once  more 
dusted  in  canvas  cylinders  before  being  packed. 

For  very  large  charges,  the  grains  having  a diameter  of  J-  to  I inch 
(R.L.G.)  are  found  to  burn  too  rapidly,  exerting  too  great  a strain 
upon  the  gun.  In  such  cases,  pebble  powder,  the  grains  of  which  vary 
11  om  g to  i|  inch  or  more  in  diameter,  is  employed.  Prismatic  powder 
consists  of  large  grains  made  of  a regular  six-sided  prismatic  form  by 
compressing  the  powder-meal  (without  previously  making  it  into  press- 
cake)  in  moulds,  with  metal  punches,  whereas  the  pebble  powder  is 
ii regular  in  form.  The  prismatic  powder  is  made  with  perforations  in 
the  direction  of  its  length  to  facilitate  the  passage  of  flame  through  the 
charge.  Pellet  powder  is  moulded  in  a similar  manner  into  cylindrical 
pellets  about  J inch  long  and  f inch  in  diameter,  perforated  at  one  end 
to  about  the  centre. 


jocoa  powder,  or  brown  powder,  is  made  with  79  per  cent,  nitre 
3 or  4 per  cent,  sulphur,  and  1 5 per  cent,  of  the  brown  charcoal  from 
rye-straw  (see  p.  445)-  The  small  proportion  of  sulphur  makes  it  burn 
slowly,  notwithstanding  the  brown  charcoal. 


44§ 


GUNPOWDER. 


309.  Properties  of  Gunpowder. — Good  gunpowder  is  composed  of 
hard  angular  grains,  which  do  not  soil  the  fingers,  and  have  a perfectly 
uniform  dark  grey  colour.  Its  specific  gravity  ( absolute  density ),  as 
determined  by  the  densimeter*  varies  between  1.67  and  1.84,  and  its 
apparent  density  (obtained  by  weighing  a given  measure  of  the  grain 
against  an  equal  measure  of  water)  varies  from  0.89  to  0.94,  so  that  a 
cubic  foot  will  weigh  from  55  to  58  lbs.  When  exposed  to  air  of  average 
dryness,  gunpowder  absorbs  from  0.5  to  1 per  cent,  of  water.  In 
damp  air  it  absorbs  a much  larger  proportion,  and  becomes  deteriorated 
in  consequence  of  the  saltpetre  being  dissolved,  and  crystallising  upon 
the  surface  of  the  grains.  Actual  contact  with  water  dissolves  the  salt- 
petre and  disintegrates  the  grains.  When  very  gradually  heated  hi  ah’, 
gunpowder  begins  to  lose  sulphur,  even  at  2120  F.,  this  ingredient 
passing  oft’  rapidly  as  the  temperature  rises,  so  that  the  greater  part  of 
it  may  be  expelled  without  inflaming  the  powder,  especially  if  the 
powder  is  heated  in  carbonic  acid  gas  or  hydrogen,  to  prevent  contact 
with  ah’.  If  gunpowder  be  suddenly  heated  to  6oo°  F.  in  air,  it 
explodes,  the  sulphur  probably  inflaming  first  • but  out  of  contact  with 
ah’  a higher  temperature  is  required  to  inflame  it.  The  ignition  of  gun- 
powder by  flame  is  not  ensured  unless  the  flame  be  flashed  among  the 
grains  of  powder ; it  often  takes  some  time  to  ignite  powder  with  the 
flame  of  a piece  of  burning  paper  or  stick,  but  contact  with  a red-hot 
solid  body  inflames  it  at  once.  A heap  of  good  powder,  when  fired  on 
a sheet  of  white  paper,  burns  without  sparks  and  without  scorching  or 
kindling  the  paper,  which  should  exhibit  only  scanty  black  marks  of 
charcoal  after  the  explosion.  If  the  powder  has  not  been  thoroughly 
incorporated,  it  will  leave  minute  globules  of  fused  nitre  upon  the 
paper.  Two  ounces  of  the  powder  should  be  capable  of  throwing  a 
68-lb.  shot  to  a distance  of  260  to  300  feet  from  an  8-inch  mortar  at 


450  elevation. 

This  mode  of  testing  powder  by  the  eprouvette  mortar  is  not  now- 
applied  to  Government  powders.  Far  more  accurate  results  are  obtained 
by  measuring  the  velocity  imparted  to  a projectile  of  known  weight  by  a 
given  charge  of  the  powder.  The  velocity  is  measured  by  means  .of  a 
chronoscope,  which  registers  the  distance  travelled  by  the  shot  in  a given 
time  bv  causing  it  to  cut  the  wire  of  one  electrical  circuit  at  the  com- 
mencement of  its  flight,  and  that  of  another  at  the  conclusion,  thus 
teleo-raphing  its  velocity  to  the  instrument  room  at  a distance. 

Cannon  powder  (R.L.G.)  is  tested  by  firing  a charge  of  1 lh.  from  a 
muzzle-loader  rifled  gun,  with  a 1 2-lb.  shot.  Small-arm  powder  (R.F.G. ) 
is  fired  from  a Snider-Enfield  or  Martini-Henry  rifle.  The  mean  velocity 
at  a distance  of  105  feet  from  the  muzzle  is  determined.  For  R.L.G. 
it  amounts  to  about  1000  feet  per  second.  A charge  of  70  grs.  of 
R F.G.  in  the  Snider-Enfield  rifle  gives  a velocity  somewhat  greater 

than  this. 

Very  fortunately,  it  is  difficult  to  explode  gunpowder  by  concussion, 
though  it  has  been  found  possible  to  do  so,  especially  on  iron,  and  acci- 
dents appear  to  have  been  caused  in  this  way  by  the  iron  edge-runners 
in  the  incorporating  mill,  when  the  workmen  have  neglected  the  special 
precautions  which  are  laid  down  for  them.  The  use  of  stone  upon  iron 

« This  is  a simple  apparatus  for  determining  the  weight  of  mercury  displaced  by  a given 
weight  of  gunpowder,  from  which  all  the  air  has  been  exhausted. 
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in  the  incorporation  is  avoided,  because  of  the  great  risk  of  producing 
sparks,  and  copper  is  employed  in  the  various  fittings  of  a powder-mill 
wherever  it  is  possible. 

The  electric  spark  is,  of  course,  capable  of  firing  gunpowder,  though 
it  is  not  easy  to  ensure  the  inflammation  of  a charge  by  a spark  unless 
its  conducting  power  is  slightly  improved  by  mixing  it  with  a little 
graphite,  or  by  keeping  it  a little  moist,  which  may  be  effected  by  intro- 
ducing a minute  quantity  of  calcium  chloride. 

310.  Products  of  Explosion  of  Gunpowder. — In  the  explosion  of 
gunpowder,  the  oxygen  of  the  nitre  converts  the  carbon  of  the  charcoal 
chiefly  into  carbon  dioxide  (CO,),  part  of  which  assumes  the  gaseous  state, 
whilst  the  remainder  is  converted  into  potassium  carbonate  (K2C03). 
The  greater  part  of  the  sulphur  is  converted  into  potassium  sulphate 
(K,S04).  The  chief  part  of  the  nitrogen  contained  in  the  nitre  is 
evolved  in  the  uncombined  state.  The  rough  chemical  account  of  the 
explosion  of  gunpowder,  therefore,  is  that  the  mixture  of  nitre,  sulphur, 
and  charcoal  is  resolved  into  a mixture  of  potassium  carbonate,  potassium 
sulphate,  carbon  dioxide,  and  nitrogen,  the  two  last  being  gases,  the 
elastic  force  of  which,  when  expanded  by  the  heat  of  the  combustion, 
accounts  for  the  mechanical  effect  of  the  explosion. 

But  in  addition  to  these,  several  other  substances  are  found  among 
the  products  of  the  explosion.  Thus,  the  presence  of  potassium  sulphide 
(K,S)  may  be  recognised  by  the  smell  of  hydric  sulphide  produced 
on  moistening  the  solid  residue  in  the  barrel  of  a gun,  and  hydric 
sulphide  (H,S)  itself  may  often  be  perceived  in  the  gases  produced  by 
the  explosion,  the  hydrogen  being  derived  from  the  charcoal.  A little 
marsh  gas  (C'II4)  is  also  found  among  the  gases,  being  produced  by  the 
decomposition  of  the  charcoal,  a portion  of  the  hydrogen  of  which  is 
also  disengaged  in  the  free  state.  Carbonic  oxide  (CO)  is  always 
detected  among  the  products.  It  is  evident  that  the  collection  for 
analysis  of  the  products  of  explosion  must  be  attended  with  some  trouble, 
and  that  considerable  differences  are  to  be  expected  between  the  results 
obtained  by  different  operators,  from  the  variation  of  the  circumstances 
under  which  the  powder  is  fired  and  the  products  collected.  When  the 
powder  is  slowly  fired,  a considerable  proportion  of  the  nitrogen  in  the 
saltpetre  is  evolved  in  the  form  of  nitric  oxide  gas  (NO),  which  is  not 
found  among  the  products  of  the  rapid  explosion  of  powder. 

Some  of  the  most  recent  experiments  upon  the  explosion  of  gunpowder 
m e been  made  by  Noble  and  Abel  under  conditions  very  similar  to 
t lose  which  occur  in  practice,  the  powder  having  been  confined  in  a 
stiong  vessel  of  mild  steel,  in  which  the  powder  was  fired  by  electricity, 
so  that  the  gaseous  and  solid  products  of  the  explosion  remained  within 
t ie  \ essel,  and  could  be  submitted  to  analysis.  The  great  resources  at 
t le  disposal  of  these  experimenters  render  some  account  of  their  results 
instructive,  though  they  add  little  to  our  knowledge  of  the  principal 
reaction  in  the  explosion  of  gunpowder,  derived  from  the  earlier  experi- 
ments of  Bunsen  and  Karolyi. 

Three  samples  of  powder  manufactured  at  Waltham  Abbey  were  thus 
examined.  Their  composition  is  stated  in  the  following  table  : — 
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Pebble 

Powder. 

Rifle 

Large  Grain. 

74-95 
10.27 
10.86 
0.42 
1.99 
0.25 
1. 11 
0.15 

Fine  Grain. 

Nitre 

Sulphur 

Charcoal,  viz.,  Carbon 

Hydrogen 
Oxygen  . 

Ash  . 

Water 

Potassium  sulphate  . 

74.67 

IO.07 

12.12 

O.42 

1-45 

0.23 

0.95 

0.09 

73-55 
10.02 
II.36 
0-49 
2.57 
0.17 
I.48  ; 

O.36  1 

100.00 

100.00 

100.00 

The  quantities  of  gunpowder  exploded  in  different  ex periments  varied 
from  3i  oz.  to  i lb.  to  oz.,  and  the  pressures  observed  varied  fiom  t 

to  over"  36  tons  on  the  square  inch.  , , 

The  solid  products  were  found  almost  entirely  collected  at  the itattom 

of  the  vessel,  forming  an  exceedingly  hard  mass  of  a daik  » 

colour,  exceedingly  deliquescent,  smelling  strong  \ o residue 

and  frequently  also  of  ammonia.  In  some  instances  Ae  solid  ^.dne 
was  observed  to  become  heated  by  exposure  to  an , 1 * P 

“^o^able  shows  the  proportions  of  solid  and  = 
products  furnished  by  each  powder,  when  the  ratio  between  *e  volume 
of  the  charge  and  that  of  the  containing  space  was  varied  so^that^he 
maximum  pressures  attained  were  those  stater  <. 
column  : — 


I 


Pressure,  in  tons  per  square  inch  . 
Weight  of  solid  products  from  ioo 
parts  powder  . - 

Weight  of  gaseous  products  from 
ioo  parts  powder  . 


Pebble  Powder.  Rifle  LargeGrain. 

Fine  Grain. 

I.40 

12.50  1.60  35-6° 

3-70 

18.20 

56.12 

55.17  57-22  57-14 

58.17 

58.09 

43.88 

44.83  1 42-78  42-86 

41.83 

41.92 

The  permanent  gases  generated  by  the  explosion  were  found  ^occupy, 
at  o°C.  and  at  ordinary  atmospheric  piessme, 

volume  of  the  original  powder.  _ m-amme  of  each  powder 

The  products  of  explosion  furnished  b)  x 0iami 


were — 


Pebble 

Powder. 

Rifle  Large 
Grain. 

Fine  Grain. 

) 

Potassium  carbonate  (K2C03) 
sulphate  (K,,SO.,) 
sulphide  (K„S)  . 

sulphocyanide  ( KCN  S ) 
nitrate  (KN03)  . 

| Ammonium  carbonate  . 

Sulphur 

Charcoal 

Total  solid  products  . 

•3258 
.0710 
. 1042 
.0014 
.0013 
.0005 
• 0445 
.0008 

■ 3415 
.0844 
.0807 
.0013 
.0015 
.0004 
.0490 
. 0004 

.2861 
. 1252 
.0999 
.0007 
.0009 
.0003 
•0381 

• 5495 

.5592 

1 -5512 
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Pebble 

Powder. 

Rifle  Large 
Grain. 

1 

Fine  Grain. 

Carbonic  acid  gas  (CO„) 

Carbonic  oxide  (CO)  1 

Nitrogen 

Sulphuretted  hydrogen  (H.,S) 
Marsh  gas  (CH4)  . 

Hydrogen  .... 
Oxygen  

Total  gaseous  products  . . 

.2685 

.0477 

.1123 

.0111 

.0006 

.0006 

... 

.2630 

.0422 

.1117 

.0109 

.0008 

.0009 

.0002 

.2689 

•0355 

. 1123 
.0101 
.0004 
.0007 
.0003 

.4408 

.4297  .4282 

P i om  this  table  it  appears  that  the  solid  residue  of  fired  gunpowder 
consists  chiefly  of  potassium  carbonate  and  sulphate,  with  usually  smaller 
proportions  of  potassium  sulphide.  The  gases  evolved  are  chiefly  car- 
bonic acid  gas  and  nitrogen,  with  a small  quantity  of  carbonic  oxide. 

The  gi  eat  variation  in  the  proportions  of  sulphate  and  sulphide  of 
potassium,  coupled  with  our  knowledge  of  the  mutual  relations  of  these 
bodies  at  high  temperatures,  would  support  the  belief  that  the  sulphate 
is  nrst  produced,  and  is  partially  converted  into  sulphide  by  secondary 
reactions.*  J 


3n.  Calculation  of  the  Force  of  Fired  Gunpowder. —The  com- 
plex  character  of  the  decomposition,  and  its  variation  under  different 
conditions,  render  it  impossible  to  write  a single  general  equation  repre- 
senting the  explosion  of  gunpowder ; but  in  order  to  illustrate  the 
method  of  calculating  the  force  of  fired  powder  in  any  given  case,  we 
may  take  the  following  equation  as  a simple  expression  of  the  principal 
reaction  : 4KNO3  + C4  + S = K2C03  + K,S04  + N,  + aCO,  + CO. 

1 lie  mechanical  force  exerted  in  explosion  depends  upon  the  produc- 
tion of  a large  volume  of  gas  from  a small  volume  of  solid,  the  volume 
of  the  gas  being  increased  by  the  expansive  effect  of  the  heat  generated 
. i C0IU  ustion  of  the  charcoal  and  sulphur.  To  calculate  the  amount 
of  tins  mechanical  force,  it  is  necessary  to  ascertain  the  volume  of  gas 
Tvhich  would  be  evolved  by  a given  volume  of  powder,  and  the  extent  to 
which  the  gas  would  be  expanded  by  the  heat  at  the  instant  of  explosion. 

It  is  calculated,  from  the  Table  of  Atomic  Weights,  that- 
4KXOs  = ioi  x 4 = 404  grammes 
Ch  = 12x4  = 48 

b = 32 


A 

2C0., 

CO" 


Gunpowder  . 484 

Grammes.  Litres  at  o°  C.  and  760  mm.  Bar. 
14  x 4 = 56  = 1 1.2  x 4 = 44.8 

44  x 2 = 88  = 22.4  x 2 = 44.8 

= 28  = 22.4 


Gaseous  products  172  grammes 


1 12.0  litres 


# ^ * / “■'  1U.U  UUBU 

]-+  en<i.e  ^ aPPears  that  484  grammes  of  gunpowder  would  yield  112 
Mies  of  gas  measured  at  o”  C.  and  760  mm  barometric  pressure. 

the  explosion6^  t0  c^eterm*ne  ^ie  volume  of  this  gas  at  the  moment  of 


an  important  constituent  of  th.  ln  H N ^ and,  Abe  ’ t]in.t  potassium  hyposulphite  was 
experimenters  win  1 solid  residue  which  had  been  overlooked  by  previous 

i lenteis,  was  afterwards  admitted  to  be  due  to  a mistake  in  the  analysis 


vas 
previous 


G G 2 
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The  total  heat  produced  in  the  explosion  of  1 part  by  weight  of  gun- 
powder was  found  by  Noble  and  Abel  to  raise  the  temperatuie  o 7 1 4- 5 
parts  by  weight  of  water  from  o°  C.  to  i°  C„  orto  raise  the  temperatiire- 
of  1 part  by  weight  of  water  from  o°  C.  to  7i4°.5  C-  supposing  the  water 
to  be  capable  of  bearing  so  great  an  elevation  of  temperature  without 
change  of  state  or  of  specific  heat. 

This  result  is  generally  expressed  by  saying  that  the  combustion  of  the- 
powder  evolves  714.5  units  of  heat  (the  unit  of  heat  being  the  quanti  > 
required  to  raise  1 part  by  weight  of  water  from  o C.  to  1 C.). 

But  the  products  of  the  explosion  of  powder  will  be  raised  to  a higher 
temperature  than  7140. 5 0..  because  their  specific  heat  is  lower  than  that 

of  water.  „ , , 

For  the  purpose  of  this  calculation,  the  specific  heat  ol  a substance- 

may  be  defined  as  the  quantity  of  heat  required  to  raise  1 gramme  of 
the  substance  through  T of  the  thermometer,  water  being  taken  as  the 

Unit  is  evident  that  if  the  specific  heat  of  each  product  of  the  explosion 
be  multiplied  by  the  actual  weight  of  that  product,  the  result  will  be 
the  quantity  of  heat  requir  ed  to  raise  that  product  1 m temperature. 

The  specific  heats  of  the  products  have  been  ascertained  by  experi- 
ment, and  are  contained  in  the  third  column  in  the  following  table_ 
The  actual  weight  of  each  product  from  the  explosion  of  1 gramme  ot 
powder  is  contained  in  the  second  column  and  the  fourth  column  shows 
the  quantity  of  heat  required  to  raise  each  product  1 G.  (lepiesent  - 
as  unity  the  quantity  of  heat  required  to  raise  1 gramme  of  water  from 

o°  C.  to  i°  C.).  a . 


Potassium  carbonate 
,,  sulphate  . 
Nitrogen  . 

Carbonic  acid  gas 
oxide 


Specific  Heat. 

. .28 

x .2162  = 

.0605 

. .36 

X .1901  = 

.0684 

. .12 

x .2438  = 

■0293 

. ,l8 

x .2163  = 

.0389 

. .06 

x .2450  = 

•0147 

.2118 

The  quantity  ot  heat,  therefore,  which  is  required  to  raise,  through  i" _ C-,  the 
joint  products  of  the  explosion  of  . gramme  of  gunpowder  is  0.21.8  of  the  above 

mKri“ng''the  f, « units  of  heat  generated  in  the  erosion  by  the  quantity 


sion. 


Lon.  j 0 « „ 

The  expansion  of  gases  when  heated  amounts  to  — of  their  volume  a o 

each  degree  of  temperature. 

Hence  3373”  would  expand  the  gas  by  . (about)  .2  times  its  volume  at 

o',  or  each  volume  of  gas  at  o’  would  become  .3  volumes  at  the  moment  o 
explosion. 


1 

TheS1n2  litres  of  gas  from  484  grammes  of  powder  would  become  112  x ihj 

1456  litres  at  the  moment  of  explosion ; and  1 gramme  of  powder  would  give  ^ 

or  3.008  litres  = 3008  c^iccmtimetres  ofgas^  ies  a space  0f  one  cubic 

In  an  ordinary  charge  of  gur  1 > J?  > bcl  the  fused  solid  products 

centimetre,  but  since,  accordi  g ^ original  powdei  charge,  there  would  be  s 

?o  leVctpM  by  the  300S  cc.  of  gas. 
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Since  the  elastic  force  or  pressure  of  gases  increases  in  proportion  as  their 
volume  is  diminished,  the  3008  c.c.  of  gas,  when  confined  in  a space  which  would 
.contain  only  § c.c.  at  the  normal  pressure  of  one  atmosphere,  must  exert  a 
pressure  of  3008  x § = 4512  atmospheres  or  4512  x 14.7  lbs.,  or  29.6  tons  per 
square  inch. 

The  experiments  of  Noble  and  Abel  gave  280  volumes  of  gas  at  o°  from  one 
volume  of  powder,  instead  of  231.4  volumes,  as  required  by  the  equation  ; these 
.280  volumes  would  become  3640  volumes  at  the  temperature  of  the  explosion,  and 
would  exert  a pressure  of  5460  atmospheres  in  the  space  available  for  the  gas ; 
this  amounts  to  nearly  36  tons  per  square  inch. 

Variations  in  the  proportions  of  the  ingredients  of  gunpowder  have  less  effect 
upon  the  total  energy  of  the  powder  than  upon  its  rate  of  burning.  Thus,  a slowly 
burning  powder  containing  a large  proportion  of  charcoal  will  exert  the  same 
pressure  in  a closed  vessel  as  is  exerted  by  military  powder.  For,  when  the  pro- 
portion of  carbon  is  large,  more  of  the  oxygen  of  the  nitre  is  converted  into 
carbonic  oxide  and  less  into  carbon  dioxide ; and  a given  quantity  of  oxygen, 
when  converted  into  CO,  gives  twice  as  large  a volume  of  gas  as  when  converted 
into  CO._„  But  the  formation  of  CO,,  from  a given  weight  of  oxygen,  develops 
1.6  times  as  much  heat  as  that  of  CO,  so  that  the  thermal  value  of  a powder  varies 
.inversely  as  the  volume  of  gas  measured  at  o° ; and  the  maximum  pressure  pro- 
duced by  the  explosion  is  nearly  the  same  for  powders  differing  greatly  in  com- 
position. This  is  illustrated  by  the  results  of  Noble  and  Abel. 


Composition. 

Thermal 

Value. 

Gas  at  0°. 

Ala.xm.  Pressure 
in  Tons  per 
Square  Inch. 

• Nitre. 

Ch.  S. 

Mining  . . . 67 

Military  . . 75 

19  ; 14 

15  10 

5°9 

714 

360 

280 

44 

43 

In  calculating  the  pressure,  it  is  supposed,  of  course,  that  the  whole 
•of  the  gas  is  evolved  at  once,  and  is  immediately  raised  to  the  same  tem- 
perature, conditions  never  fulfilled  in  the  use  of  gunpowder  in  small 
.arms  or  in  cannon,  where  the  combustion  of  the  charge  is  not  instan- 
taneous, but  rapidly  progressive,  where  the  confining  space  is  rapidly 
■enlarged  by  the  movement  of  the  projectile  long  before  the  whole  of  the 
•charge  has  exploded,  and  where  the  heated  gas  is  cooled  by  contact  with 
the  metal  of  the  piece. 

The  calculation  given  above  can  be  regarded  only  as  an  illustration  of  the 
method,  as  there  are  several  circumstances  which  vitiate  the  conclusion  arrived 
.at.  ^ The  chemical  equation  on  which  it  is  based  is  confessedly  imperfect. 

We  know  little  or  nothing  of  the  real  condition  of  the  products  at  the  moment 
.of  the  explosion ; it  is  probably  very  different  from  that  after  cooling,  when  we 
.examine  them.  From  what  is  known  of  the  effect  of  heat  upon  carbonic  acid  gas 
.and  carbonic  oxide,  it  is  almost  certain  that  these  gases  are  at  least  partially 
resolved  into  their  elements  at  the  moment  of  explosion,  and  it  is  scarcely  likely 
that  the  complex  molecules  of  sulphate  and  carbonate  of  potassium  would  exist 
.at  so  high  a temperature.  Any  breaking  up  of  the  molecules  of  carbonic  acid 
gas,  of  sulphate  and.  carbonate  of  potassium,  would  increase  the  expansion,  and 
lender  the  above  estimate  of  the  force  of  fired  powder  too  low. 

If  dissociation  or  temporary  decomposition  of  the  products  occurs  as  a result 
of  the  high  temperature,  the  acts  of  combination  • which  must  take  place 
■during  the  expansion  and  consequent  cooling  must  be  attended  with  evolution 
■of  heat,  rendering  the  decrease  of  pressure  more  gradual  than  it  would  be 
•otherwise. 

The  actual  rate  of  expansion  of  gases  at  so  high  a temperature  is  inferred  from 
•our  experience  of  their  behaviour  at  comparatively  low  temperatures,  and  there  are 
some  indications  of  a want  of  agreement  under  the  two  conditions. 

1 he  experiments  of  Andrews  have  shown  that,  even  at  a pressure  of  100  atmo- 
spheres, carbonic  acid  gas  exhibits  striking  deviations  from  the  law  that  the 
pressure  exerted  by  a gas  is  inversely  as  its  volume. 
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The  period  over  which  the  combustion  of  a given  weight  of  powder 
extends  will,  of  course,  depend  upon  the  area  of  surface  over  which  it 
can  be  kindled;  thus  a single  fragment  of  powder  weighing  io  grains, 
even  if  it  were  instantaneously  kindled  over  its  entire  surface,  could  not 
evolve  so  much  gas  in  a given  time  as  if  it  had  been  broken  into  io- 
separate  grains,  each  of  which  was  kindled  at  the  same  instant,  since  the 
inside  of  the  large  fragment  can  only  be  kindled  from  the  outside.  Upon 
this  principle  a given  weight  of  powder  in  large  grains  will  occupy  a 
longer  period  in  its  explosion  than  the  same  weight  in  small  grains,  so- 
that  the  large-grain  powder  is  best  fitted  for  ordnance,  where  the  ball  is 
very  heavy,  and  the  time  occupied  in  moving  it  will  permit  the  whole  ol 
the  charge  to  be  fired  before  the  ball  has  left  the  muzzle,  whilst  in  small 
arms  with  light  projectiles,  a finer  grained  and  more  quickly  burning 
charge  is  required.  If  the  fine-grain  powder  were  used  in  cannon,  the* 
whole  of  the  gas  might  be  evolved  before  the  containing  space  had  been 
sensibly  enlarged  by  the  movement  of  the  heavy  projectile,  and  the  gun 
would  be  subjected  to  an  unnecessary  strain  ; on  the  other  hand,  a large- 
grain  powder  in  a musket  would  evolve  its  gas  so  slowly  that  the  ball 
might  be  expelled  with  little  velocity  by  the  first  half  of  it,  and  the 
remainder  would  be  wasted.  There  is  good  reason  to  believe  that  even 
under  the  most  favourable  circumstances  a large  proportion  of  ei  ery 
charge  of  powder  is  discharged  unexploded  from  the  muzzle  of  the  gun,, 
and  is  therefore  wasted.  In  blasting  rocks  and  other  mining  operations,, 
the  space  within  which  the  powder  is  confined  is  absolutely  incapable 
of  enlargement  until  the  gas  evolved  by  the  combustion  has  attained 
sufficient  pressure  to  do  the  whole  work,  that  is,  to  rend  the  rock,  foi 
example,  asunder.  Accordingly,  a slowly  burning  charge  will  produce  the 
effect,  since  the  rock  must  give  way  when  the  gas  attains  a certain  pres- 
sure, whether  that  happens  in  one  second  or  in  ten.  Indeed,  a slow  ly 
burning  charge  is  advantageous,  as  being  less  liable  to  shatter  the  rock 
or  coal,  and  bringing  it  away  in  larger  masses  with  less  danger.  Barium 
nitrate  and  sodium  nitrate  are  sometimes  substituted  for  a part  of 
the  potassium  nitrate  in  mining  powder,  its  combustion  being  thus  re- 


1 The  same  charge  of  the  same  powder  produces  very  different  results  when 
heated  in  different  ways.  If  5 grains  of  gunpowder  be  placed  m a wide ^test-tube, 
and  fired  by  passing  a heated  wire  into  the  tube,  a slight  puff  only  is  percened 
but  if  the  same  amount  of  powder  be  heated  in  the  tube  by  a spirit-lamp,  it  n il 
explode  with  a loud  report,  and  perhaps  shatter  the  tube  (a  copper  or  brass  tub' 
is  safer).  In  the  first  place  the  combustion  is  propagated  slowly  from  the  pai- 
ticle  first  touched  by  the  wire ; in  the  second,  all  the  particles  are > raised  at  once 
to  pretty  nearly  the  same  temperature,  and  as  soon  as  one  explodes,  all  the  ie. 
follow  instantaneously. 

When  gunpowder  is  slowly  fired,  the  products  of  its  decomposition  ai 
different  from  those  mentioned  above;  thus,  nitric  oxide  (NO),  arising 
from  incomplete  decomposition  of  the  nitre,  is  perceived  m considerable 
quantity,  and  may  be  recognised  by  the  red  colour  produced  when  it  is 

brought  in  contact  with  air.  . . 

The  white  smoke  resulting  from  the  explosion  of  gunpowder  consists 
chiefly  of  the  sulphate  and  carbonate  of  potassium  in  a very  finely  divided 
state  - it  seems  probable  that  at  the  instant  of  explosion  they  axe  con- 
verted  into  vapour,  and  are  afterwards  deposited  in  a state  of  minute- 
division  as  the  temperature  falls,  befouling  or  actual  sohd residue  m 
the  gun  is  very  trifling  when  the  powder  is  dry  and  has  been  well 
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porated ; a damp  or  slowly  burning  powder  leaves,  as  might  be  expected, 
a larger  residue.  The  residue  always  becomes  wet  on  exposure  to  air, 
from  the  great  attraction  for  moisture  possessed  by  the  carbonate  and 
sulphide  of  potassium. 

When  io  grains  of  Waltham  Abbey  gunpowder  are  fired  in  a strong  air-tight 
steel  cylinder,  with  a cavity  about  an  inch  high  and  half  an  inch  in  diameter, 
by  the  galvanic  battery,  the  interior  of  the  cavity  is  covered  with  a snow-white 
powder  composed  of  sulphate  and  carbonate  of  potassium,  which  deliquesces 
rapidly  in  a damp  atmosphere.  No  nitric  oxide  is  found  in  the  gas  formed  by 
the  explosion. 

If  a small  quantity  of  powder  be  slightly  damped  and  rammed  into  a wooden 
tube,  in  the  mouth  of  which  a piece  of  quick  match  is  inserted,  the  charge  may 
be  kindled,  and  the  tube  held  with  its  mouth  under  water,  so  that  the  gases  may 
be  collected  in  an  inverted  jar.  These  will  be  found  to  contain  NO  (giving  a 
brown  colour  in  contact  with  air),  H2S  (giving  a black  precipitate  with  lead 
acetate),  beside  the  C02  (giving  a white  precipitate  with  lime  water),  CO,  and  N. 

The  charge  should  be  carefully  rammed,  and  the  wooden  tube  (or  fuze)  held 
with  tongs,  as  it  sometimes  explodes. 

312.  Effect  of  variations  of  atmospheric  pressure  on  the  combustion  of 
(junpoiccler. — From  the  circumstance  that  the  combustion  of  gunpowder 
is  independent  of  any  supply  of  oxygen  from  the  air,  it  might  be  sup- 
posed that  it  would  be  as  easily  inflamed  in  vacuo  as  under  ordinary 
atmospheric  pressure.  This  is  not  found  to  be  the  case,  however,  for  a 
mechanical  reason,  viz.,  that  the  flame  from  the  particles  which  are  first 
ignited  escapes  so  rapidly  into  the  vacuous  space,  that  it  does  not  inflame 
the  more  remote  particles.  For  a similar  reason,  charges  of  powder  in 
fuzes  are  found  to  burn  more  slowly  under  diminished  atmospheric  pres- 
sure, the  flame  (or  heated  gas)  escaping  more  rapidly  and  igniting  less 
of  the  remaining  charge  in  a given  time.  It  has  been  determined  that 
if  a fuze  be  chaiged  so  as  to  burn  for  thirty  seconds  under  ordinary 
atmospheric  pi’essure  (30  inches  barometer),  each  diminution  of  1 inch 
in  barometric  pressure  will  cause  a delay  of  1 second  in  the  combustion 
of  the  charge,  so  that  the  fuze  will  bum  for  thirty-one  seconds  when  the 
barometer  stands  at  29  inches. 

The  manufacture  of  gunpowder  may  be  illustrated  by  the  following  experiments 
on  a small  scale  : — 

Preparation  of  the  ingredients. — Charcoal. — A few  small  pieces  of  wood  are 
placed  in  a clay  crucible,  which  is  then  filled  up  with  dry  sand  and  heated  in 
a moderate  fire  as  long  as  any  vapours  are  evolved,  when  it  may  be  set  aside 
to  cool. 

Sulphur. — 500  grains  of  roll  sulphur  may  be  distilled  in  a Florence  flask,  using 
another  flask,  the  neck  of  which  has  been  cut  off 
(fig.  268),  for  a receiver  from  which  the  sulphur 
is  afterwards  poured,  in  a melted  state,  upon  a 
piece  of  tin-plate. 

A plain  retort  with  a wide  short  neck  may  be 
substituted  for  the  Florence  flask. 

Nitre. — 1 000  grains  of  impure  nitre  are  dissolved, 
at  a moderate  heat,  in  4 measured  ounces  of  dis- 
tilled water,  in  an  evaporating  dish  (fig.  269) ; the 
solution  is  filtered  into  a beaker  which  is  placed 
in  cold  water,  and  stirred  with  a glass  rod  until  it 

is  quite  cold.  The  saltpetre  flour  thus  obtained  jv.  268. Distillation  of 

is  collected  upon  a filter,  thoroughly  drained,  the  sulphur, 

filter  removed  from  the  funnel,  spread  out,  the 

saltpetre  transferred  to  another  piece  of  filter-paper,  and  pressed  between 
the  paper  to  remove  as  much  of  the  liquid  as  possible ; it  is  then  spread  out  on 
paper  and  dried  on  a hot  brick.  (For  the  mode  of  testing  its  purity  see  page 
442.) 
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.1  fixture  of  the  ingredients. — Sixty  grains  of  the  charcoal,  reduced  to  a very  fine 

powder,  40  grains  of  the  sulphur,  also  previously 
powdered,  and  300  grains  of  the  dried  nitre,  are 
very  intimately  mixed  in  a mortar ; 50  grains  of 
the  mixture  are  set  aside  for  comparison.  To 
the  remainder  enough  water  is  added  to  make  it 
into  a stiff  cake,  which  is  well  incorporated  under 
the  pestle  for  some  time.  It  is  then  scraped  out 
of  the  mortar  and  allowed  to  dry  slowly  at  a very 
gentle  heat.  When  perfectly  dry,  it  is  crumbled 
to  a coarse  powder,  and  the  dust  sifted  out 
through  a piece  of  wire  gauze.  It  will  be  found 
instructive  to  compare,  in  trains  and  otherwise, 
the  firing  of  the  powder  in  grains,  of  the  dust, 
and  of  the  mixed  ingredients  without  incorpora- 
tion, observing  especially  the  difference  in  rapidity 
of  burning  and  in  the  amount  of  residue. 


CHEMISTRY  OF  FUEL. 

• 

313.  Several  of  the  applications  of  chemical  principles  in  the  com- 
bustion of  fuel  have  been  already  explained  and  illustrated.  The  object 
of  this  section  is  to  compare  the  chemical  composition  of  the  most 
important  varieties  of  fuel,  and  to  exemplify  the  principles  upon  ■which 
their  heating  power  may  be  calculated  from  the  results  furnished  by 
their  analysis. 

All  the  varieties  of  ordinary  fuel,  of  course,  contain  a large  propor- 
tion of  carbon,  always  accompanied  by  hydrogen,  generally  by  oxygen, 
and  sometimes  by  small  proportions  of  nitrogen  and  sulphur.  Certain 
mineral  substances  are  also  contained  in  all  solid  fuels,  and  compose  the 
ash  when  the  fuel  is  burnt. 

For  all  practical  purposes,  it  may  be  stated  that  the  amount  of  heat 
generated  by  the  combustion  of  a given  weight  of  fuel  depends  upon 
the  weights  of  carbon  and  hydrogen,  respectively,  which  enter  into 
combination  with  the  oxygen  of  the  air  in  the  act  of  combustion  of  the 

fuel-  ..  . 

It  has  been  ascertained  by  experiment  that  1 lb.  of  carbon  (in  the 
form  in  which  it  exists  in  wood-charcoal),  when  combining  with  oxygen 
to  form  carbon  dioxide,  produces  a quantity  of  heat  which  is  capable  of 
raising  8080  lbs.  of  water  from  o°  to  i°  of  the  centigrade  thermometer. 
This  is  usually  expressed  by  saying  that  the  calorific  value  of  carbon  is 
8080,  or  that  carbon  produces  8080  units  of  heat  during  its  combustion 
to  carbon  dioxide.  If  the  fuel,  therefore,  consisted  of  pure  carbon,  it 
would  merely  be  necessary  to  multiply  its  weight  by  8080  to  ascertain 

its  calorific  value.  . 

One  pound  of  hydrogen,  during  its  conversion  into  water  by  combus- 
tion, evolves  enough  heat  to  raise  34,4°°  H®.  of  water  from  o C.  to 
x°  C.,  so  that  the  calorific  value  of  hydrogen  is  34,4°°-  _ 

If  the  fuel  consisted  of  carbon  and  hydrogen  only,  its  calorific  value 
would  be  calculated  by  multiplying  the  weight  of  the  carbon  in  1 lb. 
of  the  fuel  by  8080,  and  that  of  the  hydrogen  by  34,4°°,  ™hen  the  sum 
or  the  products  would  represent  the  theoretical  calorific  value  Rut  it 
the  fuel  contains  oxygen  already  combined  with  it,  the  calorific  value 
will  be  diminished,  since  less  oxygen  will  be  required  from  the  an. 
For  example,  1 lb.  of  wood  contains  0.5  lb.  of  carbon,  0.06  of  hydrogen, 
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and  0.44  of  oxygen.  Now,  oxygen  combines  with  one-eiglith  of  its 
weight  of  hydrogen  to  form  water,  so  that  the  0.44  lb.  of  oxygen  will 
convert  .44  4- 8 = .055  of  the  hydrogen  into  water,  without  evolution  of 
available  heat,  leaving  only  0.005  available  for  the  production  of  heat. 
The  calorific  value  of  the  wood,  therefore,  would  be  represented  by  the 
sum  of  0.005  x 344°°  (=  172)  and  0.5  x 8080  ( = 4040),  which  would 
amount  to  4212 ; or  x lb.  of  wood  should  raise  4212  lbs.  of  water  from 
o°  C.  to  i°  C. 

These  considerations  lead  to  the  following  general  formula  for  calcu- 
lating the  calorific  value  of  a fuel  containing  carbon,  hydrogen,  and 
oxygen,  where  c,  h,  and  0,  respectively  represent  the  carbon,  hydrogen, 
and  oxygen  in  1 grain  of  fuel. 

The  calorific  value  (or  number  of  lbs.  of  water  which  might  be 
heated  by  the  fuel  from  o°  C.  to  i°  C.)  = 8080  c + 34400  (h  — ^ | or 


8080  c + 34000  h — 4300  0. 

The  calorific  value  of  a fuel,  as  determined  by  experiment,  is  gene- 
rally less  than  would  be  calculated  from  its  chemical  composition,  in 
consequence  of  the  absorption  of  a certain  amount  of  heat  attending 
the  chemical  decomposition  of  the  fuel.  In  the  case  of  compounds  of 
carbon  and  hydrogen,  it  has  been  observed  that  even  when  they  have 
the  same  composition  in  100  parts,  they  have  not  of  necessity  the  same 
calorific  value,  the  latter  being  affected  by  the  difference  in  the  arrange- 
ment of  the  component  particles  of  the  compound,  which  causes  a 
difference  in  the  quantity  of  heat  absorbed  during  its  decomposition. 
Thus,  olefiant  gas  (CgH4)  and  cetylene  (C|GII.|2)  have  the  same  percent- 
age  composition,  and  their  calculated  caloiific  values  would  be  identical, 
but  the  former  is  found  to  produce  11,858  units  of  heat,  and  the  latter 
only  11,055.  As  a general  rule,  however,  it  is  found  that  the  calorific 
values  of  the  hydrocai'bons  which  contain  a multiple  of  C!H„,  agree 
more  neaiiy  with  the  calculated  numbei's  than  do  those  of  lrydrocar- 
bons  which  belong  to  the  mai’sh-gas  sex’ies. 

It  must  be  remembered  that  the  caloiific  value  of  a fuel  represents 
the  actual  amount  of  heat  which  a given  weight  of  it  is  capable  of 
producing,  and  is  quite  independent  of  the  manner  in  which  the  fuel 
is  burnt.  Thus,  a hundredweight  of  coal  will  produce  precisely  the 
same  amount  of  heat  in  an  ordinai’y  grate  as  in  a wind-furnace, 
though  in  the  former  case  the  fire  will  scarcely  be  capable  of  melt- 
ing copper,  and  in  the  latter  it  will  melt  steel.  The  difference  re- 
sides  in  the  temperature  or  calorific  intensity  of  the  two  fires : in  the 
wind-furnace,  through  which  a rapid  draught  of  air  is  maintained  by  a 
chimney,  a much  greater  weight  of  atmosphei'ic  oxygen  is  brought  into 
contact  with  the  fuel  in  a given  time,  so  that,  in  that  time,  a greater 
weight  of  fuel  will  be  consumed  and  more  heat  will  be  produced  ; hence 
the  fire  will  have  a higher  temperature,  for  the  temperature  represents, 
not  the  quantity  of  heat  present  in  a given  mass  of  matter,  but  the  in- 
tensity or  extent  to  which  that  heat  is  accumulated  at  any  particular 
point.  In  the  case  of  the  wind-furnace  here  cited,  a further  advantage 
is  gained  from  the  circumstance  that  the  rapid  draught  of  air  allows  a 
given  weight  of  fuel  to  be  consumed  in  a smaller  space,  and,  of  course, 
the  smaller  the  area  over  which  a given  quantity  of  heat  is  distributed, 
the  higher  is  the  temperature  within  that  area  (as  exemplified  in  the  use 
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of  the  common  burning-glass).  In  some  of  the  practical  applications 
of  fuel,  such  as  heating  steam-boilers  and  warming  buildings,  it  is  the 
calorific  value  of  the  fuel  which  chiefly  concerns  us • but  the  case  is 
different  where  metals  are  to  be  melted,  or  chemical  changes  to  be 
brought  about  by  the  application  of  a very  high  temperature,  foi  it  is 
then  the  calorific  intensity,  or  actual  temperature  of  the  burning  mass, 
which  has  to  be  considered.  No  accurate  method  has  yet  been  devised 
for  determining  by  direct  experiment  the  calorific  intensity  of  fuel,  ant 
it  is  therefore  ascertained  by  calculation  from  the  calorific  \ alue. 

Let  it  be  required  to  calculate  the  calorific  intensity,  or  actual  tempera- 
ture, of  carbon  burning  in  pure  oxygen  gas. 

Twelve  lbs.  of  carbon  combine  with  32  lbs.  of  oxygen,  producing  44  3s. 
of  CO„;  hence  1 lb.  of  carbon  combines  with  2.67  lbs.  of  oxygen,  pro- 
ducing 3.67  lbs.  of  CO..  It  has  been  seen  above  that  1 lb.  of  carbon 
evolves  8080  units  of  heat,  or  is  capable  of  raising  8080  lbs  of  water 
from  o°  to  i°  C.,  or,  on  the  supposition  that  the  water  would  bear  such 
an  elevation  of  temperature,  and  that  its  specific  heat  would  remain  con- 
stant, the  x lb.  of  carbon  would  raise  1 lb.  of  water  from  o to  8080  C. 
If  the  specific  heat  (or  heat  required  to  raise  1 lb.  through  1 -see  page 
4^2)  of  CO„  were  the  same  as  that  of  water,  8080  divided  by  3.67  wou  ( 
represent  the  temperature  to  which  the  3.67  lbs.  of  CO  would  be  raised, 
and  therefore  the  temperature  to  which  the  solid  carbon  producing  1 
would  be  raised  in  the  act  of  combustion.  But  the  specific  eat  o eai 
bonic  acid  gas  is  only  0.2163,  so  that  a given  amount  of  heat  would  raise 
1 lb.  of  CO.,  to  nearly  five  times  as  high  a temperature  as  that  to  winch 

if.  wrvnlrl  vn/isA  T Ilf),  of  W8»t6r. 
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Dividing  the  8080  by  2.97  C 've  obtain  2 1 ~o 
number  of  degrees  through  which  these  gases  w 
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combustion,  i.e.,  for  the  calorific  intensity  of  carbon  burning  in  air. 
By  heating  the  air  before  it  enters  the  furnace  (as  in  the  hot-blast  iron 
furnace),  of  course  the  calorific  intensity  would  be  increased  ; thus,  if  the 
air  be  introduced  into  the  furnace  at  a temperature  of  600  ' F.,  it  might 
lie  stated,  without  serious  error,  that  the  temperature  producible  in  the 
furnace  would  be  5528°  F.  (4928°  + 6oo°.).  The  temperature  might  be 
further  increased  by  diminishing  the  area  of  combustion,  as  by  employ- 
ing very  compact  fuel  and  increasing  the  pressure  of  the  blast. 

In  calculating  the  calorific  intensity  of  hydrogen  burning  in  air,  from 
its  calorific  value,  it  must  be  remembered  that,  in  the  experimental  deter- 
mination of  the  latter  number,  the  steam  produced  in  the  combustion 
was  condensed  to  the  liquid  form,  so  that  its  latent  heat  was  added  to- 
the  number  representing  the  calorific  value  of  the  hydrogen ; but  the 
latent  heat  of  the  steam  must  be  deducted  in  calculating  the  calorific  in- 
tensity, because  the  steam  goes  off  from  the  burning  mass  and  carries 
its  latent  heat  with  it. 

One  lb.  of  hydrogen,  burning  hi  air,  combines  with  8 lbs.  of  oxygen, 
producing  9 lbs.  of  steam,  leaving  26.77  lbs.  of  atmospheric  nitrogen, 
and  evolving  34400  units  of  heat. 

It  has  been  experimentally  determined  that  the  latent  heat  of  steam 
is  5370  C.,  that  is,  1 lb.  of  water,  in  becoming  steam,  absorbs  537  units 
of  heat  (or  as  much  heat  as  would  raise  537  lbs.  of  water  from  o°  to  1°  C.)- 
without  rising  in  temperature  as  indicated  by  the  thermometer.  The 
9 lbs.  of  water  produced  by  the  combustion  of  1 lb.  of  hydrogen  will 
absorb,  or  render  latent,  537  x 9 = 4833  units  of  heat.  Deducting  this 
quantity  from  the  34400  units  evolved  in  the  combustion  of  1 lb.  of 
hydrogen,  there  remain  29567  units  of  heat  available  for  raising  the 
temperature  of  the  9 lbs.  of  steam  and  26.77  lbs.  of  atmospheric  nitrogen. 
The  specific  heat  of  steam  being  0.480,  the  number  (0.480  x 9 = ) 4.32 
represents  the  quantity  of  heat  required  to  raise  the  9 lbs.  of  steam 
through  1°  C. ; and  the  specific  heat  of  nitrogen  (0.2438)  multiplied  by 
its  weight  (26.77  lbs.)  give  6.53  units  of  heat  required  to  raise  the 
26.77  lbs.  of  nitrogen  through  i°  C.  By  dividing  the  available  heat 
(29567  units)  by  the  joint  quantities  required  to  raise  the  steam  and 
nitrogen  through  iJ  C.  (4.32  + 6.53  = 10.85),  we  obtain  the  number 
2725  ('■  (4937 ° F-)  for  the  calorific  intensity  of  hydrogen  burning  in 
air. 

The  method  of  calculating  the  calorific  intensity  of  a fuel  composed  of  carbon  r 
hydrogen,  and  oxygen  will  now  be  easily  followed. 

Let  c and  U respectively  represent  the  weights  of  carbon  and  hydrogen  in  1 lb. 

of  fuel,  and  o that  of  oxygen.  Then  £ = weight  of  hydrogen  required  to  convert 

8 

the  oxygen  into  water,  and  h - ''  represents  the  hydrogen  which  is  available  for' 

8 

the  production  of  heat.  8080  c + 34400  (li  — represents  the  calorific  value  in 
0 C.,  = 8080  c + 34400  7t  - 4300  o. 

2.67  c = atmospheric  oxygen  consumed  by  the  carbon  ; 8 (h  - £)  or  S h - 0 = 

x o/ 

atmospheric  oxygen  consumed  by  the  hydrogen  available  as  fuel. 

3.34  (2.67  c + 8 li  — 0)  = atmospheric  nitrogen  = 8.92  c + 26.72  h — 3.34  o. 

Multiplying  this  by  the  specific  heat  of  nitrogen  0.2438,  we  obtain — 

2.17  c + 6.51  h — 0.81  o for  the  heat  required  to  raise  the  nitrogen  through  i°  C. 

0.794  c represents  the  quantity  of  heat  required  to  raise  the  CO„  through  1°  0.,- 
nnd  4.32  h is  the  heat  required  to  raise  the  steam  through  1°.  Accordingly,  the 
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available  heat,  80S0  c + 34400  h - 4300  0,  must  be  divided  by  0.794  c + 4-32  \ + 
(2.17  c + 6.51  h — 0.81  0),  or  2.96  c + 10.83  h — 0.81  0 in  order  to  obtain  the  calorific 

intensity.  . - 

Hence,  the  calorific  intensity,  in  centigrade  degrees,  of  a fuel  composed  ot 
carbon,  hydrogen,  and  oxygen,  is  represented  by  the  formula— 

8080  c + 34400  h - 4300  0 
2.96  c+  10.83  /t-0.81  o 

The  actual  calorific  intensity  of  the  fuel  is  not  so  high  as  it  should  he 
according  to  theory,  because  a part  of  the  carbon  and  hydrogen  is  con- 
verted into  gas  by  destructive  distillation  of  the  fuel,  and  this  gas  is  not 
actually  burnt  in  the  fire,  so  that  its  calorific  intensity  is  not  added  to 
that  of  the  burning  solid  mass.  Again,  a portion  of  the  carbon  is  con- 
verted into  carbonic  oxide  (CO),  especially  if  the  supply  of  ah’  be  im- 
perfect, and  much  less  heat  is  produced  than  if  the  carbon  were  converted 
into  carbon  dioxide ; although  it  is  true  that  this  carbonic  oxide  may  ie 
consumed  above  the  fire  by  supplying  air  to  it,  the  heat  thus  produced 
does  not  increase  the  calorific  intensity  of  temperature  of  the  fire  itself. 

One  lb.  of  carbon  furnishes  2.33  lbs.  of  carbonic  oxide.  These  2.33 
lbs.  of  carbonic  oxide  evolve,  in  their  combustion,  5599  units  of  heat. 
But  if  the  1 lb.  of  carbon  had  been  converted  at  once  into  carbon  dioxide, 
it  would  have  evolved  8080  units  of  heat,  so  that  8080  — 5599,  or  2481, 
represents  the  heat  evolved  during  the  conversion  of  1 lb.  of  carbon  into 
carbonic  oxide,  showing  that  a considerable  loss  of  heat  in  the  /fie  is 
caused  by  an  imperfect  supply  of  air.  It  has  been  already  pointed  out, 
in  the  section  relating  to  Coal,  that  the  formation  of  carbonic  oxic  e is 
sometimes  encouraged  with  a view  to  the  production  of  a flame  from 
non-flaming  coal,  such  as  anthracite. 

The  actual  calorific  intensity  of  fuel  is  diminished  by  the  heat  con- 
sumed in  bringing  the  portion  of  fuel  yet  unconsumed,  as  well  as  t le 
surrounding  parts  of  the  grate,  up  to  the  temperature  of  the  fire.. 

The  following  table  exhibits  the  average  percentage  composition  of 
the  principal  varieties  of  fuel  (exclusive  of  ash),  together  with  their  cal- 
culated calorific  values  and  intensities  : — 




1 

Calorific 

Carbon, 

Hydrogen. 

Oxygen. 

Nitrogen. 

Sulphur. 

Value. 

Intensity. 

Wood  (Oak)  . 

Peat 

Lignite  (Bovey)  . 
Bituminous  coal  . 
Charcoal 
Anthracite  . 

50.18 

6i53 

67.86 
79-38 
90.44 

91.86 

6.08 

5-64 

5-75 

5-34 

2.91 

3-33 

43-74 

32.82 

23-39 

13.01 

6.63 

3.02 

0.57 

1.85 

0.84 

2.41 

0-39 

O.92 

42I2°  C. 

5654 

6569 

7544 

S003 

8337 

2380°  C. 

2547 

2628 

2694 

2760 

2779 

Coke 

Petroleum 

97-34 

85.00 

0.49 

13.00 

0.97 
2.00  | 

1.20 

8009 
1401 1* 

2761 

In  all  ordinary  fires  and  furnaces,  a large  amount  of  heat  is  wasted  111 
the  current  of  heated  products  of  combustion  escaping  from  the  chimney 
Of  course,  a portion  of  this  heat  is  net pessary  m order  to ' P™d™e  the 
draught  of  the  chimney.  In  boiler  furnaces  it  is  found  that  foi  this 
purpose,  the  temperature  of  the  air  escaping  from  the  chimney  must 
Se lower  than  from  500°  to  600°  F.  If  the  fuel  could  be  consumed 
» Calculated  for  gaseous  carbou  (see  p.  461). 
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by  supplying  only  so  much  air  as  contains  the  requisite  quantity  of 
oxygen,  a great  saving  might  be  effected,  hut  in  practice  about  twice 
the  calculated  quantity  of  air  must  be  supplied  in  order  to  effect  the 
removal  of  the  products  of  combustion  with  sufficient  rapidity. 

Much  economy  of  fuel  results  from  the  use  of  furnaces  constructed 
on  the  principle  of  Siemens’  regenerative  furnace , in  which  the  waste 
heat  of  the  products  of  combustion  is  absorbed  by  a quantity  of  fire- 
bricks, and  employed  to  heat  the  air  before  it  enters  the  furnace,  two 
chambers  of  firebricks  doing  duty  alternately,  for  absorbing  the  heat 
from  the  issuing  gas,  and  for  imparting  heat  to  the  entering  air,  the 
current  being  reversed  by  a valve  as  soon  as  the  firebricks  are  strongly 
h eated. 

It  was  shown,  at  page  89,  that  the  true  calorific  value  of  carbon  in 
the  state  of  gas  is  11214,  instead  of  8080,  as  in  the  case  of  solid  carbon. 
Hence,  in  calculating  the  calorific  value  and  intensity  of  gaseous  or 
vaporous  fuel  containing  carbon,  the  number  1 12 14  must  be  substituted 
for  8080.  Moreover,  in  burning  gas  or  vapour,  heat  is  not  so  freely  im- 
parted to  the  solid  material  of  the  furnace,  so  that  recent  advances  in 
the  economy  of  fuel  for  producing  high  temperatures  have  been  in  the 
direction  of  employing  gaseous  fuel,  such  as  that  from  Siemens’  j producers , 
or  vapours,  such  as  that  of  petroleum. 

A very  useful  formula  for  calculating  the  value  of  coal  is  that  of 
Cox-nut;  Q = 8o8oC' + 1 1214C"  + 34462H,  where  Q = quantity  of  heat, 
C'  = carbon  left  as  coke  on  distilling  the  coal,  and  C"  = carbon  con- 
tained in  the  volatile  products. 

If  much  oxygen  is  present,  one-eiglith  of  its  weight  must  be  de- 
ducted from  the  hydrogen. 

(For  the  principles  of  smoke  prevention,  and  other  particulars  of  the 
chemistry  of  fuel,  see  Coal.) 
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314.  Tlie  division  of  chemistry  into  inorganic  and  organic  was  ori 
ginally  intended  to  distinguish  mineral  substances  from  those  derived 
from  animal  and  vegetable  life ; but  since  many  of  the  latter  may  now 
be  produced  in  the  laboratory  from  the  elements  obtainable  from  mineral 
sources,  it  has  become  usual  to  define  organic  chemistry  as  the  chemistry 
of  the  compounds  of  carbon,  since  this  element  is  always  present  in  the 
substances  formerly  spoken  of  as  organic. 

Organic  chemistry  differs  from  inorganic  in  being  chiefly  concerned 
with  the  compounds  produced  by  the  arrangement,  in  different  pio- 
portions  or  in  different  positions,  of  the  elements  carbon,  hydrogen, 
oxygen,  and  nitrogen,  though  the  other  elements  occasionally  enter  into 

the  composition  of  organic  compounds.  _ _ ■ 

A useful  practical  distinction  between  organic  and  inorganic  sub- 
stances is  afforded  by  their  behaviour  when  heated.  An  organic  substance 
is  either  converted  into  vapour  when  moderately  heated,  or  is  decom 
posed  into  volatile  products,  generally  leaving  a residue  of  charcoal, 

which  burns  away  when  heated  in  air. 

Upon  this  is  based  the  ultimate  analysis  of  organic  compounds  tor  the 
purpose  of  ascertaining  the  relative  proportions  of  their  elements. 

The  making  a combustion,  as  it  is  technically  called,  consists  in  burning  the  organic 
compound  so  as  to  convert  its  carbon  into  CO,  and  its  hydrogen  into  H,0,  from 
the  weight  of  which  the  proportions  of  those  elements  are  obtained  by  calculation 
The  substance  to  be  analysed,  having  been  carefully  dried  and  weighed  (about 
o.  5 grin.),  is  placed  in  a small  boat-shaped  tray  of  porcelain  or  platinum,  which  is 


Fig.  270.— Apparatus  for  organic  analysis. 

• +i-nri nppd  into  one  end  of  a glass  tube  about  30  inches  long,  of  which  about 
introdu  small  fragments  of  carefully  dried  cupric  oxide.  1 he 

24 1'1  f The  tube  where  the  boat  is  placed  is  connected  with  an  apparatus  for  trans- 
end  of  the  tube  here  bLn  purified  from  CO„  by  passing  through  potash, 

mitting  or  oxyg alcium  chloride.  To  the  other  end'of  the  tube  is  attached,  by 
and  from  H O by  calcmm  cmo  fiUed  with  small  fragments  of  calcium 

a perforated  cork  a weighed^  & caoutchouc  tube,  a bulb- 

chloride  to | I g > ,r  potasb  t0  absorb  CO,,  and  a small  guard-tube 

XSolumcSS  toVev«i!  loss  ol  water  from  the  potash.  The  potMM, 
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and  guard-tube  are  accurately  weighed.  The  combustion-tube  is  supported  in  a 
charcoal-  or  gas-furnace,  and  that  portion  which  contains  the  cupric  oxide  is 
heated  to  redness.  The  end  containing  the  boat  is  then  gradually  heated,  so  that 
the  organic  substance  is  slowly  vaporised  or  decomposed.  The  vapour  or  the 
products  of  decomposition,  in  passing  over  the  red-hot  cupric  oxide,  will  acquire 
the  oxygen  necessary  to  convert  the  C into  CO,  and  the  H into  H20,  which  are 
absorbed  in  the  potash-bulbs  and  calcium-chloride  tube.  At  the  end  of  the 
process,  which  commonly  occupies  about  an  hour,  a slow  stream  of  pure  air  or 
oxygen  is  passed  through,  whilst  the  entire  tube  is  red  hot,  in  order  to  burn  any 
charcoal  which  may  remain  in  the  boat,  and  to  carry  forward  all  the  CO.,  and 
H20  into  the  absorption  apparatus.  The  weight  of  the  CO,  is  given  by  the 
increase  in  weight  of  the  potash-bulbs,  and  that  of  H,0  by  that  of  the  calcium 
chloride. 

In  some  cases,  it  is  preferable  to  mix  the  substance  with  a large  quantity  of 
powdered  cupric  oxide,  so  that  the  mixture  may  occupy  about  twelve  inches  of 
an  eighteen-inch  tube  (fig.  270), 
with  a layer  of  three  inches  of 
cupric  oxide  before  and  behind 
it.  The  hinder  end  of  the  tube 
is  then  often  drawn  out  and 
sealed,  as  at  D,  the  point  being 
broken  off  when  the  combustion 
is  finished,  and  a slow  stream 
of  air  drawn  through  by  gentle 
suction  at  the  opening  (E)  of  the 
potash-bvdbs.  In  the  case  of 
substances  difficult  of  combus- 
tion, the  cupric  oxide  is  replaced  by  lead  chromate,  PbCrO,,  which  evolves  oxygen 
when  heated. 

When  nitrogen  is  present  in  the  substance,  it  may  be  partly  converted  into 
N._,03  or  NO,,  which  would  increase  the  weight  of  the  absorption-apparatus.  To 
avoid  this,  three  or  four  inches  of  the  front  end  of  the  combustion-tube  are  filled 
with  metallic  copper,  which,  being  heated  to  redness,  absorbs  the  O from  the 
N.,0;t  or  NO,,  leaving  N,  which  passes  through  the  absorption-apparatus  and 
escapes.  When  it  is  desired  to  make  a determination  of  the  nitrogen,  the  com- 
bustion-tube is  arranged  in  the  same  way,  but  the  absorption-apparatus  is  replaced 
by  a bent  tube  to  permit  the  collection  of  the  gas  in  a measured  tube  filled  with 
strong  potash.  Before  commencing  the  combustion,  the  air  is  swept  out  of  the 
tube  by  a stream  of  pure  CO,,  which  is  continued  during  the  combustion,  and  is 
absorbed  by  the  potash,  the  nitrogen  being  collected  and  measured. 

Another  method  of  estimating  nitrogen  in  organic  substances  consists  in  heat- 
ing them  with  a mixture  of  hydrates  of  sodium  and  calcium  ( soda-lime ),  when  the 
N is  evolved  as  NH3,  which  is  absorbed  by  hydrochloric  acid,  and  precipitated  by 
platinic  chloride,  the  weight  of  N being  calculated  from  that  of  the  PtCT4.2NH,Cl 
obtained. 

Sulphur  and  phosphorus  are  estimated  in  organic  compounds  by  converting 
them  into  sulphuric  and  phosphoric  acids  by  the  action  of  powerful  oxidising 
agents  (nitric  acid,  chloric  acid,  bromine,  &c.),  and  determining  these  acids  by 
the  usual  methods. 

The  proportion  of  oxygen  in  an  organic  substance  is  generally  ascertained  by 
difference,  that  is,  by  deducting  the  sum  of  the  weights  of  all  the  other  elements 
from  the  total  weight  of  the  substance. 

As  an  example  of  the  ultimate  analysis  of  an  organic  compound,  that  of  alcohol 
may  be  given  (volatile  liquids  are  weighed  in  a small  glass  bulb  with  a thin 
stem,  the  end  of  which  is  sealed  for  weighing,  and  broken  off  when  the  bulb  is 
introduced  into  the  combustion-tube) : — 

.5  grm.  alcohol,  burnt  with  cupric  oxide,  as  above,  gave  .9565  grin.  CO,  and 
.5869  grm.  H,0. 

Since  44  grms.  CO,  contain  12  grms.  C.,  of  .9565,  or  .2608,  is  the  weight 
of  C found. 

Since  18  grms.  H.O  contain  2 grms.  IT,  T>  of  .5869,  or  .0652,  is  the  weight 
of  If  found.  0 

1 he  sum  of  the  C and  H is  .2608  + .0652,  or  .3260.  Deducting  this  from  .5  grm. 
alcohol,  we  have  .174  grm.  for  the  weight  of  0 contained  in  it. 
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So  that  .5  grm.  alcohol  contains — 

.2608  grin,  carbon  or  52.16  percent. 

.0652  ,,  hydrogen  ,,  13.04  ,, 

.1740  „ oxygen  „ 34.80  „ . . , . , 

It  is  usual  to  express  the  results  of  such  an  analysis  in  an  empirical  form^a 
which  gives,  in  the  simplest  form,  the  relative  numbers  of  atoms  of  the  elements 

present.^  ^ empirical  formula  from  the  percentage  composition,  we  divide 

the  percentage  of  each  element  by  its  atomic  weight,  and  express  the  ratio  of  the 

resulting  quotients  in  its  lowest  terms  ; thus—  _ 

52.16  divided  bv  12  gives  4.34  atomic  weights  of  carbon 
13.04  „ 1'  „ 13-04  » » hydrogen 

2a  80  16  „ 2.17  „ oxygen  _ 

If  the  ratio  4.34  : 13.04  : 2.17  be  expressed  in  its  lowest  terms,  it  becomes 
-?  • 6 ' 1,  giving  for  the  empirical  formula  of  alcohol,  C.,H8U.  ~ ,, 

" The  question  now  arises  whether  this  formula  is  a true  represenationofthe 
molecule  or  indivisible  particle  of  alcohol  or  whether  the  molec^ 

- ■"  ~ ox  CfiHls03,  or  in  any  other  form  which  would  preserve  the  ratio 


written  C4H,„0 


established  beyond  dispute  by  the  above  analysis.  # . . 7 ~ 7 

' 316.  To  deduce  the  molecular  formula  of  a compound  from  its  emjnricaZ 

we  must  determine  the  molecular  weight  of  the  compound,  for  it  is  eindent  that 
ue  musu  aet  t£e  formula  C,HuO  represents  2 atoms  of  C, 

weighing  12  x 2,  6 atoms  of  H,  weighing  1x6, 
and  1 atom  of  0,  weighing  16;  the  sum  of 
these  numbers,  or  46,  would  be  the  weight 
of  alcohol  represented  by  C,H60,  whereas  the 
formula  C4H120.,  would  express  46  x 2 parts 
by  weight,  and  C6H1S03  would  express  46  x 3 
parts  by  weight  of  alcohol.  . 

The  molecular  weight  of  a compound  is  that 
weight  which,  when  converted  into  vapour, 
occupies  the  same  volume  as  two  parts  by 
weight  of  hydrogen  at  the  same  temperature 
and  pressure  (see  p.  3).  Hence,  one  metho 
of  determining  the  molecular  weight  of  a com- 
pound is  to  convert  a definite  weight  ot  it 
into  vapour,  and  to  compare  the  volume  of 
the  vapour  with  that  which  an  equal  weight 
of  hydrogen  would  occupy  at  the  same  tem- 
perature and  pressure.  . 

1 The  operation  is  termed  the  determination 
of  vapour -density.  The  easiest  method  of 
effecting  it  is  that  of  Victor  Meyer,  111  which 
a weighed  quantity  of  the  substance  is  con- 
verted into  vapour  in  a vessel  containing  air, 
and  the  volume  of  air  displaced  by  the  vapour 
is  collected  and  measured.  . . 

Take,  for  example,  the  determination  ot 
the  vapour-density  of  alcohol.  . 

Thevaporising-tube  (6,  fig.  272),  well  closed 
by  a cork,  is  heated  in  the  cylinder  of  boiling 
water  (a)  as  long  as  any  bubbles  of  air  pass 
from  the  opening  of  the  delivery-tube  («) 
through  the  water  in  the  trough.  The  end 
of  the  delivery-tube  is  then  inserted  into  the 
measured  tube  (/),  which  is  full  0 wa  e • 
About  0.1  grm.  of  alcohol  is  weighed  out  in 
a small  tube,  which  is  dropped  into  the  open- 
ing of  the  vaporising-tube,  this  being  then 
quickly  corked.  A little  asbestos  is  placed 

at  the  bottom  of  the  vaporising-tube(c)  to  p^[ef  ^^^gne;  wllich  is  collected  in 
The  alcohol-vapour  expels  a volume  of  an  eqnal  ten for  temperature 

the  form  ofvapour 


Fig.  272.— Victor  Meyer’s  apparatus. 
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having  been  thus  ascertained,  the  vapour-density  may  be  calculated.  For 
example,  o.  1 grm.  of  alcohol  expelled  48.5  c.c.  of  air  corrected  to  o°  and 
Bar'  Hence>  supposing  that  alcohol  could  retain  the  state  of  vapour 
at  that  temperature  and  pressure,  48. 5 c.c.  of  alcohol  vapour  would  weigh  o 1 ° rm 
Now,  0.1  grm.  of  hydrogen  measures  1116  c.c.  at  o°  and  760  mm.  So  that"’ the 

vapour-density  of  alcohol,  referred  to  hydrogen  as  the  standard,  is  r = 23,  or 

by  °f  ?lcoho1  vaPour  occupy  the  same  volume^5  r part  of 

b^pu°gen’  S0  t^iat  ^ ie  “Oscular  weight  of  alcohol  is  23  x 2,  or  46. 

„.  alo°ho1  was  found  to  contain  (p.  464),  in  100  parts,  52.16  C,  13.04  H,  and 
j4-8  0 ; the  weight  of  each  element  contained  in  the  molecule  or  a6  narts  l»v 
weight,  of  alcohol  will  be  found  by  the  proportions-  ’ 4 1 tS  bj 

100  : 46  : : 52.16  : 23.994  C in  a molecule  of  alcohol 

„ „ 13.04  : 5.998  H 

>.  ,,  34-8  : 16.008  0 

These  numbers  are  sufficiently  near  to  24  or  two  atoms  of  C,  6 atoms  of  H and 
r6,  or  one  atom  of  0,  showing  that  the  molecular  formula  of  alcohol  is  C.H.a 
n the  case  of  a substance  which  cannot  be  converted  into  vapour  without 
decomposition,  the  molecular  weight  is  inferred  from  a consideration  of  The 
chemical  relations  of  the  substance,  audits  determination  is  sometimes  a difficult 
matter  The  general  character  of  the  method  will  be  seen  from  the  folio wino 
example,  selected  on  account  of  its  simplicity,  though  referrin°-  to  a substance 
which  may  be  vapourised  without  decomposition.  0 substance 

Determination  of  the  molecular  formula  of  an  acid.— The  substance  vieldpd  rm 
combustion  with  cupric  oxide,  in  100  parts-carbon  40,  hydrogen  b ef  oxv 

the  acid?  ; Iea“  CH=°  “ the  SimPIest  empirifal 

By’ neutralising  the  acid  with  ammonia,  and  stirring  with  solution  of  cip.-m- 
££  J crystalline  silver  salt  was  obtained,  which  w^s  purified  ty  recall 

l1  h,ot  YateD  drifd,  weighed  in  a porcelain  crucible  of  hTS‘ 

and  gradually  heated  to  redness.  On  again  weighing  the  ernnihlp  f ’ 

itself  minus  a quantity  of  hydrogen  equivalent  to  the  silver.’  P ' * th  d 

From  the  silver  salt  ...  Inn  nn 

Deduct  the  silver  ....  64.66 


Acid  residue  . 

Then  64.66  Ag  • 108  { A<J  in  one  mole- 1 
l cule  of  the  salt  f 

To  the  acid  residue  .... 

Add  the  hydrogen  equivalent  to  an  atom  of  Ag  1 


35-34 


• 35-34 

f acid  residue  in 
; one  molecule 


( 


Molecular  weight  of  the  acid 


ui  mu  acici  . . 60 

he  formula  OH  ° represent  12  + 2+16  = 30.  Hence  the  molecular  formula  is 

- **  “ * ->«• 

crystalline  nror-indT  m & ochloi ic  acid  and  adding  platinic  chloride,  a yellow 
formed  when  ammonia  resembli,1S  the  ammonio-platinic  chloride 

with  alcohol  ririo  1 . -1Si  tl,eate<^  ln  tbe  same  way.  This  precipitate  was  washed 

it  left  a re sirh ip  nf  ’ WG+go?d  \U  a Porcelain  crucible,  and  heated  to  redness,  when 
weight  of  thp  ■ if  m.eta  ic  P^atlnum,  which  amounted  to  32.98  per  cent,  of  the 
combination  ofPtCl  "tvith  generalru1®’  a platinum-chloride  salt  is  formed  by  the 
case  of  thP  n 5 1 • * ' +-  tW°  rnoleci,les  of  the  hydrochloride  of  the  base  • in  the 

case  ot  the  ammomo-pia-timc  chloride,  the  formula  is  PtCl  2fNH  uni  .’ 

usk  s. sSSP*  - 


H H 
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From  tho  \\Uuxnum  salt 

IXxluet  tho  platinum 

Remainder 


HXXOO 

: ■ oS 

O'. CO 


v n’t  i«  'M>o  UH'lo-'  ..  oS'AOO.t 

Then  67.0*  PI  l *97  loute  0f  the  salt  ) ' ' x ' 4 3 

Hence  J mols.  base  mols.  HCl  4-  4 atoms  v 1 *^*3 

IVduet  aHCl  < Cl,  al3'° 


0 


W . ■'  of  two  molecules  of  tho  lx\so 


».«Vn.  b >«i»  « S»if  'ixi"S  2?Tif  ttf 
S.4  «*>»»  vm*  rn*m -•«**»!»  iW!r  . 


Ivlov.giv.g  to  oaeh.  the  atomdixiug  power  ot  tlvo  chain  w ouhl  l <.  ,4  - .4 

c\'.'ivs$oi  by  C";. 


SJr^vf'tho^tw-o  tho  atom-firing  imr  would  bo 

■ 4-f  .'■  :’  hZTB&m.  - ' ■■■■■  ■■■  ■.  • . i»  » 

SfittK  ot  .».• « uu,st  "• *»  ”» •* 
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..  \.  : EiSSTfflSS** 

. toUviiW  teSl»,  Hi..."  tto  at.- ^-fixing  V>'W«*  »«« 

"V  »«.*  >'  ‘V™ "“i*"  o toltodns  .0  tho  Hy.W-.-n,  amt  .-  to  tt>o  oaygott.  1 to 
vV.o-  j.--  ~ -.  •••'  .v''b  o :s  (y  h (1  whore  tho  bjdngw  atoms  m tt  omu 
molonuar  tornn-.t  v t g „r ^ustK-  linked.'  0V\..  four  of  tho  six  atom- 
muubor,  tho  t wo  ottotv  ,t  • ' ( . . { )Ur  ,,f  hjttrojh'it-atotas.  aa.l 

' "'x'  y nbH’o^rtto  .'-V'oy  S;otitUo  sooottd  ».V... -fixing  P 

^ «£*  t«r  tho  attaohment  ot  oaoh  ot  tho  —> « 

hydrogen  atoms.  molecular  formula  of  a substance  is  seldom 

V : ;•:::::  ;^  It  which  shows  how 


reactions  of  thy n^' “turner  as  to  form  groups  which  may  be  exchanged  for 
linked  te  ther  u ' ' ^hred  from  other  compounds.  It  is  thus  that  tin 

?SSSTartifldal  production  of  organic  substances  has.  in  many  cases,  x 


arrived  at.  . . rational  or  structural  formula  oj  -Ihe 

Krxrmfl^  ,Uoohol  deduced  from  its  ultimate  analysts  and  vai*»ur- 

ruolecular  formula  elwnent3  au  united  so  as  to  form ;\no  indmalJ 

dettstty  was  ^ that  tho  alcohol  may  be  said  to  Iv  dmsitJte 

body  or  are  they  united  m ^ u aissohxxl  with  evolution  of 


from  tho  other  nre,  =*«'  ^ *'  *'  , 1 r H OH 
expressed  by  writing  tho  formula  k^OH. 
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Again,  when  alcohol  is  acted  on  by  hydrochloric  acid  gas,  and  distilled  at  n 
low  temperature  It  yields  water  and  a very  volatile  liquid  known  as  ethylic 
chloride,  having  the  composition  C.,H5C1.  This  decomposition  would  be  expressed 
Se  CI8o?q,UhatH?.',  0«H,OH  + HCl  = U.H.CI  + HOH,  tom  which  it  is  evideS  that 
rtinl  /w  ?Cih>a?  beenq  excha°ged  for  OH  in  the  alcohol,  leading  to  the  con- 
clusion  that  alcohol  is  made  up  of  at  least  two  separate  groups,  and  that  one  wav 
of  writing  its  rational  formula  is  C2H5.OH.  s m tnar  one  way 

“ th,e  existence  of  such  groups7  of  elements  which  accounts  for  the  production 
or  so  \ast  a number  of  organic  compounds  from  the  four  elements  C H N and  O 

70  e[ontnt=rga^.1C  COmpOUUds  reformed  by  the  different  combinations  of  about 
n°  frP  1 a rhe.  groups  into  which  the  four  organic  elements  may  be  arranged 
may  be  regarded,  in  some  sense,  as  new  elements,  and  they  are  often  referrecl  to 
as  luasi-eleinentanj  bodies  or  organic  radicals. 

318.  An  organic  radical  maybe  defined  as  a group  of  elements  which 
appears  unchanged  in  the  products  of  a reaction,  and  is  therefore  found 
on  both  sides  of  the  equation. 

to  naem^ory  ^ wing  examples  of  such  radicals  may  be  usefully  committed 
Hy  droxyl e~  occurring  in  Alcohols  and  phenols 

1 nrhovrlo  a • -t  x 


Carboxyle 
Carbonyle 
Cyanogen 
Nitroxyle 
Sulphonjde 
Amidogen 
Methyle 
Ethvle 
Amyle 
Phenyle 
Tolyle 
Acetyle 
Benzoyle 


HO 

CO.,H 

CO' 

CN 

NO., 

so.,:oh 

NIL, 

CH„" 

c,h; 

c5h„ 

C„H5 

CbH, 

c2h3o 

c7h5o 


Acids 
Ketones 

Cyanogen  compounds 
N itro-compounds 
Sulphonic  acids 
Amides 

Wood-spirit  derivatives 
Alcohol  n 

Potato-spirit  ,, 

Benzene  ,, 

Toluene  ,, 

Acetic 

- " Benzoic  ,,  o n w 

3*9-  % investigating  the  nature  of  the  radicals  contained  in  an 
d£n*  anCe’ Xt  may  genera11^  be  assigned  to  one  of  the  following 

(1)  Hydrocarbons,  composed  of  carbon  and  hydrogen  only  in  various 
inodes  of  grouping ; as  ethyl-hydride  or  ethane,  C H H * 

(2)  Alcohols,  composed  of  carbon,  hydrogen,' and  oxygen  and  con- 

ai( Al d e u v ns ° 16  (H0)  grouPsi  as  ethyl-alcohol,  CJL.HO. 

o*St^^^OP|^ydr^ted  alcohoIsi  Pro<incts  of  the  partial 
CH,  CO  H f alC°h0lSj  contammg  the  group  (CO.H)  ; as  ethyl-aldehyd 

conUmfn^onP^n6  products,  of  7the  further  oxidation  of  the  alcohols, 

gr°UpS’  C0=H  * as  acid> 

by  the  substitution  of  a hydro- 
coXuSp^L^  nner?H,m  the  carboxylei  so  that  the  ketones 
CH.COCH&  U b ’ l ce  tbe  aldehyd.s ; as  acetic  ketone  or  acetone, 

“ by  tbe  substitution  of  a com- 
^7o«^OH*c0.a  ‘he  h7drOTyle;  ™ ‘‘W*  Jdoride, 

“S  £3S£  S2&  ircfii 


h n 2 


468 


HYDROCARBONS. 


(8)  Ethereal  Salts  (or  esters),  formed  from  ‘ke  acids  *he 
stitution  of  a compound  radical  for  tire  hydrogen  in  the  oxatyle  Oio  p , 

by  the  substitution  of  a compound  ladicai  loi  nyt  & , 

RH  C acetamide,  NHs.C,H30.  . . , r,’\r  • ac  hvd,ro- 

(10)  Cyanogen  Compounds,  containing  the  group  C > • J 

cyanic  ^Vi,  aCN.  alcohols  in  composition,  by  containing 

for  the  chlorine  ; as  zinc  ethide,  Zn(C„±l5;2.  obtained  as  to  the 

In  cases  where  sufficient  evidence  has  not  been  obtarn«l  « ^ 

rational  formulas  of  compounds  they  are  or  m products  of 

t„a“^nP«^ 

of  mffiti|e  of  the  group,  HsO ; 

as  starch,  C6Hl0O5,  glucose,  C6H  06,  *£fch’ yieU^ucose  as  one  of  their 
he)  Glucosides,  or  compounds  which  yield  gmoos 

products  of  decomposition  ; as  gaining  C,  H, 

arC^mpte  Ech  expounds,  but  they  cannot  at  present 

be  represented  by  satisfactory  foimu  te.  f the  molecules  of 

Before  attempting  to  study  the  rrmer  str^ uctrmeffi  ^ ^ ^ 

organic  bodies  and  the  mec  rani.  emniricallv  the  natural  sources 

other,  it  will  be  desirable  to  e^nma. 1 methods  of  obtaining 

aem  "seful  tothe 

manufacturer  or  tire  chemist.  , 0f  tpe  hydrocarbons,  OH,,  is 

known  bHy  ~s  Z 

institutes  nearly  half  the  volume 

of  coal-gas.  _ —Sodium  acetate  is  heated  with  a mixtui'e 

Preparation  of  mat  s J b!aOH  = Na  C03  + C1I4. 

of  caustic  soda  ,“^^0  ^ the  mixture  less  fusible.  The  gas 
The  lime  is  added  ctaefly  to  render  ^ vapour.  To  prepare  pure 

lTha“h°3de  ffidide  is  acted  on  by  the  copper-zinc  couple  (see  p.  . ) 
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in  presence  of  water  or  alcohol ; CH.,1  + HOH  + Zn  = CIT.,11  -!-  Znl.OH. 
It  may  also  be  obtained  by  the  action  of  sodium  amalgam  on  carbon 
tetrachloride  in  the  presence  of  water  ; 

CC14  + 4N n.,  4-  4H  0 H ~ C l I j -j-  4XaCl  4N a 0 1 1. 

The  mercury  is  used  to  moderate  the  violent  action  of  the  sodium. 

Properties  of  marsh-gas. — [Nearly  inodorous;  its  sp.  gr.  is  only  0.56, 
whence  it  was  formerly  called  light  carburetted  hydrogen.  It  burns 
with  a pale  flame,  is  almost  insoluble  in  water,  but  dissolves  in  twice 
its  volume  of  alcohol.  It  has  been  liquefied  by  180  atm.  pressure  at 
— 110.* 


When  mixed  with  chlorine  and  exposed  to  sunlight,  a violent  reaction 
occurs,  and  often  an  explosion,  HC1  being  formed  and  C separated  ; but 
when  the  Cl  is  diluted  with  C02  and  allowed  to  act  gradually,  chlorine- 
substitutio7i-2)roducts  are  obtained. 


CH,  + Cl2=  HC1  + CH3C1  monocMorometliane 
CH4  + 2CI., = 2HCI  4-  CH„CI,  dichloromethane 
CH4  + 3C12  = 3HCI  + CHCI3"  chloroform 
CH4  + 4Gb = 4PICI  + CC14  tetrachloromethane 


The  Cl  in  these  compounds  is  not  precipitated  by  silver  nitrate  like 
the  Cl  in  ITC1  and  the  chlorides  of  the  metals. 

Methane  is  the  first  member  of  the  important  series  of  paraffin  hydro- 
carbons, so  named  after  a wax-like  substance  obtained  in  the  distillation 
of  coal  and  peat,  which  resisted  the  action  of  most  chemical  agents  and 
was  therefore  deemed  to  have  little  chemical  attraction  or  affinity 
(parurn,  affinis)  for  other  bodies. 

The  paraffin  hydrocarbons  all  contain  C and  II  in  the  proportion 
expressed  by  the  formula  C}iH.jn  + a,  where  n represents  any  whole 
number. 

They  constitute  the  greater  portion  of  the  liquids  known  as  petroleums 
and  paraffin  oils. 

Petroleum,  or  rock  oil , has  been  known  from  a very  early  period, 
though  it  has  but  recently  come  into  general  use.  It  is  found  in  nearly 
all  countries,  but  especially  at  Baku,  on  the  Caspian  Sea,  and  in  Canada 
and  Pennsylvania,  and  occurs  in  almost  all  geological  formations. 
t Tlie  oil  toells  discharge  large  volumes  of  gas  containing  IT,  CH4,  and 
^ {ethane),  which  are  used  for  heating  and  lighting  in  the  neigh- 
bouring district.  & & & 


The  liquid  pumped  out  of  the  wells  still  retains  a quantity 
l solution.  It  consists  chieflv  nf  momUoT'o  v.ov.o+i;,, 


01  emane 


which  a list  is  here  given — 
Methane 
Ethane 
Propane 
Butane 

Pentane 
Hexane 


3 given 

ch4 

c2h8 

gas 

11 

Heptane 

c,h18 

Boils 

98° 

c3hs 

11 

Octane 

c8h1s 

I250 

c4h10 

11 

Nonane 

CaH,0 

148° 

c5h12 

Boils  at 

38°  c. 

Decane 

Dodecane 

c10h.,2 

C.oH.,. 

1 68° 
202° 

CSH14 

70° 

Hexadecane  C18H3, 

278" 

” ueu  petroleum  is  distilled,  the  hydrocarbons,  ethane,  propane, 
and.  butane,  are  evolved  in  the  gaseous  state ; these  are  collected  and 
subjected  to  the  action  of  a condensing  pump,  which  liquefies  a portion 
01  them,  yielding  the  liquid  sold  as  cymogene,  which  is  used  in  freezing 
machines,  on  account  of  the  cold  produced  by  its  rapid  evaporation.  It 


Liquid  methane  lias  the  sp.  gr.  0.415  at  - 164°  C.  and  737  mm.  Bar. 
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consists  chiefly  of  butane,  C4H10.  The  liquid  constituents  of.  the  petro- 
leum are  separated  by  the  process  of  fractional  distillation , which  depends 
upon  the  difference  in  their  boiling  points.  The  portion  which  distils 
over  below  76°  C.  consists  chiefly  of  pentane  and  hexane,  and  is  sold  as 
'petroleum  spirit , or  petroleum  ether , and  used  for  dissolving  india-rubber, 
and  for  making  varnishes.  The  next  fraction  of  the  distillate  is  chiefly 
heptane , and  is  sold  for  burning  in  paraffin-lamps,  under  the  names 
benzoline,  paraffin  oil,  ox  mineral  sperm  oil.  The  oils  boiling  below  76  C. 
are  not  safe  for  burning  in  ordinary  lamps  because  they  so  easily  evolve 
vapour,  which  forms  an  explosive  mixture  with  air,  and  bursts  the 


lamp. 

The  temperature  at  which  the  hydrocarbon  evolves  enough  vapour  to  form  an 
inflammable  mixture  with  .the  air  above  it  is  termed  its  flashing-point.  No  xDaralnn 
oil  is  considered  safe  for  burning,  in  England,  which  kindles  from  a name 
brought  near  its  surface  when  it  is  heated  to  38°  C.  (ioo°  F.)  in  an  open  vessel;  a 
teacup  placed  in  a basin  of  hot  water  in  which  a thermometer  is  plungec , 
answers  for  a rough  test.  In  a closed  vessel,  where  the  vapour  more  rapidly 
accumulates  in  sufficient  quantity,  the  flashing-point  is  much  lower,  and  no  oil  is 
considered  safe  which  kindles  at  or  below  230  C.  (73°  F.)  in  a covered  vessel  when 
a flame  is  brought  near  its  surface  ; a small  beaker  covered  with  a piece  of  tin 
plate  having  a small  hole  for  introducing  a match,  may  be  placed  111  warm  watei 

for  the  close  test.  _ o r< 

That  portion  of  the  petroleum  which  distils  over  between  150  u, 

and  200°  0.,  consists  chiefly  of  nonane  and  dodecane,  and  is  used  for 

lubricating  machinery.  ■ . 

At  still  higher  temperatures,  the  liquid  which  distils  o\  er  consists 
of  hexadecane  and  other  hydrocarbons  richer  in  carbon.  These  form 
soft  solids,  like  vaselin,  those  containing  most  carbon  form  the  wax- 
like crystalline  solids  originally  termed  paraffin.  . 

Ozokerite,  or  mineral  wax , is  imported  from  Galicia,  Hungary,  and 
Russia,  for  the  manufacture  of  candles.  It  contains  S5  per  cent,  of 
carbon  and  15  of  hydrogen,  and,  when  purified  from  an  oil  useful  or 
illuminating  purposes,  consists  of  a group  of  solid  hydrocarbons  of  the 

marsh  gas  series,  melting  at  1 40°  F.  . . 

Boa-butter,  found  in  the  Irish  peat-mosses,  is  a similar  bod)  . Anotlie 
mineral  resembling  this,  found  in  New  South  Wales,  contained  So. 6 per 

cent  C n.6  H,  >5.5  N,  1.6  0,  and  6.7  of  ash.  . 

The  paraffin  hydrocarbons  are  also  obtained  by  distilling  certain 
minerals  allied  to  coal,  such  as  the  Torbane  Hill  mineral,  or  Boghead 
coal  found  at  Bathgate,  in  Scotland.  The  shale  oils  are  also  mixtures 
of  paraffins  obtained  by  distilling  bituminous  shales. 

T2i  On  the  small  scale,  the  process  of  fractional  distillation  for  the  separation 
f' poinds  of  different  boiling-points  is  conducted  in  a retort  (A,  fig.  273)  throug 
a thermometer  (T)  passes,  to  indicate  the  temperature  at 
1 • .1  flip  linn  id  boils  The  first  portion  which  distils  over  v ill,  of  COfi1 C° 
^MeSv T ^tharliquid  Which  has  the  lowest  boiling-point ; and  if  the  re- 
sist  cine  1 ’ , d it  stated  intervals  corresponding  to  a certain  rise  in  the 

tmTpntire  a series  of  liquids  will  be  obtained,  containing  substances  the 
boXg  poSis  of  Shlch  lie  within  the  limits  ot  temperature  between  which  the 

of  each  is  generally  fouM  0 c st  1 boiling  poiut  of  the  substance  of  which 

some  particular  temperature,  whic  receivers  be  again  changed  at  stated 

that  liquid  chiefly  consists ; and  if  the  bf  obtaiS  “he  boiling  points  oi 
intervals,  a second  senes  of  Aelperatuie.  It  will  be  evident 

£t  by  r^pSd  ^sSSions,  the  original  mixture  will  eventually  be  resolved 
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into  a number  of  liquids,  each  distilling  over  entirely  at  about  one  particular 
temperature  which  is  the  boiling  point  of  its  chief  constituent. 


Fig.  273. — Fractional  distillation. 


A simple  method  of  separating  liquids  which  have  different  boiling  points  con- 
sists in  distilling  them  in  a flask  (F,  fig.  274)  connected  with  a spiral  worm  (W) 
•of  glass  or  metal,  surrounded  by  water  or  oil  maintained  at  a temperature  just 
above  the  boiling  point  of  the  particular  liquid  which  is  required  to  distil  over. 
The  greater  part  of  the  less  volatile  liquids  will  condense  in  the  worm  and  run 


Fig.  274. — Refluxing  condenser. 


:>ack  into  the  flask.  Thus,  in  extracting  heptane  from  petroleum,  the  worm  might 
e surrounded  with  boiling  water,  when  the  octane,  &c.  would  be  partly  con- 
•ctensed  in  the  worm,  and  the  portion  which  passed  into  the  receiver  would  consist 
•chiefly  of  heptane. 

r 322.  Ethane , C.Jlc,  may  be  obtained  artificially  by  heating  methyl  iodide  with 
Zln®  ln  a sealed  tube;  2CHsI  + Zn=ZnI2+C2H6.  Hence  ethane  is  termed  di- 
methyl. It  resembles  methane  in  properties  but  is  more  easily  liquefied  (46  atm.), 
■it  is  about  twice  as  soluble  in  alcohol  as  methane. 

lropane , C3H8,  is  produced  by  the  action  of  strong  liydriodic  acid  (sp.  gr.  i.q) 
upon  giyeenn  at  2750  C. ; C3Hs03  (ylycerin)  + 6HI  = C,M,  + 3 11,0  + 3I,.  It  is  a gas 
lich  may  be  liquefied  at  about  - 30°  C.  at  the  ordinary  pressure. 
utane,  C4H10,  is  made  by  acting  on  ethyl  iodide  with  zinc  (not  in  excess)  in 
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a sealed  tube  heated  to  150°  C. ; 2C„H5I  + Zn  = ZnI2  + C4HI0.  It  is  much  more 
easily  condensed  to  a liquid  than  either  of  the  preceding  hydrocarbons,  and  is- 
much  more  soluble  in  alcohol.  Liquid  butane  boils  at  1 C.  and  is  the  lightest 
known  liquid,  its  sp.  gr.  being  only  0.6.  . . . 

Pentane,  C6H12,  occurs  in  the  products  of  distillation  of  coal ; it  is  liquid  below 
38°  C.  and  very  inflammable,  burning  with  a luminous  flame. 

Hexane,  CtlHu,  also  found  among  the  products  from  coal,  may  be  obtained  bi 
the  action  of  sodium  on  propyle  iodide  ; 2C3H7I  + Na2  = 2NaI  + C(iHu. 

Heptane,  C7HJB,  may  also  be  obtained  from  coal-tar  naphtha.  It  affoids  an 
example  of  a paraffin  obtained  directly  from  the  vegetable  kingdom,  for  it  may 
be  procured  by  distilling  the  exudation  of  the  Pinus  sabiniana,  or  nut-pine  of 
California.  It  is  used,  under  the  name  of  Abietene,  as  a substitute  for  benzene  in 

removing  grease  stains,  &c.  . , . 

Octane,  C8H13,  is  a liquid  prepared  by  decomposing  butyl  iodide  with  sodium  r 

20  H„I  + Na2  = 2NaI  + CSH1S. 

Nonane,  C9H.,0,  has  been  little  studied.  . . 

Decane,  C10H2,,  is  found  among  the  products  of  the  decomposition  of  the  solid 

paraffins  by  heat.  . . -cr  n \ • 

Doclecane,  C12H2G,  is  a liquid  obtained  when  potassium  cenanthate  (HC7H13U2)  in 

solution  is  decomposed  by  the  galvanic  current.  , , 

Hexaclecane,  C1(iH24,  is  a solid  which  fuses  at  21  C.  It  has  been  obtained  by 
tlie  action  of  sodium  amalgam  on  octyl  iodide  in  the  presence  of  water 
2CsH17I  + Na2  = 2NaI  + C1BH34 

(HI  would  be  formed,  as  an  intermediate  stage,  by  the  nascent  H from  the  HP)- 
There  is  some  reason  to  believe  that  hexadecane  is  one  of  the  components  ol 

attar  of  roses.  . , 

323.  Olefiant  gas,  ethylene,  or  ethene,  C„H4,  is  obtained  by  t lie  action 

of  powerful  dehydrating  agents  on  alcohol  3 C?H..0H  = C,H4  + HO  - 
It  may  be  prepared  by  heating  alcohol  with  twice  its  volume  ol  strong 
sulphuric  acid  3 secondary  changes  cause  a carbonisation  of  the  mixture,, 
and  the  ethene  is  accompanied  by  some  ether  vapour,  and  by  carbonic 
and  sulphurous  acid  gases  3 the  ether  may  be  removed  by  passing  it 
through  strong  sulphuric  acid,  and  the  acid  gases  by  potash  or  soda. 

Properties  of  ethene. — It  has  a faint  ethereal  odour,  sp.  gr.  0.97,  and 
is  liquefied  at  -no0  C.  Slightly  soluble  in  water  3 more  soluble  m 
alcohol.  Burns  with  a bright  luminous  flame,  which  renders  it  very 
useful  as  an  illuminating  constituent  of  coal-gas.  When  mixed  with 
chlorine,  ethene  combines  with  it  to  form  a fragrant  liquid  known  as- 
ethene  dichloride  or  Dutch  liquid,  CSH4C1S.  Bromine  forms  a ’similar 
compound  with  it.  Sulphuric  acid  slowly  absorbs  ethene,  forming 
C H.HS04,  sulphethylic  or  sulphovinic  acid,  from  which  alcohol  may  oe 
obtained  by  distillation  with  much  water  ; 

C2H.HS04  + IBO  = C2H5HO  + II2S04. 

Sulphuric  anhydride  absorbs  ethene  much  more  easily,  and  a strong 
solution  of  S03  in  H2S04  (fuming  sulphuric  acid)  is  employed  for 
absorbing  it  in  the  analysis  of  coal-gas.  The  compound  formed  bj  » * 

with  ethene  is  crystalline,  and  is  termed  carhyl  sulphate  or  ethionic 
rrnhvdride  0 H (SOA.  In  contact  with  water,  it  forms  ethionic  acid, 
I-I  (j  H S 0 and  when  this  is  boiled  with  water  it  yields  isetlnomc  acid 
HCHSO't  H 0 = H2S04  + HCaHsS04.  It  will  be  noticed  that 
isethionic  acid  has  the  same  composition  as  sulphethylic  acid,  but  it  is  a. 

m°In  presence11 o^platinum-black,  ethene  combines  with  hydrogen  to- 

fTmwieLgents,  such  as  nitric  anti  chromic  acids  convert  ethene 
into  oxidised  bodies  containing  two  carbon  atoms,  such  as  oxalic  aca  , 
C H204,  aldehyd,  CaII.40,  and  acetic  acid,  l,H4<J„. 
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From  the  above  description  of  the  properties  of  ethene,  it  will  be 
seen  that  it  differs  greatly  from  methane  and  the  other  paraffins,  in  the 
readiness  with  which  it  combines  with  other  bodies,  especially  with 
chlorine,  bromine,  and  sulphuric  anhydride. 

Ethene  is  the  first  member  of  the  series  of  hydrocarbons  known  as 
olefins , which  contain  twice  as  many  atoms  of  H as  of  C,  so  that  the 
general  formula  of  the  series  is  CnH2„,  where  n represents  any  whole 
number  not  less  than  2. 

They  are  found  in  the  products  of  distillation  of  coal,  wood,  &c.  The 
following  is  a list  of  the  chief  members  of  the  olefin  series 


Ethylene 

Propylene 

CM, 

C,H„ 

Gas. 

J) 

Caprylene 

Elaene 

c8h18 

C.H,,, 

Boils  at 
1250  C. 

Butylene 

C4He 

J» 

Boils  at 

Diamylene 

Hendecatene 

9 IS 
^ lflU'JO 

C..H™ 

158° 

200° 

Amylene 

Hexylene 

Heptylene 

CSH10 

c,h12 

c7h„ 

35°  C. 
70° 
ioo’ 

Cetylene 

Cerotene 

Melissene 

cjC 

c»hsi 

275° 

Propylene,  or  propene,  or  tritylene,  occurs  in  small  quantity  in  coal-mas, 

<lustg  °C°Hff om 'I'y'n p u ^ obtained  by  heating  glycerin  with  zinc 

,,  V ^v-h(0 H)j  + Zn*  _ C3H# + H2  + 3Z11O.  Its  properties  resemble  those  of 
ethylene,  but  it  is,  of  course,  half  as  heavy  again,  because  C1H„  = 42  weights = 
2 volumes,  whereas  C2H4  = 28  weights  = 2 volumes.  It  is  more  lalily  absorbed  by 
strong  sulphuric  acid.  J 

nr^T’  °r  Mfitne'  0CCurs  larSe,Y  in  ^e  illuminating  gas 

hvrh-ooJrS1  £ Vegeta1ble1ancl aminal  oils-  ^ is  also  found  in  the  odorous 
l “ ,b  s ,whlc.h1  are  evolved  when  cast  iron  is  dissolved  in  hydrochloric  or 
dilute  sulphuric  acid.  It  condenses  to  a liquid  at  about  — io° 

is1°^tai1ned.  b-v  heating  amyl  alcohol  (f ousel  oil)  with 
/me  chloride,  which  acts  as  a dehydrating  agent ; C.Hn.OH  = C If  -*-H  0 It  is 

accompanied  by  diamytme,  triage,  C„h‘J' and  tetraZyS . C.H 

Amylene  occurem  petroleums  and  paraffin  oils.  It  is  a liquid  of  sp  gr  066 
boiling  at  35  C.  Commercial  amylene  is  a mixture  of  several  hydrocarbons 
having  the  same  composition.  J uunt> 

The  remaining  members  of  the  olefin  series  have  little  practical  importance. 
324.  Acetylene  or  ethine,  C2H2,  is  the  only  hydrocarbon  which  can  be 
formed  by  the  direct  union  of  its  elements.  It  is  produced  when  carbon 
is  very  strongly  . heated  111  hydrogen,  by  passing  a powerful  electric 
current,  such  as  is  used  for  electric  lighting,  between  two  carbon  ter- 
minals surrounded  by  a globe  filled  with  hydrogen. 

This  act  of  combination  is  remarkable  for  being  attended  by  absorp- 
tion instead  of  evolution  of  heat,  to  the  amount  of  61,100  units: 
so  that  the  sudden  decomposition  of  acetylene  should  evolve  enough 
ri  ' ° i1  f?1Se1  ™ie  ^emPerafur^  to  3,000°,  which  would  so  expand  the 

+b  +1 eC  • 1^‘  10oen  as  to  cause  an  explosion.  Accordingly,  it  is  found 
ia  ie  intense  molecular  vibration  produced  by  detonating  a minute 
quantity  (a  decigramme)  of  mercuric  fulminate  in  25  cubic  centimetres 
o acety  ene,  causes  the  latter  to  detonate  violently,  yielding  hydrogen 
and  finely  divided  carbon.  6 

• ^cetylene  is  a constant  product  of  the  destructive  distillation  and 
impel  ect  combustion  of  bodies  rich  in  carbon  and  hydrogen. 

ure  acetylene  may  be  prepared  by  heating  ethene  dibromide  with 
caustic  potash  dissolved  in  alcohol  • 

C2H4Br„  + 2KOH  = C2H,  + 2KBr  + 2H20. 
roper  ties  of  acetylene. — A gas  of  peculiar  odour,  and"  sp.  gr.  0.0 1 It 
ecomes  liquid  at  i°  C.  under  a pressure  of  48  atmospheres.  Water  at 
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1 8°  C.  dissolves  its  own  volume  of  the  gas,  hence  it  may  be  collected 
over  water,  but  with  some  loss.  It  burns  with  a brighter  flame  than 
olefiant  gas,  but  emits  smoke.  In  the  presence  of  platmum-black  1 
combines  with  hydrogen  to  form  etliene,  C2H4.  Strong  sulphuric  acid 
absorbs  acetylene  slowly,  as  it  does  ethene ; but  when  the  solution  is 
mixed  with  water  and  distilled,  it  yields,  not  alcohol  as  with  etliene  but 
croton-aldehyd, C^.COB.;  2O.H,  + H20  = 04H  0 Chromicacid  oxidises 
acetylene  to  acetic  acid;  C2H2  + H20  + 0 = 02H402.  A mixture  of 
potassium  permanganate  with  potash  converts  it  into  oxalic  acid , 

C2H2  + 04  = C2H204. 

The  most  remarkable  feature  of  acetylene  is  the  facility  with  w hie  i 
its  hydrogen  is  displaced  by  metals.  By  heating  sodium  m acetylene, 
0 HIS!  a,  mono-sodium  acetylide  and  C2bTa2,  di-sodmm  acetylide  may  be 
obtained.  Cuprous  acetylide,  C,Cu,H,0  is  formed  when  acetylene . acts 
upon  a cuprous  compound  in  the  presence  of  ammonia , us>  a' 
be  passed  into  an  ammoniacal  solution  of  cuprous  cliloi  ic  e , 

1 - - — nn„  + 2NH.CI. 


Cu,CL  + 2NH3  + C2H2  = 


C2Cu2 


The  cuprous  acetylide  forms  a bright-red  precipitate,  the  production  of 
which  forms  a characteristic  test  for  acetylene.  As  might  be  expecte 
from  the  behaviour  of  acetylene  itself,  the  copper  compound  is  exploded 
by  heat  or  by  percussion,  and  its  formation  has  caused  accidents  1 
copper  or  brass  pipes  through  which  coal-gas  containing  ammonia  has 

^Tille^ctcetyUde,  CoAg,II„0,  is  produced  as  a white  precipitate  when 
acetylene  is  passed  into  silver  nitrate,  or  when  a little  ether  is  pouie 
upon  solution  of  silver  nitrate  in  a test-tube,  at  the  mouth  of  which  the 
ether  is  then  kindled,  when  its  imperfect  combustion  inside  the  tube 
produces  acetylene.  Silver  acetylide  is  more  explosive  than  the  coppei 

C°  Acetylene  inflames  at  once  on  contact  with  chlorine  in  daylight 
yielding  HC1  and  finely  divided  carbon  ; 

antimonic  chloride,  kept  cool,  crystals  of  C2HSG1  SbGl  are  to  me  , 
which,  on  heating,  yield  the  acetylene 

smelling  like  chloroform,  and  boiling  at  55  C C H2U4,  acetylene 
chloride  and  CHC1,  monocUor  acetylene,  have  also  been  obtained  . 
"n  heatet  in  k sealed  tube  acetylene  is  part  ml Ly  convene  dm on 
mixture  of  two  liquids,  benzene , C6H0  and  styrolene,  CSH  . By  passing 

:C‘S  ' bodies* may  be  derived,  has  been  synthesised 
from & its  elementary  constituents.  Cuprous  acetylide,  111  contact  wit 
mm?  solution  of  ammonia,  yields  ethylene,  which  is  convertible  into 
alcohol,  and  from  this  a very  large  number  of  organic  compounds  may 

')0  Acetylene  is  regarded  as  one  of  the  most  important  intermediate 

1 V ^ +L a synthesis  of  organic  compounds  from  them  elements. 

bodies  m ‘I  t member  of  the  acetylene  series  of  hydrocarbons 

gSS&XrZ&Xssztas 

"lie!  members  of  the  series  which  have  been  studied  are 

* Scliorlemmer. 
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Acetylene 

Allylene 

Crotonylene 

Valerylene 

Hexoylene 


C0H0 

c'h; 


c.,hb 

c5h3 

C0H10 


Gas. 

>> 

Boils  at 
i8°  C. 

45° 

80° 


CEnanthylidene  C.H,., 
Caprylidene  C8H14‘ 

Decenylene  CI0Hlf 

Benylene  C’,.H.K 

Cetenylene  C1BH.“ 


Boils  at 

107°  c. 
1 33° 
165° 

225° 

2S00 


resembles  acetylene,  but  its  cuprous  compound  is 


Allylene,  or  propine,  C3H., 
yellow  instead  of  red. 

“ liqUidi  US  Vap°Ur  “ °“e  °f  thc  muminatmg 
Ihe  other  members  of  the  series  have  no  practical  importance  at  present. 

325.  It  will  have  been  noticed  that  the  paraffins,  olefins,  and 
acetyienes  increase  regularly  by  CH,.  Since  the  general  formula? 
<4  the  three  series  are,  respectively,  CnH2»  + 2,CnH2„  and  C„H.,„  „ there 
are  three  hydrocarbons  containing  C2,  viz.,  ethane  C2H6,  ethene,  C.H,, 
<nde  thine,  C2H2,  and,  starting  from  these,  and  adding  regularly  CH 
the  three  series  are  formed  0 & J 2’ 


Paraffins. 

CH, 

C,Hc 

c3h8 

C,H10 

C5H12 

&c. 


Olefins. 

C.,H, 

c;hb 

c4h8 

c5h10 

&c. 


Acetylenes. 


C.,H„ 

C'X 

c4hb 

c5h8 

&c. 


. The  seri®s  u]  each  vertical  column  is  said  to  be  homologous  because  it 
increases  by  the  regular  addition  of  CH2;  whilst  the  series  in  each 
oiizontal  line  is  said  to  be  isologous,  because  its  members  contain  an 
■equal  number  of  carbon  atoms. 

The  formation  of  these  series  will  be  explained  hereafter 

326.  Benzene  C6HG,  occurs  in  petroleum,  but  is  more  abundant  in 
the  light  oil  obtained  m the  distillation  of  coal-tar.  Prom  this  it  is 
■obtained  by  fractional  distiilation;  the  portion  which  distils  between  70° 
f]nw2°p  consists  chiefly  of  benzene,  and  is  purified  by  cooling  it 
below  o 0.  when  the  benzene  crystallises,  while  the  other  hydrocarbons 
1 emain  liquid  and  are  removed  by  pressure. 

Properties  of  benzene.— -It  is  an  ethereal  liquid,  having  the  odour  of 
coal-gas  of  which  benzene  vapour  is  one  of  the  illuminating  constituents. 
It  has  the  sp.  gr.  0.878,  freezes  at  o°  C.  and  boils  at  8i°  C.  It  is  very 
inflammable,  and  burns  with  a red  smoky  flame;  but  its  vapour,  when 
lixed  with  air  or  hydrogen  (as  in  coal-gas),  burns  with  a bright  white 
flame  Benzene  is  insoluble  111  water,  but  dissolves  in  alcohol  and  ether 
ft  is  largely  used  for  dissolving  fats,  caoutchouc,  &c.  If  benzene  be 
loppecl  into  the  strongest  nitric  acid,  or  into  a mixture  of  ordinary 
concentrated  nitric  acid  with  an  equal  volume  of  strong  sulphuric  acid, 

‘ Y°  Gnt  a(:tl°n  1S  Set  UP>  recl  ^umes  are  evolved,  and  the  liquid  becomes 
K ( ’•  1 V11  I>0Uym<?  into  several  times  its  volume  of  water,  a heavy,  oily 
uquid  falls,  which  is  nitrobenzene,  CJI.NO, ; 3 

,T]  . . + NO.,OH  = CbH4N0.2  + IPO. 

, flu!pC:s  result  fr°in  a secondary  reaction  not  expressed  in  the 

J 10“' . -Lae  sulphuric  acid  is  used  to  combine  with  the  water,  since 
,rfl  ni„tn1c  acit\  (^oes  not  act  on  benzene.  Nitrobenzene  has  a powerful 
fnv  !U.  °-f  alm°nds>  an(i  is  sold>  dissolved  in  alcohol,  as  Mirbane  essence 
Se  m confectionery  and  perfumery.  It  is,  however,  a poisonous  sub- 
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stance  in  large  doses.  It  is  also  largely  employed  for  the  preparation  of 

aniline.  Nitrobenzene  boils  at  220  C.  . , 

If  the  mixture  of  nitric  and  sulphuric  acids  be  boiled  with  the  ben- 
zene, the  liquid  deposits,  on  cooling,  a yellowish  crystalline  solid  which 

is  clinitrobenzene,  CcII4(N02)2; 

CGH8  + 2(N0„.0H)  = CgH4(N02)2  + 2H20. 

Strong  sulphuric  acid  also  oxidises  part  of  the  hydrogen  in  benzene, 
when  heated  with  it,  leaving  in  its  place  the  sulphonic  group  or  sulphuric 
acid  residue,  S02.0H,  which  bears  the  same  relation  to  sulphuric  acid, 
S0„(0H)o,  as  nitroxyle,  NO.,,  bears  to  nitric  acid,  ]N02.0  , us 

0 H.  + SO.  (OH).,  = H.,0  + C6H,S02.0H  (i benzene-sulphonic  acid).  It  turn- 
ing sulphuric  acid  be  used,  a second  atom  of  hydrogen  maybe  replaced; 
C.Hf  + 2S0.,(0II),=  2H20  + C6II4(SO,OH)2  ( benzene-disulphomc  acid). 

When  chlorine  is  passed  into  benzene  (containing,  a little  iodine  wine  1 
assists  the  reaction),  monochlorobenzene,  C6H5C1,  is  formed ; it  is  an 
almond-smelling  liquid,  which  boils  at  138  G.,  is  not  decomposed  3 
caustic  alkalies,  and  is  reconverted  into  benzene  by  water  and  sochu 
amalgam  (to  yield  nascent  hydrogen).  The  further  action  of  chloime 

on  benzene  yields 


Tetrachlorobenzene,  CgH2C14 
Pentachlorobenzene,  C8HC15 


Dichlorobenzene,  CGH4C12 
Trichlorobenzene,  CGH3C13 

Hexachlorobenzene,  (.  8U8 

These  are  all  crystalline  solid  bodies.  . . , . . »,■ 

Beside  these  substitution-, receipts,  benzene  is  eapahle  of  f 
tion-products  with  chlorine;  benzene  dwldoride,  C«H«C1 > *e% 

G'H Cl, ; hexuchloride,  C6HSC1«.  These  are  less  stable  than  the  snbsti 
tution-prodncts ; thus  the  hexachlonde,  when  heated  with  potash 
dissolved  in  alcohol,  yields  trichlorobenzene  , 

CGH8C18  + 3KOII  = C,H3C13  + 3KCI  + 3H  0. 

When  benzene  is  treated  with  hydric  peroxide  it  is  slovdy  converted 

into  hydroxybenzene  or  phenol ; GgH6  +H202—  6 + 2 ,--n- 

Benzene  was  so  called  because  it  was  first  prepared  by  distilling 

benzoic  acid  with  (3  parts)  slaked  lime  , 

C,.PL.CO„H  + Ca(OH)2  = CeH8  + CaC03  + H20. 

Pnnl  tar  benzene  generally  contains  a small  quantity  of  a compound  termed 
Coal-tar  benzene  enei  1 characterised  by  forming  an  intensely 

SfSltalw^ 

it  Sts  been  produced  artificially  by  acting  on  sodium  succinate  with  phosphorus 

Benzene  is  the  first  member  of  a series  of  homologous  hydro- 
carbons known  as  the  benzene  series  or  aromatic  hydrocarbons,  repiese 
by1  the^eneral  formula  C„H,,  ,,  in  which  n may  be  any  whole  number 

B°Tlm  prhmlpai  hydrocarbons  of  the  benzene  series  are  the  foHowiiig 

Boils  at  ^ 


Benzene 

Toluene 

Xylene 


c6hg 

C7Hb 

CcH, 


8i°  C. 
m° 
140° 


Pseudocumene 

Durene 

Amyl-toluene 


C0H,„ 

C)0lll4 

C12H18 


Boils  at 

166°  C. 
190° 
213° 


These  hydrocarbons ' (except 

obtained  by  the  distillation  o ci  retort  when  water  passes  over,  holding 

by  a brown  ’oiiy  oTcnsive  l.pind 
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which  collects  upon  the  surface  of  the  water.  This  is  the  light  oil  containing  the 
benzene  hydrocarbons.  To  purify  it,  it  is  shaken  with  caustic  soda,  to  dissolve 
carbolic  acid  (phenols),  and  afterwards  with  sulphuric  acid  winch  removes  aniline 
and  other  basic  compounds.  It  is  then  subjected  to  the  process  of  fractional 
distillation  described  at  p.  470. 

Toluene,  C7H8,  or  methyl -benzene,  CBH5CH3,  is  always  present  in  commercial 
benzene.  It  was  originally  distilled  from  balsam  of  Tolu,  and  may  be  prepared  by 
distilling  toluic  acid,  C.H7.CO„H,  with  lime.  It  is  a little  heavier  than  benzene 
(sp.  gr.  0.882)  which  it  resembles  in  odour,  but  it  does  not  solidify  even  at  — 20°  C. 
Benzene  may  be  converted  into  toluene  by  first  obtaining  bromobenzene,  C6H5Br, 
and  treating  this  with  methyl  iodide  and  sodium,  in  the  presence  of  ether— 
C0HsBr  + CH3I  + Na2  = C.H..CH,  + NaBr  + Nal. 

Under  the  action  of  oxidising  agents,  toluene  yields  benzoic  acid.* 

When  acted  on  by  sulphuric  acid,  toluene  yields  toluene-sulphonic  acid, 
C6H4.CII3.S0,,.0H.  The  corresponding  amide,  toluene-suljthon amide — 

C8H4.CHs.S02.NH2, 

when  oxidised  by  potassium  permanganate,  yields  a compound  having  the 
formula,  CBH4.C0.S02.NH,  which  has  been  named  saccharine,  on  account  of  its 
sweet  taste,  which  far  exceeds  that  of  sugar.  It  is  soluble  in  water,  alcohol,  and 
ether,  and  fuses  at  220°  C.  with  partial  decomposition.  When  fused  with  potash 
it  is  converted  into  potassium  salicylate. 

Xylene,  CgH10,  or  dimethyl-benzene,  CBH4(CH3)2,  is  a liquid  of  unpleasant  odour. 

CIBH14,  or  tetramethyl-benzene,  CBH.,(CH3)4,  is  a crystalline  solid,  fusing 
at  80  C.  It  is  lighter  than  water,  which  does  not  dissolve  it ; it  is  soluble  in 
alcohol. 

Amyl-toluene,  C,.,H,S,  drC7H7.C5Hn,  is  a liquid  obtained  by  acting  upon  broruo- 
toluene  with  amyl  bromide  and  sodium — 

C7H7Br  + CsH„Br  + Na2  = C7H7.C5H„  + 2NaBr. 

Hexamethyl-benzene,  CB(CH3)B,  has  the  same  percentage  composition  as  amyl- 
toluene,  but  it  is  a crystalline  solid,  fusing  at  150°  C.  and  boiling  at  260° 

328.  The  methyl  substitution-products  of  benzene  are  formed  by  a process  which 
lias  not  yet  been  satisfactorily  explained.  Benzene  is  not  acted  on  by  methyl 
chloride,  nor  by  aluminium  chloride,  A1.,C1B,  but  if  the  latter  be  dissolved  in  hot 
benzene,  and  methyl  chloride  vapour  be  passed  into  it,  HC1  is  evolved  and  the 

m2'™  1SHp?iVA1itp<i1  ’t  t0l"eDe  (raet%l-benzene ; CBHB  + CH3C1  + Al.,Clc  = 
CBrt3.CH3  + HC1  + A12C16.  The  action  of  the  methyl  chloride  may  be  carried 
further,  so  as  to  displace  successively  each  of  the  six  hydrogen  atoms  of  the 
benzene,  the  hexamethyl-benzene  being  the  final  product. 

The  benzene  series  is  remarkable  for  containing  a large  number  of  hydrocarbons 
which  have  the  same  percentage  composition  and  the  same  molecular  weight 
and  are  yet  yery  different  in  their  properties,  because  their  rational  formula  are 
amerent.  ouch  bodies  are  said  to  be  isomeric  or  metameric. 

Isomeric  bodies  or  isomer  ides  are  those  which  have  the  same  percentage  com- 
position and  the  same  molecular  weight.  Metameric  bodies  have  the  same  per- 
centage composition  and  molecular  weight,  but  have  different  rational  formula:. 

oyrnenc  bodies,  or  polijmerides , have  the  same  percentage  composition,  but 
different  molecular  weights.  & ^ ’ 

The  theoretical  explanation  of  the  difference  in  properties  between  bodies  con- 
taining the  same  elements  in  the  same  proportions  will  be  given  hereafter. 

329.  Cinnctmene,  or  styrolene,  CSHS,  is  obtained  by  distilling  cinnamic 
acid  with  lime ; C8H?. COJI  + Ca(OH)2  = C8H8  + CaC03  + H.,0.  It  can 
also  be  prepared  by  distilling  balsam  of  storax,  or  by  distilling  the  resin 
known  as  dragon’s  blood  with  zinc-dust.  Cinnamene  is  a fragrant  liquid 
0 sp-  gi'.  '924,  and  boiling  point  1450  C.  It  resembles  the  olefin  hydro- 
carbons in  uniting  directly  with  chlorine,  bromine  and  iodine.  When 
heated  in  a sealed  tube  to  200°  C.,  it  becomes  converted  into  a trans- 
parent solid  known  as  metcicinnamene,  or  metastyrolene,  which  is  poly- 
meric with  cinnamene,  into  which  it  is  reconverted  by  distillation. 

into  are^-hot^ron^ubc?  lar^G  proPortion  when  hcptiue  (oenanthylidenc,  C7II12)  is  dropped 


NAPHTHALENE. 


473 


When  heated  with  hydrochloric  acid  to  170°  0.,  cinnamene  is  converted 
into  di-cinnamene,  C1GH1B. 

When  acted  on  by  strong  nitric  acid,  cinnamene  yields  nitrocinnaviene, 
Cj.IT.NO.,,  which  is  not  liquid  like  nitrobenzene  and  nitrotoluene,  but 
crystallises  in  prisms. 

The  cinnamene  series  of  hydrocarbons  has  the  general  formula 
CmITQn_8,  but  very  few  members  of  it  are  known. 

Other  examples  of  these  hydrocarbons  are  phenyl-propylene,  C9H10, 
or  C3IT5.CeH.  and  phenyl-butylene  C10H,2  or  C4N7.CGH5.  Cinnamene 
itself  is  phenyl-ethylene , C.,H3.CGH3,  which  accounts  for  the  resemblance 
between  the  cinnamenes  and  olefins. 

330.  Naphthalene , Cl0H8,  is  a crystalline  hydrocarbon  with  an  odour 
of  coal-gas,  and  is  occasionally  deposited  in  gaspipes  in  cold  weather, 
causing  an  obstruction.  It  is  a very  common  product  of  the  action 
of  a high  temperature  upon  substances  rich  in  carbon  • coal  and  wood 
yield  it  on  distillation  ; marsh  gas,  alcohol  vapour  and  ether  vapour, 
when  passed  through  a red-hot  tube,  deposit  crystals  of  naphthalene 
in  the  cooler  part.  Burmese  petroleum  and  Rangoon  tar  contain 


naphthalene. 

When  coal-tar  is  distilled,  the  benzene  hydrocarbons  which  distil 
over  in  the  light-oil , are  succeeded,  as  the  temperature  rises,  by  a yellow 
oil  which  is  heavier  than  water.  This,  known  as  dead-oil,  is  much  more 
abundant  than  the  light-oil,  amounting  to  about  one-fourth  of  the 
weight  of  the  tar,  and  containing  those  constituents  of  the  tar  which 
have  a high  specific  gravity  and  boiling  point.  When  the  temperature 
has  risen  to  about  200°  C.,  the  distilled  liquid  partly  solidifies  on  cooling, 
from  the  crystallisation  of  naphthalene.  This  portion  is  pressed  to 
expel  the  liquid  part,  and  boiled  with  alcohol,  which  deposits  the 
naphthalene  as  it  cools.  Or  the  crude  naphthalene  may  be  gently 
heated  in  an  iron  pot  over  which  is  inverted  another  vessel  kept  cool, 
in  which  the  naphthalene  sublimes  in  brilliant  feathery  crystals. 

Properties  of  naphthalene. — Transparent  crystals,  smelling  of  gas, 
very  fusible,  at  8o°  C.,  and  inflammable,  burning  with  a smoky  flame. 
It  sublimes  much  below  its  boiling  point  (217°  C.).  Insoluble  in  water, 


soluble  in  alcohol,  ether  and  benzene. 

In  its  chemical  relations,  naphthalene  is  closely  connected  with 
benzene,  but  it  shows  less  disposition  to  form  addition-products  with 
chlorine  and  bromine,  with  which  it  yields  numerous  substitution-pro- 
ducts. Naphthalene , however,  absorbs  chlorine,  forming  a yellow  liquid, 
naphthalene  dicliloride,  C10H3C12,  and  a crystalline  solid,  naphthalene  tetra- 
chloride C10H8C14.  The  non-existence  of  C10H8C13  is  in  accordance  with 
the  law  of  even  numbers  (p.  446).  When  naphthalene  tetrachloride 
is  further  acted  on  by  chlorine,  it  yields  C10IT7C15,  and  C10HGUc,  whicii 
may  be  regarded  as  C10HSCT,  in  which  one  and  two  atoms  of  chlorine, 
respectively,  have  been  substituted  for  hydrogen. 

Bv  distilling  these  chlorine  compounds  with  an  alcoholic  solution  of  potash, 
the  elements  of  ITC1  are  removed,  and  substitution-products  are  obtained  thus 

C„H,C1,  (Jfaajtoe),  C..HX1.  (Monaph- 
Tile)  (Mnaj,uLi,e)l^e  been  obtained.  Another  method  has 
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also  furnished  C,„H3C15  (cldonaphtv.se),  so  that  only  the  compound  C10HC1  (cldo- 
naphtlialeae ) is  missing.  These  are  all  crystalline  solids. 

The  compound  CI0C1?,  perchloronaphthcdene,  is  best  obtained  by  acting  on 
naphthalene  with  chlorine  in  the  presence  of  antimonic  chloride.  It  fuses  at 
!35  J 0.  and  boils  at  403°,  whereas  naphthalene,  C10H9,  fuses  at  So°  and  boils  at  218“. 
Bromine  gives  rise  to  similar  products,  and  it  is  possible  to  replace  part  of  the 
hydrogen  in  naphthalene  by  chlorine  and  part  by  bromine,  yielding  such  com- 
pounds as  the  following : — 


Cldorebronaphtise 

Chlorebronaphtose 


C10H.Cl.,Br 

C10H4Cf2Br2 


Bromachlonaphtose 

Bromechlonaphtuse 


C10H4BrCl9 

C10H.BrsCL. 


* ^ j 1U  B 'J  3* 

The  only  iodine  substitution  derivative  of  naphthalene  at  present  known  is  C HI, 
moniodonaphthalcne,  a colourless  liquid,  boiling  at  above  300°  C.  It  is  not  obtained 
by  the  action  of  iodine  on  naphthalene. 

The  substitution-products  derived  from  naphthalene  have  many  isomerides, 
differing  in  properties  according  to  the  particular  hydrogen  atom  which  has  been 
replaced  by  chlorine,  bromine,  or  other  radicals ; the  theoretical  importance  of 
this  will  be  seen  hereafter. 

The  nitro-comv'ounds  derived  from  naphthalene  are  more  numerous  than  those 
from  benzene. 

Nitronaphthcdene,  Gj0H7.NO2,  is  formed  when  nitric  acid  acts  on  naphthalene  in 
the  cold,  but  the  action  is  much  less  violent  than  that  on  benzene.  It  is  best 
prepared  by  adding  nitric  acid  (sp.  gr.  1.42)  to  naphthalene  dissolved  in  glacial 
acetic  acid  and  boiling  for  a short  time.  It  forms  yellow  prismatic  crystals 
which  may  be  sublimed  if  heated  carefully.  It  dissolves  in  alcohol. 

Bmitrqnaphthalene,  C10H6(NO2)2,  is  obtained  by  boiling  naphthalene  with  strong 
mtric  acid  until  it  has  entirely  dissolved  in  the  liquid.  It  is  a colourless  crystal- 
line  body  which  deflagrates  when  heated.  It  has  an  isomeride,  /3-dinitronaphtha- 
lene,  ■which  forms  yellow  plates  more  soluble  in  glacial  acetic  acid,  and  fusing 
at  170  C.  instead  of  21 1°.  Nitronaphthalene  fuses  at  61°. 

Tpmtronaplithakne,  C10H5(NO2)3,  is  obtained  when  dinitronaphthalene  is  boiled 
with  turning  nitric  acid  ; it  forms  tabular  crystals  exploding  when  heated.  The 
prolonged  action  of  the  acid  converts  it  into  tetranitronamthalene,  C,  H (NO  ) 
which  forms  yellow  prisms.  10  ^ 2'4’ 

These  nitro-compounds  have  several  isomerides. 

When  naphthalene  is  long  boiled  with  dilute  nitric  acid,  it  is  oxidised  and 
converted  into  naphtlialic  or phthalic  acid,  C6H4(CO.,H)2,  and  oxalic  acid,  C.,H,0, 

imphthalene-sulphomc  _ acid,  Cl0II7.SO2.OH,  and  naphthalene-disulphonic  acid, 
•icul  " aiG  Produced  wben  naphthalene  is  heated  with  strong  sulphuric 

Naphthalene  behaves  in  a rather  characteristic  way  with  picric  acid  If  it  be 
dissolved  m hot  alcohol  and  mixed  with  a hot  solution  of  picric  acid  in  alcohol, 
stellate  tufts  of  yellow  needles  are  deposited  on  cooling.  These  consist  of  a 
compound  of  single  molecules  of  naphthalene  ancl  picric  acid 

The  general  expression  for  the  naphthalene  hydrocarbons  would  be  C„H„n_,„ 
but  only  two  members  of  the  homologous  series  are  at  present  known  ; these" are 
methyl-naphthalene,  C)0H..CH3  or  C„H10,  and  ethyl-naphthalene,  CI0H..C.,H,  or  C,  JL„. 

naphthaIeneqUKl  GVen  ^ l0W  temPeratures-  and  have  little  in'  common  with 

^naphthene,  C10H6.C2H.„  which  is  found  in  small 
’ 3 111  bas  be,en  obtained  by  passing  vapour  of  ethyl-naphthalene 

hrou0h  a red-hot  tube,  when  hydrogen  is  separated.  A mixture  of  benzene 

wmT'r  et.henew1!1  als?  }'ield  ifc  in  a similar  way.  It  forms  colourless  prisms 

Mi  vein  110  ?•  and  boil  at  268°-  It  is  sparingly  soluble  in  cold  alcohol. 

'rv;  • " lta  acid  ln  hot  alcoholic  solution  it  deposits  red  needles. 

Bthme-naphthalene,  C10H0.C2H2,  is  obtained  as  a fusible  solid  (92°  C.)  by  passing 
vapour  of  acenaphthene  over  red-hot  lead  oxide,  which  removes  H„. 

1 yjf'  is  produced  when  vapour  of  naphthalene  is  passed  through 

MnO  H in  + » is  f»™«>  Ky  «*  obelising  actions 

u-mVitv,  1 - ■ ,? 1 011  naPbthalene,  It  is  best  prepared  by  decomposing  bromo- 

1 gmshed  fxom  naphthalene  by  its  being  almost  insoluble  in  alcohol,  and 
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fusing-  only  at  2n°0.,  while  naphthalene  fuses  at  8o°.  That  fraction  of  the  coal- 
tar  distillate  which  comes  over  at  about  360°  C.  soiidifies  on  cooling  to  a mass  of 
crude  anthracene.  It  is  freed  from  liquid  hydrocarW 
with  carbon  disulphide,  and  purified  by  crystallisation^ 
sublimation  as  for  naphthalene.  Commercial  anthracene  is  employed 

vapour  of  a^ot  t^e 

containing;  pumice-stone  to  expose  a large  heated  suiface , 2G7HS  » 10  3 . 

Lead  oxide1  by  oxidising  the  H,  effects  the  change  at  a lower  temperatuie. 
^nthraceneVrms  yegowish  .ab* 

did‘hrkh-  °“ha  a,,<’ 

““.Sm  utroMorantWm  C„H.C1.,  ami  the  correspoa.l- 

C“wi?h''mtrie  acid,  anthracene  behaves  in  a 

wSh'n^LfdTldergoes  SidatSn  and IU  converted  into  a 

linUroanmrLene,  C„H,(NO^ 

bromide  in  presence  of  aluminium  chloride  , 2C6H6  , UH,bi4  u 10  4 

When  anthracene  is  heated  with  strong  solphunc  acre!  to  ,oo  0 * s 

verted  into  anthracene-mdphomc  acid,^ Cl4H9hU2.UH  at  a mgne  1 

anthracene-clisuVplionic  acid,  ChHs(S02.  . ^itV^anthracene  is  deposited  in  crys- 
Para-anthracene,  isomeric  or  polymeric  with  “ J is  exposed 

C„  when  it  is  reconverted  into 

fuses  at  247°  C.,  but  is  then  converted  into  anthiacene.  iuoieo  , 

* - «• 

&Att?s=asarx 

cene,  and  fuses  at  about  100  C.  obtained  at  the  end  of  the  distillation 

SSSei^nd  Mve  been  also 

£& than  is  to  be  tonnd  in 

coal  itself.  obtained  from  idrialite,  a mineral  resembling  coal 

fer mercury  mines  ; it  is  extracted  by  benzene,  from  which  rt 

Cr5e»?0„H,„  is  a crystalline  hydrocarbon  resembling  naphthalene,  distilled 

ssSiS  % 

two  best  known  are  the  comm  I ^ These  are  both  solu- 

Scoteh  fir,  and  Venice  turpentine  from  the  laicb.  U ^ ^ when  d;s. 

"’hich  remains  in  the  stm’ 
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and  from  25  to  10  per  cent,  of  the  oil,  commonly  sold  as  spirits  of  tur- 

The  oil  of  turpentine  boils  at  156°  C.,  and  has  the  sp.  gr.  0.86  * It 
is  very  sparingly  soluble  in  water,  but  dissolves  in  alcohol  and  ether, 
it  burns  with  a smoky  luminous  flame.  Its  property  of  dissolving 
resins  and  fats  renders  it  useful  in  preparing  paints  and  varnishes.  It 
is  also  a good  solvent  for  caoutchouc. 

When  051  °f  turPentine  is  heated  in  a closed  vessel  to  about  250°  C.  for  some 
boms,  it  is  converted  into  an  isomeride,  iso-terebenthene,  boilino-  at  160°  C and  -i 
P°lT  1UL‘rdde>  meta-terebenthene,  boiling  at  3490  C.  0 ’ 

ibe  French  turpentine,  or  terebenthene,  from  Pinus  maritima  has  the  same  rom- 

aSfEnf  h'sh  tu,Tenti^e’  or  australene,  from  Pinus  australis,  but  they  differ 
1 then  optical  properties,  the  French  oil  being  loevorotatory,  or  turnin°-  the  plane 

the  left’  wh;lsf thc  ?«Aoiiis^J^ 

properties  of  tta  f°r  the  chemical 

acid-  t^entine  is  polymerised  into  colophene 
bhie  ffTorSeSce  32’  ' SP’  ^ °‘94’  boils  at  3*  6°  0.,  and  has  an  i^cUgo- 

tU1'P,ei1ltine  has  been  but  httle  studied; 
is  an  oily  liquid  ’ C'°  *-Cl4’  cristallmc  solld-  and  terpene  dibromide,  C1()H18Br„, 

SSSSfefySSSS 

J‘eWS  aootller  optically  in- 

tevorotatory,  and  that  from  anstrahie  totrofotato^  terebenth“o  b“"K 

deposited, CcontSnhl”tc'H>E  IhcI"1  When  f?tnrated  "-'fch  Hc>  K;‘s,  crystals  arc 
water,  they  yield  lernind  7c w i tAY  , ^ese  ale  boiled  for  some  time  with 
at  1 68°  C.  * ^ t 10  lobH'-O,  which  smells  like  the  hyacinth,  and  bods 

turpentinT^JdrMe  ox  termn  W\th  water’  prismatic  crystals  of 

quickly  prepared  bv  mSl’  tnV0?16h3-HA  dePosited-  This  body  is  more 
nitric  acid  and  one-eighth  of  alcohol*116  Tlth  oue‘fourth  bF  measure  of  dilute 
agitation.  Terpin  dissolves  in  S ’ and  exposing  to  sunshine,  with  frequent 
fuses  at  ioo°  CPand  becomes  0 fto™?’,  ^staPises  oa  moling4  It 
at  1 50°  C and  reonins  the  rt  Y°  >-2H'-0’  whlch  sublimes  in  needle-like  crystals 
Phuric  acid?“t  S te^inof  ^ eXp°Sed  t0  ^ Whea  distmcd  with  sul- 

ih?Sor  bod°ef'  S"1 tw ' l0'Vly  aching  own,  and  form- 

CioHuO.„  which  is  decomposfd^v  w t a S“fv  quantlt7  of  camPhoric  peroxide, 

ait  and  steam  throngh  oU  of 
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ing  hyclric  peroxide  is  obtained,  and  is  employed  foi^ismfectin^ P P Eucalyptus 
the  name  of  Semites.  It  is  worthy  of  remark  f0r  its  sanitary  influence, 

globulus  (gum-tree  of  Australia),  somuci^  omes  brown  and  resinous  when 
yield  an  oil  similar  to  oil  ot  turpentine,  whic 

“ttte  optically  inactive  isom  eride  «* 

obtained  from  the  fourth  olefin,  amylene,  3 B |nd  distilling  this 

acid  to  form  di-amylene,  C10H  , con'^1^  t ,HBr  and  obtain  another  olefin, 
with  alcoholic  solution  of  potash,  to  abstiact  2 distiued  “:*v' 

rutylene,  C10H1S.  If  this  be  converted  into  C10HlsLi„  and 

1 1 • 1 1 d — J-  a, /a  W rv  vt  r\  I ’ I— I 


with  alcoholic 

r^W,  W10ii,s.  - -a.  as. verteu  m-  — - 

potash,  it  yields  terebene,  C10H1(i.  i „ 0f  hydro- 

333.  Oil  of  turpentine  is  ‘he  repMentataye  ffg- 

carbons- called  the  terpenes,  denved  ■ me  proportions  of 

dom.  ■ All  the  members  of  this  group  “^Thte  thTsS  molecular 
carbon  and  hydrogen,  and  the  greater  ^ regemble  turpentine  in 

formula  as  turpentine,  C10H16.  I I . • solidification 

their  liability  to  setter  conversion  into  with 

by  absorption  of  oxygen  when  expose'  ’ ^ ^ their  tendency  to 

water  to  form  crystalline  hydrates,  and,  above  all,  m ™en 

combine  with  hydrochloric  acid  to  form  >• 

The  oils  of  bergamotte,  birch,  chamomile,  c J,  E>Vme  lain,  and 

lemons  * myrtle,  nutmeg,  orange,  g)arsmj,pe^)ei^ ’ generally  accom- 
valerian  are  all  terpenes  of  the  formula T H and  are^gene  & 

which  — of* 

have  the  formula  C15H24.  , from  the  flowers,  fruit, 

The  essential  oils  are  generally  e portion  of  the  plant 

hoSn^  s 

druggist  are  obtained.  Whe  , surface  of  the  water,  from 

portion,  it  collects  as  a separate  layei  dissolved  in  the  water  may 

which  it  is  easily  decantec  . ® ° ^ iiquid  with  common  salt,  when 

he  separated  from  it  ether,  which  dis- 

the  oil  rises  to  the  surface  01  by  shaJsmb  x solution  floating 

solves  the  oil  and  separates  off. 

on  the  surface,  and  leaving  the  01  when  the  etbe  f ^flower 

In  cases  like  that  of  jasmine,  wher the  ssed  between 

would  be  injured  by  a high  te“P®1‘\l\  ’ eeds  which  thus  acquires  a 
woollen  cloths; ^^^^^yJofdisulpHde  is  also  sometimes 

employed  as  a solvent  for  ClpH,0); 

Oil  of  peppermint  contains  mmthene,  01PU„  fanu 

essence  of  cedar  wood  contains  “*euet^“e®»ntial  oi)s  are  the  different 

appear  to  hi  formed  by  the  oxidation  of 

V aneme  b onding  to  the  essential  oils. 

hydrocarbons  coi  1 esponum&  C, 

. Oil  of  lemons  and  other  oils  derived  from  venous  species  of  C„r»  ho 
and  are  termed  citrenes. 
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Common  camphor  (C10HIGO)  is  found  deposited  in  minute  crystals  in 
the  wood  of  the  Laurus  camphor  a,  or  camphor  laurel,  from  which  it  is 
obtained  by  chopping  up  the  branches  and  distilling  them  with  water 
in  a still,  the  head  of  which  is  filled  with  straw,  upon  which  the  camphor 
condenses.  It  is  purified  by  subliming  it  in  large  glass  vessels  contain- 
ing a little  lime. 

Camphor  passes  into  vapour  easily  at  the  ordinary  temperature  of 
the  air,  and  is  deposited  in  brilliant  octahedral  crystals  upon  the  sides 
of  the  bottles  in  which  it  is  preserved.  It  fuses  at  3470  F.  (175°  C.), 
and  boils  at  3990  F.  (204°  C.),  and  is  very  inflammable,  burning  with 
a bright  smoky  flame.  It  is  sometimes  dissolved  in  the  oil  used  for  the 
lamps  of  magic-lanterns,  to  increase  its  illuminating  power.  Camphor 
is  lighter  than  water  (sp.  gr.  0.996),  and  whirls  about  upon  its  surface 
in  a remarkable  way,  dissolving  meanwhile  very  sparingly  (1  part  in 
iooo),  alcohol  and  ether  being  its  appropriate  solvents. 

When  distiRed  with  phosphoric  anhydride,  camphor  loses  a molecule  of  water 
.and  yields  the  hydrocarbon  cymene  (C10H,,)  homologous  with  benzene.  Cymene 
is  found  in  the  oil  of  wild  thyme.  J 

Borneo  camphor  (C10HISO)  is  obtained  from  the  exudation  of  the  BruobiCanons 
r'S  7i*  " he"  efn'l0t.10'’  is  .‘'“tilled,  “ hydrocarbon  call Lf  ZrZZ 
io,  h ’ °,  eyiC  Wlt  \ 011  of  tuIPentine>  firsfc  passes  over,  and  afterwards  the 

camphoi  which  is  neither  so  fusible  nor  so  volatile  as  ordinary  camphor  and 
emits  quite  a different  odour  ; it  also  crystallises  in  prisms  instead  of  octahedra. 
a d may  be  converted  into  ordinary  camphor  by  the  action  of  nitric  acid  which 
camphm-)2  °f  hydr0gen>  CioHis°  {Borneo  camphor)  - H,  = C10H10O  {Common 

file  Borneo  camphor  appears  to  have  been  formed  by  the  combination  of 
i°rneewe  wlth.Tater’  for  lf‘ this  hydrocarbon  be  distilled  with  solution  of  potash 

the' W?h  a mo  ?cule  of  water>  and  is  converted  into  the  camphor.  On 
the  othei  hand,  when  Lorneo  camphor  is  distilled  with  phosphoric  anhydride  it 
loses  a molecule  of  water  and  yields  bornefenc.  It  is  interesting  to  reXk  that 
hishydrocarbon  is  also  found  in  the  essential  oil  of  valerian 

la^ef  contlh!^ fccomPanief camphor  distilled  from  the  camphor 
S jS  f JgeU  leSS  than  comrnon  camphor,  its  formula  being 

335-  balsams.  The  vegetable  exudations  known  as  balsams  are  mix- 

reSillS  and  “Cids  Pr0<luced  by  the 

°f  Pe?'“rcon^s  an  oily  substance  termed  cinnamein 

tV  ■ a Cly:St/nu  ^ody,  fyracin  (C9H80),  a crystalline  volatile 
acid,  the  cinnamic  (G9H80„),  and  a peculiar  resin. 

°J  T°lU  au°  ,C°ntainS  cinnamic  acid  and  styracin,  together 
with  certain  resins,  which  appear  to  have  been  formed  by  the  oxidation 
or  scyracin. 

commS/hv  a- balsamic  exudati°n,  contains  the  same  substances,  ac- 
companied by  cmnamene. 

resins*  ill?  ?*'~Col0ph0n  7 is  the  best-known  member  of  the  class  of 

generally  distinguished  by  their  resinous  appearance, 
fusibility,  inflammability,  burning  with  a smoky  flame,  insolubility  in 

water,  and  solubility  in  alcohol  } 111 

0 TUe  fragrant  °f  Vetoes  has  the  same  composition  as  Borneo  camphor. 
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Most  of  tlie  resins  also  resemble  L^Jgr  and  tlm  re^Tns 

their  alcoholic  solutions  re^ening  {he  case  with  sandarach 

themselves  being  so  «Ue  ““tarns  three,  aed  the  latter 

and  guaiacum  resin,  tne  101  mei  ui 

two,  resinous  acids.  . , • some  neutral  and  some  acid, 

CopaZ  appears  to  contain  ® ^ lubil’ity  in  alcohol,  in  which  it  can 

and  is  distinguished  by  its  difficult  7 r of  tlie  solvent;  but 

be  dissolved  only  after  long  expose  moderately  high  tempera- 

if  it  be  exposed  to  the  air  for  s CopPal  is 
ture,  it  absorbs  oxygen,  and  eco  £ resins  are  somewhat 

readily  dissolved  by  acetone-  ^heT^ £ abused  in  the  manu- 
similar  in  properties  to  copal.  Ail  these  reams 

faritrre?n?s 

the  influence  of  the  ^ 

of  the  solar  spectrum,  as  well  as  unciei  in 

such  as  chlorine  and  ozone.  nearly  resembles  this  class  of 

Amber,  a fossil  resinous  sub  c , ■ p0dies.  It  is  distin- 

bodies  than  any  other,  and  con  amss  one-eighth, 

guished  by  its  insolubdity,  for  a f"* Son  however,  it  becomes 
Sublet  l"ndnS|ted  in  this  state  for  the  preparation  of 

T"S  are  prepared  by  dissolving  ™ 

or  acetone,  a little  turpentine  ' has  evaporated.  In  order  to- 

the  resin  from  crackmg  when  the  usually  powdered  before  being 

promote  the  solution  ol  the  lesi  , coarsely  powdered  glass  to  pre- 

treated with  the  solvent,  and  mixed  with  coarsely  po 

vent  it  from  becoming  lumpy.  ^ classed  among  the  liydro- 

0-77.  Caoutchouc,  or  mdia-rubbei,  m 5 formula  0 H,.  It  is- 

carbons,  its  chief  constituent  havmg  eyerai  tropical  plants, 

procured  from  a milky  exudation  J j Siphonia  elastica. 

particularly  by  the  Hcevva  .guianem ^liquid  thus  obtained 
Incisions  are  made  m l then  suspended 

is  spread  upon  a clay  bottle-shape  deposited,  and  its  thickness- 

over  a fire  ; a layer  of  caoutcho  • t?ns  of  tpe  milky  liquid, 

is  afterwards  increased  y ^eP  c ^ £ tpe  caoutchouc  bottle  thus- 

the  mould  being  eventually  cia  india-rubber  is  believed  to 

formed.  The  dark  colour  of  commercial^  ^ ^ for  re 

be  due  to  the  smoke  1011  obtained  by  dissolving  india-rubber 

caoutchouc  is  white,  anc  ^ -pp  aicohol;  the  precipitate  forms 
in  chloroform,  and  1 n ^ mercial  india-rubber  contains  a small 

a gummy  mass  when  dried  al  milky  liquid,  this 

quantity  of  albumen,  ^XUnTolding  in  Suspension  abciv 3°  Vf 

being  really  a solution  < . . surface  like  cream  when  the 

cent,  of  caoutchouc,  apowed  to  stand,  becoming  coherent  and 

juice  is  mixed  with  Wc  < ^ wip  pe  remembered  that  many  0 

elastic  when  exposed  - its  physical  rather  than  upon  its- 
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For  the  manufacture  of  waterproof  cloth,  caoutchouc  is  dissolved  in  rectified 
turpentine,  and  the  solution  is  spread,  in  a viscid  state,  over  the  surfaces  of  two 
pieces  of  cloth  of  the  same  size,  which  are  then  laid  face  to  face  and  passed 
between  rollers,  the  pressure  of  which  causes  perfect  adhesion  between  the  surfaces. 

Waterproof  felt  is  made  by  matting  together  fibres  of  cotton  impregnated  with 
a solution  of  caoutchouc  in  naphtha,  and  passing  the  felt  between  rollers.  When 
kept  for  a long  time,  its  strength  and  waterproof  qualities  are  deteriorated,  in 
consequence  of  the  oxidation  of  the  caoutchouc,  which  is  thus  converted  into  a 
resinous  substance  resembling  shell-lac  and  easily  dissolved  by  alcohol. 

Caoutchouc  is  slowly  dissolved  by  carbon  disulphide,  benzene,  chloroform, 
coal-naphtha,  petroleum,  turpentine,  and  the  fixed  oils. 

Marine  (jlue  is  a solution  of  caoutchouc  with  a little  shell-lac  in  coal-naphtha. 

The  alkalies  and  diluted  acids  are  without  action  on  caoutchouc.  When  gently 
warmed,  it  becomes  far  more  soft,  pliable,  and  extensible;  it  fuses  at  about 
-250°  F.  (12 1°  C.)  to  an  oily  liquid,  which  becomes  viscid  on  cooling,  but  will  not 
solidify,  and  is  useful  for  lubricating  stop-cocks.  When  further  heated  in  air,  it 
burns  with  a bright  smoky  flame.  Heated  in  a retort,  caoutchouc  is  decomposed 
into  several  hydrocarbons,  one  of  which,  isoprene,  C,HS,  boils  at  3 70  C.,  and 
.another,  caoutchene,  C'10H16,  boils  at  17 1°  C. ; they  are  good  solvents  for  caoutchouc. 
Gaoutchene  forms  a crystalline  compound  with  water,  C10H16.H.,O,  which  may  also 
be  obtained  by  boiling  terpin  with  very  dilute  sulphuric  acid,  and  distilling  with 
water. 


I ulcanuecl  rubier  is  produced  by  incorporating  india-rubber  with  2 or  3 per 
cent,  of  sulphur,  which  not  only  greatly  increases  its  elasticity,  but  prevents  it 
from  cohering  under  pressure,  and  from  adhering  to  other  surfaces  unless  strongly 
heated.  It  also  becomes  insoluble  in  turpentine  and  naphtha.  Ordinary  vul- 
canised rubber  generally  contains  more  sulphur  than  is  stated  above,  which  causes 
it  to  become  brittle  after  a time  ; for  some  purposes,  such  as  the  manufacture  of 
overshoes,  other  substances  are  added  beside  sulphur,  such  as  lead  carbonate  and 
zinc  oxide.  Stoppers  made  of  vulcanised  rubber  are  now  often  used  instead  of 
ooiks  in  making  apparatus  in  the  laboratory,  being  far  more  easily  made  air- 
tight; they  may  be  perforated  to  receive  tubes,  with  a sharp  brass  cork-borer 
moistened  with  alcohol,  a very  small  hole  easily  stretching  to  receive  a large  tube 
Boiling  alcohol  extracts  sulphur  from  them. 

When  a sheet  of  caoutchouc  is  allowed  to  remain  for  some  time  in  fused  sulphur 
at  120  u,  it  absorbs  12  or  15  per  cent,  without  any  material  alteration,  but  if  it 
>e  heated  for  a short  time  to  150°  C.  it  becomes  vulcanised ; and  when  still  further 
•heated,  is  converted  into  the  black  horny  substance  called  vulcanite  or  ebonite,  and 
used  for  the  manufacture  of  combs,  &c.,  and  as  an  electrical  insulator. 

\ ulcamsed  caoutchouc  is  sometimes  made  by  mechanically  incorporating  the 
su  phur  with  india-rubber  softened  by  heat ; or  by  immersing  the  rubber  in  a 
mixture  of  sulphur  with  chloride  of  lime,  or  in  carbon  disulphide  mixed  with 
r:5Pei  -f;  of  b,C'].,.  It  can  also  be  made  by  dissolving  the  sulphur  in  turpen- 
tine, which  is  afterwards  used  to  dissolve  the  caoutchouc  ; when  the  turpentine 
lias  evaporated,  a mixture  of  caoutchouc  and  sulphur  is  left,  which  may  be 
easily  moulded  into  any  required  shape,  and  afterwards  vulcanised  by  exposure 
to  high-pressure  steam  having  a temperature  of  about  140°  C. 

3 1 eating  Milcanised  caoutchouc  with  sodium  sulphite,  the  excess  of  sulphur 
°ve  2-|01  ^ Pai  cenf • may  be  dissolved  out.  The  whole  of  the  sulphur  may  be 
moved,  and  the  caoutchouc  devulcanised,  by  boiling  with  a 10  per  cent,  solution 

l-vof  ' ^le  c^em|c^  constitution  of  vulcanised  rubber  is  not  yet  understood ; it  has 
»sfce  thafc  the  sulphur  has  been  substituted  for  a portion  of  the  hydrogen, 
sulphur °6S  n0t  Seem  imPr°bable  that  the  caoutchouc  has  combined  directlyrwith 

Caoutchouc  is  by  no  means  rare  in  the  vegetable  world,  being  found  in  the 

1?-Ulces  t tHe  P°PPy  (an<l  thence  in  opium),  of  the  lettuce,  and  of  the 
■euphorbium  and  asclepm  families. 

Gutta-percha  (empirical  formula  C.HS),  like  caoutchouc,  is  originally 
a mi  y exudation  from  incisions  made  into  the  wood  of  the  Isonandra 
pti  c ta,  a native  of  the  Eastern  Archipelago.  This  juice  soon  solidities 
w en  exposed  to  air,  to  a brown  mass  heavier  than  caoutchouc  (sp.  gr. 
0-9  ) and  differing  widely  from  it  by  being  tough  and  inelastic  when 
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cold,  and  becoming  quite  soft  and  plastic  when  heated  nearly to  the 
boiling  point  of  water.  Being  impervious  to  water,  it  is  employed  as  a 
waterproof  material  and  for  water-pipes,  and  its  want  of  conducting 
power  for  electricity  is  turned  to  account  m the  coating  of  wires  for  the 

^G^-percha^s  dissolved  by  those  substances  which  ^olvecaout- 
chouc  It  is  not  affected  by  diluted  acids  and  alkalies,  and  is  used  toi 
keeping  hydrofluoric  acid.  It  melts  easily,  and  is  afterwards  decom- 
posed yielding  products  similar  to  those  from  caoutchouc. 

1 clSerciaf  gutta-percha  contains  only  about  80  per  cent,  of  the  hydro- 
carbon which  may  be  dissolved  out  by  boiling  with  ether ; the  solution, 
when  evaporated,  leaves  the  hydrocarbon  as  a white  powder  fusing  a 
ioo°  0.  The  portion  insoluble  in  ether  contains  two  resinous  bodies 


ioo°  C.  The  portion  insoluble  in  ether  contains  ovu 

soluble  in  boiling  alcohol,  which  deposits,  on  cooling,  a win  e C1)s. 

resin,  of  the  empirical  formula  C10H1GO,  and  retains  m so  u ion 

i • r(  tt  n The  existence  of  these  bodies  rendeis  it 

amorphous  resin,  ^ AO-^The  existence  resin  being 


amorphous  resin,  r>,0xx3,w.  , 1V  „ 

probable  that  gutta-percha  is  C20H  the  crystallm  . ” ntme° 

J < LT  O This  would  make  gutta-percha  a polymende  oi  tui pent  . 
E’lpoSe  to  S gradually  converts  pure  gutta-percha  rnto  these  resmous 

bodies  unless  light  is  excluded.  • in  n \ 

338.  Alcohols.— The  hydrocarbons  of  the  marsh-g^series^  gg) 

are  convertible  into  alcohols  by  substituting  the  radical  W 

for  one  of  the  atoms  of  hydrogen  : thus,  methane,  C 4,  3 d5 

alcohol,  CH3.HO  ; ethane,  C2H6,  yields  ethyl-alcohol,  C H5.HO, 

tTpupp  the  o-eneral  formula  of  these  alcohols  would  be  C„B2„+1.LLLL 
starting  from  CH..H0,  and  increasnrg  hy  suc- 

Cl?  H HO,  is  "also  termed  vinic  alcohol,  or,  when  mused  with 

may  be  combined  with  hydriodic  acid  to  obtain  ethyljodide,  O.H.i, 
wlifch,  when  distilled  with  caustic  potash,  yields  alcohol 

C.,H;I  + KHO  = C'.,HvHO  + HI.  . 

Naturally,  alcohol  is  found  in  some  unripe  fruits  It  occurs  in 
tor  n bone  oil  and  in  the  products  of  distillation  of  wood. 

‘ Preparation.  Alcohol  is  usuallymade 

lo^mefofabrown  LjTmay  be  dissolve^ m a pmt  (or  5oo  c.c^of  water 

in  a flask,  Li  about soon  begins  as 
rubbed  up  with  water)  added , , in  bubbles  of  CO.,  Hy  closing  the 

indicated  by  the  J tube  dipping  under  water,  the  rate  of  fermen- 

flasKwitb  a cork  furnisbedwitha  tube a PI  « when  very  nttle  more  gas  is 
tation  may  be  inferred  from  the  escap  .g  fttted  with  a tube  connected 

disengaged  (usually  aftei  a _>  distilled  as  lon°-  as  the  distillate  smells  strongly 

with  a condenser,  and  the  liquid  distiileajs  ^ seCond  distillation 

of  alcohol.  This  distillate  » over  will  be  much 

in  a smaller  flask  or  retort,  when  the  f P 1 ancl  dried  potassium  car- 
riclier  in  alcohol.  This  « ' frequent  shaking,  as  long  as  the 

layer  Aransferred  ,o  a small  flask 


resin 
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or  retort,  and  allowed  to  remain  for  some  hours  in  contact  with  powdered 
quick-lime  to  remove  the  water ; the  alcohol  is  then  distilled  off  in  a water- 
bath. 

The  mode  of  action  of  the  yeast  in  causing  the  production  of  alcohol 
from  sugar  is  not  yet  known.  Yeast  is  a vegetable  substance  ( torula 
cerevisice)  which  develops  from  minute  spores  or  germs  carried  by  the 
air  ; when  these  come  in  contact  with  a liquid  containing  the  nutriment 
necessary  for  the  yeast  plant,  they  multiply  into  a number  of  round  or 
oval  cells  arranged  in  branching  chains,  visible 
under  the  microscope  (fig.  275).  It  is  during 
this  growth  of  the  yeast  that  the  conversion  of 
the  sugar  into  alcohol  takes  place.  The  pure 
yeast  spores  will  not  produce  alcohol  from  pure 
sugar,  because  it  does  not  contain  the  sub- 
stances required  to  nourish  the  yeast ; but 
when  the  spores  are  introduced  into  grape- 
juice,  or  infusion  of  malt  (wort),  which  contain 
the  necessary  albuminous  matters  and  phos- 
phates, Ac.,  they  grow  and  cause  the  formation 
of  alcohol.  The  crop  of  yeast  thus  raised  may 
be  used  to  ferment  fresh  portions  of  sugar,  and  is 
the  more  efficacious  because,  when  it  is  removed 
from  the  surface  of  the  liquid  in  which  it  has  grown,  it  is  accompanied 
by  some  of  the  nutrient  materials.  When  yeast  is  added  to  a solution  of 
cane-sugar  (C12H22Ou)  it  causes  it  to  become  glucose,  by  combining  with 
the  elements  of  a molecule  of  water  ; C12H22Ou  + 1 1.,0  = 2C6II,.)06.  The 
bulk  of  the  glucose  is  then  decomposed  into  alcohol  and  carbonic  acid 
gas ; CGHI20G  = 2C,HgO  + 2C02.  About  95  per  cent,  of  the  glucose  under- 
goes this  change,  and  the  remainder  is  converted  into  other  substances, 
of  which  the  most  important  are  glycerin,  C3H.(OH)3,  and  succinic  acid, 
C2H4(C02H)2,  which  are  always  present  in  fermented  alcoholic  liquids. 
The  liquid  rises  in  temperature  during  fermentation,  on  account  of  the 
development  of  heat  in  the  formation  of  carbon  dioxide.  The  specific 
gravity  of  the  solution  decreases  as  the  fermentation  proceeds,  because 
solution  of  alcohol  is  lighter  than  solution  of  sugar.  A solution  contain- 
ing more  than  one-fifth  of  its  weight  of  sugar  is  not  fermented  by  yeast, 
and  when  the  alcohol  produced  in  the  fermentation  amounts  to  about 
one-fifth  of  the  weight  of  the  liquid,  the  growth  of  the  yeast,  and  there- 
fore the  fermentation,  is  arrested.  Ho  fermented  liquor,  therefoi’e,  can 
contain  more  than  20  per  cent,  of  alcohol;  port  wine,  the  strongest 
fermented  drink,  contains,  at  most,  17  per  cent.  The  yeast  does  not 
grow,  and  fermentation  does  not  take  place,  at  temperatures  below 
0 CJ.  (320  F.)  or  above  350  C.  (95°  F.).  The  fermentation  is  also 
arrested  by  strong  acids,  and  by  antiseptics  such  as  common  salt, 
kreasote,  corrosive  sublimate,  sulphurous  acid,  and  turpentine. 

In  sweat  wort  (infusion  of  malt)  the  yeast  increases  to  six  or  eight 
times  its  original  weight. 

On  the  large  scale,  alcohol  is  usually  made  from  the  starch  contained  in 
potatoes,  rice,  and  other  grains.  The  starch,  C6H10O,,  is  first  converted  into 
glucose  either  by  heating  it  with  very  diluted  sulphuric  acid  (afterwards 
neutralised  with  chalk),  or  bv  mixing  it  with  infusion  of  malt,  when 

C6H10O6  + H.,0  = CbH1208, 

and  the  glucose  is  fermented  by  yeast.  The  wash,  as  it  is  termed,  is  then  distilled, 
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the  stills  being  constructed  with  much  ingenuity,  to  effect  the  concentration  of  the 
alcohol  at  the  least  expense. 

Even  woody  fibre,  paper,  linen,  Sec.,  which  have  the  same  composition  as 
starch,  may  be  converted  into  glucose  by  the  action  of  sulphuric  acid,  and  may 
thus  be  made  to  yield  alcohol.  New  bread,  made  with  yeast,  contains  about 
0.3  per  cent,  of  alcohol,  and  stale  bread  about  0.12. 

339.  Properties  of  alcohol. — Characteristic  odour  and  burning  jtaste  5 
sp.  gr.  of  pure  or  absolute  alcohol  0.794  I5  C.  Freezes  at  13°  -5  j 
boiling  point  78°.3  C. ; takes  fire  when  a flame  is  brought  near  its  sur- 
face, and  burns  with  a pale  smokeless  flame.  Evaporates  easily  when 
exposed  to  the  air,  without  combining  with  oxygen.  Kept  in  a badly 
stopped  bottle  it  absorbs  water  from  the  air.  Alcohol  may  be  mixed 
with  water  in  all  proportions,  evolving  a little  heat,  and  giving  a mixture 
rather  smaller  in  bulk  than  the  sum  of  its  constituents.  This 
may  be  shown  by  filling  the  vessel,  fig.  276,  with  water  up 
to  the  neck  joining  the  two  globes,  carefully  filling  the  upper 
o-lobe  to  the  brim  with  (methylated)  alcohol,  inserting  the 
stopper,  and  inverting  the  vessel,  when  the  contraction  of  the 
mixture  will  leave  a vacuum  in  the  tube,  into  which  the  dis- 
solved air  from  the  water  will  discharge  itself  in  numerous 
Par  ere  bubbles.  The  greatest  contraction  occurs  when  the 
volumes  of  alcohol  and  water  are  nearly  equal  (52.3  measures 
of  alcohol  to  47.7  of  water,  or  one  molecule  of  alcohol  to  three 
molecules  of  water).  The  attraction  of  alcohol  for  water 
affords  one  reason  for  its  power  of  preserving,  animal  and 
vegetable  substances  from  putrefaction  by  removing  the  water 
necessary  for  that  change. 

Next  to  water,  alcohol  is  the  most  valuable  simple  solvent.  It  is 
especially  useful  for  dissolving  resins  and  alkaloids  which  ^®  mso^ble 
mg.  270.  in  water.  Many  salts  are  capable  of  combining  with  alcohol , just 

they  do  with  water  of  crystallisation ; examples  of  such  alcoho.ates,  as 

they  are  termed,  are — 


LiC1.4C.,H(10 

CaCl2.4C2HcO 


MgCL.6C„H60 

Mg(K0.t).;.6C’2H„0 


Uaoi.,.4.v.'.,n6w  V-*-'  . , 1 . 

Ethylates  are  compounds' formed  by  the  replacement  of  hydrogen  m gcMiol  by 

metals-  they  correspond  to  the  hydrates;  e.g.,  sodium  ethylate,  UH5.UA., 
aluminium  ethylate,  (CSH,0),AI,  Sodium  ethylate  is  used  in  surety  as  a oausti  . 
Water  decomposes  the  ethylates, gelding  “^hydmtes 

t>  • (('  H Ol  Ba  is  obtained  by  the  action  of  anhydrous  baiyta  on 

ab^liitT  alcohol!6'  i^tro^mss^er  precipitates  barium  hydrate  from  the  solution. 
Oil  heatino-  the  alcoholic  solution,  the  barium  ethylate  precipitates,.  bem0  e. 
soluble  in  hot  alcohol.  The  alcoholic  solution  absorbs  carbonic  oxide  m the  col  , 
yielding  a salt  isomeric  with  barium  propionate— 

•>  0 (C.,H-0).,Ba  + 2CO  = Ba(C.jH502)2.  . . , . 

. 7 . . ,7  7 ± tj  r\\  a]  ic  Y)roduced  by  heating  aluminium  in  alcono 

Aluminium  ethylate,  (G^O  P10™?  Educed  which  is  decomposed  by 
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little  solid  iodine,  and  then,  very  carefully,  weak  potash  till  the  liquid  is  iiwt 
bleached.  On  stirring  with  a glass  rod,  a pale  yellow  crystalline  precipitate  of 
wdoform .is  deposited,  and  its  odour,  resembling  that  of  saffron,  is  perceived  • 
U,ri6(J  + 6KHO  + Is=  CHI3  ( iodoform ) + ECHO,  (potassium  formate)  + 5KI  + eH.,0. 

Alcohol  may  also  be  recognised  by  the  production  of  acetic  acid  when  its  vapour 
is  mixed  with  air  and  exposed  to  the  action  of  platinum-black,  which  acts  bv 
favouring  oxidation  ; C,H0O  + O.,  = C,H,0,  (acetic acid)  + II.. 0.  If  a small  beaker 
be  wetted  with  alcohol  and  inverted  over  a watch-glass  containing  a few  grains 
•of  platinum-black,  the  liquid  will  soon  become  acid  to  litmus. 

In  contact  with  air  and  heated  platinum,  alcohol  yields  much  aldehyd  as  well 
as  acetic  acid  (see  Lamp  without  fame,  page  417).  ’ 

340.  The  usual  method  of  determining  the  strength  of  alcohol  is  to 
take  its  specific  gravity  by  measuring  a few  cubic  centimetres  of  it  into 
a light  stoppered  bottle,  the  weight  of  which  has  been  ascertained.  The 
weight  of  the  alcohol  in  grammes  will  be  its  specific  gravity,  very  nearly 
Rectified  spirit  has  the  sp.  gr.  0.838,  and  contains  84  per  cent,  by  weight 
of  alcohol;  proof  spirit  (spiritus  tenuior)  has  sp.  gr.  0.92,  and  contains 
only  49  per  cent,  by  weight  of  alcohol;  this  is  the  weakest  spirit  which 
wdl  answer  to  the  old  rough  proof  of  firing  gunpowder  which  has  been 
moistened  with  it  and  kindled.  Any  spirit  weaker  than  this  leaves 
the  powder  too  wet  to  explode,  and  is  said  to  be  below  proof  whilst  a 
• stronger  spirit  is  termed  over  ptroof. 

A spirit  of  30  per  cent.,  for  example,  over  proof,  is  one  which  re- 
quires 100  measures  of  it  to  be  diluted  with  water  to  130  measures  in 
order  to  reduce  it  to  the  strength  of  proof  spirit.  A spirit  of  30  per 
cent  below  proof  contains,  in  every  100  measures,  70  measures  of  proof 
spirit,  borne  confusion  occasionally  arises,  in  commerce,  from  the 
practice  of  calling  the  percentage  of  proof  spirit , in  a weak  spirit,  the 
percentage  of  alcohol,  which  amounts  to  only  about  half  the  percentage 
of  proof  spirit.  Ordinary  alcoholic  liquids  must  be  distilled  before  their 
alcoholic  strength  can  be  ascertained  by  specific  gravity,  on  account  of 
tne  presence  of  sugar,  colouring  matter,  Ac. 

A measured  quantity  of  the  liquid  is  distilled  in  a flask  or  retort  con- 
nected with  a good  condenser,  as  long  as  the  distillate  contains  alcohol; 
usually  one-third  of  the  bulk  may  be  distilled  over  for  wines,  and  more  for 
spirits  The  volume  of  the  distillate  is  then  made  equal  to  that  of  the 
iquul  before  distillation,  by  adding  water,  and  the  specific  gravitv  is 
determined  and  compared  with  a Table  of  alcoholic  strengths.  Since  the 
volume  of  the  weak  spirit  obtained  is  the  same  as  that  of  the  original 
liquid,  the  percentage  of  alcohol  indicated  by  the  Table  will  be  that 
piesent  in  the  liquid  under  examination. 

a <HvpnTlia^a”e  °/  a*cok°l  cannot  be  calculated  from  the  specific  gravity,  since 
from  sn  f t r f °u  n0t  corrfPond  to  a constant  quantity  of  alcohol.  ‘ Thus, 

0 0071  m flip  «i"ater  t0  0-9493  ^35  per  ceufc-  by  weight  of  alcohol)  a decrease  of 
beJeen so ts  an  increase  of  about  5 per  cent,  of  alcohol,  while 
decrease  nf  nm/P  (40  per  cent,  alcohol)  and  0.8363  (85  per  cent,  alcohol)  a 
alcohol  0104  m SP’  g1"’  corresPonds  to  au  increase  of  about  5 per  cent,  of 

mSS-Le‘^-SPngr-  t0  0-9.bS°i  then  1 - .9650  = . 035,  and  .0354-. 0071  =4.92  • 

quantity  efvenln  the  fable  24'6  f°r  the  porcenta"e  of  alc°hol,  whilst  the  exact 
from  nAv  1 n m the  tables  is  25  per  cent.  Again,  a sp.  gr.  of  .8847  deducted 
by  c ceat.  alcohol)  gives  .0551  ; dividing  this  by  .0104  and  multiplying 

giving  65.°  6 ’5’  WhlCh’  added  t0  40,  gives  66.5  per  cent,  alcohol,  the  Tables 

If  ibo/r  fIculatinlthe,  proximate percentage  of  alcohol  from  its  specific  qravitv  - 
below  n1o<?493i’  mtdtlP1y  the  difference  between  the  sp.  gr.  and  1 by  704  IF 
• below  .9398,  subtract  the  sp.  gr.  from  this,  multiply  by  480,  and  add  40  4’ 
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The  weakest  fermented  alcoholic  liquor  is  porter,  which  contains  about  4 per 

cent,  by  weight  of  alcohol;  the  strongest  is  pm  , w ic  Alcohol  being 

cent.  Distilled  spirits  vary  greatly  m strength  so  pe  cent.  of  alcohol  being 

about  the  average,  though  some  samples  containjo  per  ce  spirit  with 

Methylated  spirit  is  a nature  of  ,o  parts  by 

zzsszi*  -- 

brown  with,  strong  sulphuric  acid.  , -1  -l.j.  if  ic  decomposed. 

water  (72)  crystallises  at  -34  C.  W unfrozen  liquid,  and  when  the 

out  until  the  compound  GH/J.qH./J  is  leit  as  u , , w,  solidified, 

temperature  reaches  - 34°  itr  remains  constant  till  the  whole  has 

341 . Alcohol  is  the  most  important  member  of  the  class  of  mmutij ^ 
alcohols  derived  from  the  hydrocarbons  of  the  paraffin  series  bvthe ^sub 
qtitntion  of  hydroxyl  (HO)  for  one  atom  of  hydrogen  kike.  thes 
“ca“bls^eU  they  form  an  homologous  «£, 
additions  of  CH2.  The  principal  members  at  present  known  aie 

in  the  following  table  : — 

Monohy&ric  alcohols , CJlHJ)„+1.HO. 


Chemical  Name. 

1.  Methyl-alcohol 

2.  Ethyl  ,, 

3.  Propyl 

4.  Butyl  ,, 

5.  Amyl 

6.  Caproic  ,, 

7.  (E nan t hie  ,, 

8.  Caprylic  ,, 

9.  Nonylic  ,, 
10.  Rutic  >> 
16.  Cetylic  ,, 
27.  Cerylic  ,, 
30.  Melissic 


Source. 


Distillation  of  wood 
Fermentation  of  sugar 

grapes  . 
’’  beet 

; potatoes . 

grapes  . 

( Distillation  of  castor-oil) 
\ with  potash  . . J 

Essential  oil  of  hog-weed  . 
Nonane  from  petroleum  . 
Oil  of  rue 
Spermaceti 
Chinese  was 
Bees’  wax 


Formula.  i Common  Name. 

Wood-naphtha 
Spirit  of  wine 


CH3.HO 

c„h5.ho 

c:h7.ho 

C.H0.HO 

C,Hn.HO 

C,H13.HO 

C7H15.HO 

C8H17.HO 

G.jH19.HO 

c,.Ha-HO 

C,A,HO 

C27HS5.HO 

C3.HU.H0 


Fousel  oil 


Ethal 

Cerotine 

Melissine 


The  great  chemical  feature  of  this  series  is  that  each 
when  oxidised,  of  yielding  an  aldehy  d,  3 ri  Oihydroxyl)  ’for  H in  the 

( i tt  tto  yields  common  ether,  h2Li..U.o2n5.  ...  moncr 

the  members  of  homologous  sene  the  ordinary  temperature,  possess 

'first  seven  members  of  the  senes  ye  X ‘eSnfltoSSh  unchanged.  Methjhc 

peculiar  and  powerful  d nronortions  with  water,  but  the  third  member, 

and  ethylic  alcohols  mix  m all  1 P . ig  not  s0  to  an  unlimited  extent, 

propylic  alcohol,  though  Heel} jj  J amylic  alcohol  is  very  sparingly  soluble, 

while  butylic  alcohol  is  less  soluble  and  amy. w in  water,  while  caprylic 

>“&e“:  ^"athois  which  may  be  distilled  without  decern- 
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posing  show  a nearly  regular  increase  in  the  boiling  point  for  each  addition  of 
CH2  in  the  formula,  as  shown  in  the  following  table : — 


Boiling  points  of  the  monoJtydric  alcohols. 


[ 

Boiling-  Point  C. 

Increase. 

Methyl-alcohol,  CH,0  . 

O 

60.0 

O 

Ethyl  „ C.H.0  . . 

78-5 

18.5 

Propyl  „ CsHsO  . 

97-5 

IQ.O 

Butyl  „ C,HluO  . . 

1 17.0 

19-5 

Amyl  ,,  CsH,.,0  . 

137-0 

20.0 

Caproyl  „ C(iH,,0  . 

i57-o 

20.0 

This  gives  an  average  difference  of  190 .4  C.  for  each  CH„  added. 

342.  Methyl-alcohol,  or  carbinol,  CH3.OH,  is  met  with,  in  a very  im- 
pure state,  as  wood-spirit,  or  pyroxylic  spirit,  or  pyroligneous  ether,  or 
wood-naphtlia.  When  wood  m i.istilled,  the  condensed  products  separate 
into  two  layers,  the  lower  of  which  is  wood-tar , and  the  upper  is  a 
mixture  ol  waier  with  methyl-alcohol,  pyroligneous  or  acetic  acid,. 
OHj.COjH,  acetone,  CH3.CO.CH,,  methyl-acetate,  C II. ,0(3.0 CM,,  Ac. 
On  distilling  this  upper  layer,  the  portion  collected  below  ioo°  0.  con- 
tains these  bodies  ; on  adding  chalk  and  re-distilling,  the  acetic  acid  is 
retained  in  the  still  as  calcium  acetate,  and  the  distillate  is  sold  as  wood- 
naphtha.  Its  yellow  colour  is  probably  due  to  pyroxanthin,  and  the 
milkiness  produced  by  adding  water  is  due  to  certain  oily  substances 
which  cause  its  peculiar  odour.  In  order  to  obtain  methyl-alcohol,  the 
wood-naphtha  is  distilled  with  quick-lime  to  remove  water,  and  heated 
w-ith  fragments  of  fused  calcium  chloride,  which  dissolves  in  the  methyl- 
alcohol  to  form  a crystalline  compound,  CaCI, (<311,0).,.  This  mixture  is 
then  poured  into  a retort  placed  in  a water-bath,  and  heated  to  100°  C. 
.is  long  as  acetone  and  methyl  acet.ate  distil  over.  An  equal  weight  of 
water  is  then  added,  which  decomposes  the  compound  with  CaCl,,  and, 
on  continuing  the  distillation,  methylic  alcohol  passes  over  accompanied 

y some  water,  which  may  be  removed  by  contact  with  quick-lime  and 
distilling. 

Methyl-alcohol  is  more  easily  obtained  pure  by  boiling  the  wood-naph- 
awith  anhydrous  oxalic  acid  in  a flask  with  a long  condensing-tube,  or 
a reversed  condenser,  until  the  methyl-alcohol  is  converted  into  methyl  ox- 
a (lfe>  w^ich  separates  in  crystals  on  cooling.  The  crystals  are 

co  ected  on  a Alter,  washed  with  water,  and  distilled  with  solution  of 
potas  1,  (CH3).,G,,04  + 2KHO  = K.,C„04  + 2(CH3.HO).  The  methyl-alcohol 
c is ills  over  with  some  water,  which  may  be  removed  by  quick-lime. 

- uch  methyl-alcohol  is  now  obtained  by  distilling  the  refuse  of  the 
eet-ioot  sugar  manufactory,  and  has  become  important  as  the  source 
of  many  methyl-compounds  employed  in  making  dyes. 

Methyl-alcohol  in  an  impure  state  is  used  as  a solvent  for  resins  in 
making  varnishes. 

Properties  of  metliyl-alcohol. — Much  resembling  ethyl-alcohol,  with  a 
somewhat  different  odour  •;  sp.  gr.  0.7997  at  160  C.,  boiling  at  6o°C.;  very 
m ammable,  burning  wflth  a pale  flame.  Behaves  like  alcohol  to  the 
c iromic  and  iodoform  tests;  but,  in  the  presence  of  air  and  platinum- 
TTPC? ■ire^S  (formic  aldehyd,  HCOH,  and)  formic  acid,  CTIrOH  + 0.,  = 

3 .,11  + H20.  The  formic  acid  may  be  distinguished  from  acetic  by 
1 s property  of  reducing  silver  ammonio-nitrate  to  the  metallic  state 
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when  warmed  with  it.  Hence,  methyl-  and  ethyl-alcohols  may  he 
distinguished  by  distilling  them  with  dilute  sulphuric  acid  and  potassium 
dichromate,  when  the  former  yields  formic  and  the  latter  acetic  acit . 

343-  Propyl-alcohol,  or  etlnjl-carUnol,  CaH,.OH,  or  CH2.C,H5.OH,  is  found  in  the 
latter  portions  of  the  distillate  obtained  in  rectifying  crude  spirit  of  wine  it 
smells  like  alcohol,  has  the  sp.  gr.  0.82,  and  boils  at  97. -5  c-  , tho 

water  it  may  be  separated  by  saturating  with  calcium  chloric  e, 
propyl-alcohol  rises  to  the  surface,  which  would  not _be  the  case  with  ethy 
alcohol.  When  oxidised,  it  yields  propyl-aldehyd,  C.,HvCOH,  and  propylic  aci  , 

0'~}i\S,hSyUdcohol,  C4H,.OH,  originally  so  called,  and  mentioned  in  the  table  at 
p.  490,  as  obtained  by  the  fermentation  of  beet-root,  and  also  by  the  d 
of  crude  spirits,  is  now  called  fermentation  butyl-alcohol,  or  isobu  y lc  ’ 

distinguish  it  from  the  normal  buiylic  alcohol,  which  is  the  real  member  of  this 
homologous  series  of  alcohols.  The  two  alcohols  contain  t esame  p P 
of  C,  H,  and  O,  but  the  fermentation  butyl-alcohol  boils  at  106  C.,  and  th 
cannot  be  the  normal  member  of  this  series,  which  requires  an  a\  . g ‘ 

of  19°. 4 C.  in  the  boiling  point  for  each  additional  carbon  atom  (see  p.  49 W 
Since  propyl-alcohol  boils1  at  97°-5.  the  normal  butyl-alcohol  shmrlcl  bo'l “ 
about  ii6°.9.  Of  the  difference  between  these  alcohols,  and  the  theoretical 

explanation  of  it,  more  will  be  said  hereafter.  _ 

The  fermentation  butyl-alcohol,  C4HD.OH,  or  isopropyl-carbiml , OH  C H OH 
has  the  smell  of  fousel  oil,  which  often  contains  it.  _ it  ! °4i-ht  to 
much  less  soluble  in  water  than  propyl-alcohol,  requiring ^ ten  times  ^ 
dissolve  it.  Most  salts  soluble  in  water  cause  it  to  sepaiate  on  the  suria 

^Normal  butyl-alcohol,  C4H9.OH,  or  propylcarbinol,  CH2.CSH  OH  has  sp^gn 
0.S24,  and  boils  at  117°  C. 4 It  is  obtained  by  acting  upon  butyl-aldehyd  with 
water  and  sodium  amalgam  to  furnish  nascent  h5  d^°Seu  , 

C H COH  ( butyl-aldehyd ) + H„  = CH„.C3H7.OH  (butyl-alcohol). 

The  history  of  amyl- alcohol  resembles  that  of  butyl-alcohol,  the  name 

odour  is  very  characteristic,  and  the  vapour  occasions  cougmn0  an 

the  hydrogenation  of  valeric  aldehyd,  C4H  COH . its  smeu  ie 

fousel  ail,  and  its  sp.  gr.  is  nearly  the  same,  but  it  boils  at  i37  O. 

it  yields  valeric  aldehyd  and  valeric  acu  , 04  9.  2 • „ qjj  boiling  at 

and  yields  the  alcohol  when  distilled  with  potash 

andyiems  RH(J  = G HirOH  + KC4H70 2(potassiumbutyrate). 

alCOh°1, 

and  boils  at  149°  C. 


KC.,H302  ( potassium  acetate). 


iils  at  165°  C.  77PTt  oh  or  hevtul-carbinol,  CH,.C,H15.OH,  is  obtained 


distilling  j.--  . • , 

alcohol,  isomeric  with  it,  and  foun 

boils  at  165°  C. 

acetate,  of  which  the  oil  chiefly  c0°s!*tb 

C8H17.C2H302  + KHO  = C8H17.OH 
It  has  the  sp.  gr.  0.83,  and  boils  at  191  O. 
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Nonylic,  C9H19.OH,  and  rutic  or  decatylic  alcohols,  C10H.,,.OH,  are  very  imper- 
fectly known,  and  those  containing  n,  12, 13,  14,  and  15  atoms  of  carbon  have 
not  been  prepared. 

Cetyl-alcohol,  C16H33.OH,  or  ethal,  is  obtained  from  spermaceti,  found  in  the  brain 
ot  the  sperm-whale.  This  substance  is  cetin  or  cetyl  palmitate,  and,  when  boiled 
tor  some  time  with  potash  dissolved  in  alcohol,  it  yields  cetyl-alcohol  and  potas- 
smm  palmitate  ; CI6H  C16H3102  + KHO  = C16H33.OH  + KCI6H3102.  On  mixing  the 

alcoholic  solution  with  water,  the  cetyl-alcohol  is  precipitated  in  the  solid  state 
being  insoluble  in  water.  Cetyl-alcohol  is  a crystalline  body,  fusing  at  40°.  c C ’ 
and  boiling  at  400°,  distilling  with  partial  decomposition. 

Ceryl-alcohol,  or  cerotin,  C27H5S.OH,  is  prepared  from  Chinese  wax,  the  produce 
ot  an  insect  of  the  cochineal  tribe.  It  consists  chiefly  of  ceryl  cerotute,  and  when 
iusecl  with  potash,  gives  cer}rl-alcokol  and  potassium  cerotate — 

C,>7H55.C.,7H5302  + KHO  = C27H5..OH  + KC„7H530„. 

Ey  treating  the  fused  mass  with  water,  the  cerotate  is  dissolved,  and  the  ceryl- 
alcohol  is  left,  and  may  be  obtained  in  crystals  by  dissolving  it  in  ether  Its 
fusing  point  is  79  C.  ° 

MelissylalcoJiol, or  melissine,  CS0H61.OH,  is  derived  from  lees' -wax.  When  this  is 
boiled  with  alcohol,  about  one-third  of  its  weight  is  left  undissolved;  this  is 

tovielrl  By  fusing  this  with  potash,  it  is  made 

fusing  at  88°  C pabnitate  ancl  melissyl-alcohol,  which  is  a crystalline  substance, 

345«.  Mekcaptans,  or  thio-alcoliols,  or  sulphur  alcohols,  are  derived  from  the 
alcohols  by  the  substitution  of  sulphur  for  hydrogen. 

Mercaptan,  C2HVSH,  was  named  from  its  remarkable  action  on  mercury-corn- 

pSsLK^os^phSL  IS  PI9pared  b?  <liStilU°g  calclum  ^P^thylate  with 
Ca(C2H5S04)2  + 2KSH  = CaS04  + K..SO.  + 2(C,H,.SH) 

Calcium  sulphethy late.  “ 

potashoTsr,"  f f “ made  by  Passing  H2S  tolaturation  into 

potasn  01  sp.  i.  1.3  and  this  is  distilled,  m a salt-and-water  bath  with  an  emnl 

themper  ^ver'of  the^istillatp^^M64^^^6  °-f  s£  gr’  ^ The  ““captan  forms 
X lf  s°  vlS  r 1 Mercaptan  is  characterised  by  its  powerful  smell 
ox  gaiiic.  it  is  a volatile  liquid,  of  sp.  gr.  o.8t?,  and  boils  it  O a riv™ 

MZen  na  -ptalline  mass  $ts  own  evaporatL  if  bt 
alcohol fnd^thel-16' IMs^innffft  soluble  in  water,  but  dissolves  in 

act  upon  it  as  in  the  n«!  nf 1 n by  cailftlc  alkalles>  but  potassium  and  sodium 
mercantile  O H SK  C°b°  ’ <llSp  acln-  hydrogen  and  forming  potassium 

in  water  2 S'&K’  1 lUm  mercaPud^  which  are  crystalline  bodies  soluble 

wlhterCmysta°mfee  tend?™™1*  mercaptan’  evolving  much  heat,  and  forming  a 

fr0m  “ -*«*»  of  mercaptan. 

tion  sires  wUh  merrari^H  bl?  mercaPtan. bllt  b°Hs  at  92"  C.  Its  alcoholic  solu- 
sfhjl  dimlpMe,  or  of  fAl^HgOh. 

an  alliaceous  liquid,  boiling  at  151°  C ’ + 12- 2HaI  + (C2H5)2S2.  It  is 

dilf te^iiS^aciSn ( et hvl  f ul’nV  f SJn$J  resillting  from  the  action  of 

by  heatino-  the  d sulphide  whh1*  ^ulphide,  (C2H5)2S3,  is  produced 

product  nf  t P f sulphur.  Di -ethyl  tetrasulphide,  (C'.HA.S  is  the 

(0  H’lS  4 -urn  dl"slBpbur  dichloride  on  mercaptan  ; S2CL  + 2(0  H4'SH1  = 

diS^wntasulphide  '^^^^ss  oih  wMch  is  converted  into  an"  elastic  mass  of 
j ± Mbiupniae,  (02H5t2S4,  by  heating  to  150°  C.  in  contact  with  sulphur. 
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Di-ethyl  di-oxysvUtpldde,  or  ethyl  sulphone  <C2H  l2S0a,  to  a 
body  formed  when  ethyl  sulphide  is  oxidised  by  strong  nitric  acid  it  fuses  at  70 • G. 
nouy  luirneu  Wiic  J cjnhlimes  at  ioo°  C.  It  is  soluble  in  water  and  alcohol. 

anWhen  ethyl  sulphide  and  ethyl  iodide  are  heated  together  with  a little  water 
Xosits6 colourless  SSSd  X mm SaW  “for 

radicals,  giving _ 1 attached  to  four  monad  radicals,  viz.,  (C2H5)3  and  I.  By 

f i-r  nrr  4-  PS  + KOH  = HOH  + C.,IL.O.CS.,K  ( potassium  xantliate).  ilus  salt 

appaient  y Cuprous  xant hate.  Xanthopenpersulpk.de. 

or  lactic  acid,  C.,  4(  )•  , j.t „ xanthate  is  formed  when  CS2  acts  on 

oxidised  by  nitric  acid  ; similar  treatment  also  P^e  iodide  is  heated 

C2H5I  + Na2.0.S02  - ^Imbd  of  so  -r  n and  may  be  crystallised  by 
Ethyl-sulphomc  acid  is  an  oily  I ‘ ® ’ U03t  easiiv  decomposed  by  heat, 

cooling.  It  forms  very  solu  e > c H qLI,  by  the  substitution,  for 

80,0 Hji  S^H  og^-gg; 

"dd  “aj  be  rei'a“d  bT  C1' 

be“  obtoinecl  from  ,he  alcoh°ls 

formed  a^ohols.^ob  glycols. — The  monohydrie  alcohols  may 

346.  I j nn  f]ie  model  of  a molecule  of  water,  H,0,  by 

be  regarc  ec  as . 01  . someunivalent  radical  such  as  ethyl,  C,IL, 

^^f^a^KhydSrbon,  such  as  ethane,  C2Hfi,  by  the  loss 
derived  from  a parafli  > hmfmt  of  wllich  has  left  the  residue,  C2H  , 
of  an  atom  of  , If  tw0  atoms  of  hydrogen  be  removed 

with  a one-atom  fixing  ] it  wouid  leave  a residue  of 

from  a paraffin-hydrocai  t , ' n jj  and  if  the  place  of  the  absent 

two-atom  fixing  power,  lice  ’ \ 4^  ps  /Hq),  a dihydric  alcohol, 

hydrogen  be  o-gg*' mV  be  WvJd  formed 

SiA*  vrlecule  of  ",ater’  H’(H0>!’ 1,1  ’ 

hae^rcreHl(OHtf  orlihii-ahoM,  is  a much  more  artificial  product 
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than  ethyl-alcohol,  having  been  discovered  as  lately  as  1856.  It  has  at 
present  no  practical  application,  but  it  will  be  seen  that  its  importance 
to  theoretical  chemistry  is  very  great. 

Preparation  of  cjlycol. — Glycol  is  prepared  by  decomposing  ethene 
di bromide  with  potassium  carbonate.  Ethene  (p.  472)  is  first  con- 
verted into  ethene  dibromicle  by  passing  it  slowly  into  50  grammes  of 
bromine  under  water,  well  cooled,  until  the  bromine  is  bleached,  or 
nearly  so.  The  heavy  layer  of  ethene  dibromide  is  shaken  with  a little 
weak  potash,  the  upper  watery  layer  drawn  off,  and  50  grammes  of  the 
dibromide  are  heated  with  40  of  potassium  carbonate  and  100  of  water 
for  eighteen  hours,  in  a flask  provided  with  a reversed  condenser  (fio-’ 
277);  when  ethene  dibromide  no  longer  condenses  and  runs  back,  the 
condenser  is  placed  in  its  proper  position  and  the  contents  of  the  flask 
distilled.  After  all  the  water  has  passed  over,  the  flask  is  strongly 


Eig.  277. — Reversed  condenser. 

f7  & Buns?n  burner>  when  the  glycol  distils  over.  The 

action  of  potassium  carbonate  on  ethene  dibromide  is  given  by  the 
equation  G H4Br  + K3C08  + H.,0  = C2H4(HO)„  + sKBr  + CO  which  ex- 

effe^hethe  lt6ndenT  °f  f °;alille  reagents,  in' the  presence  of  water,  to 
ettect  the  replacement  of  halogens  by  hydroxyl. 

andX^tlnX^'X  1colourless  liquid,  less  mobile  than  alcohol, 
i • ^m°st  lnodoi>ous  It  has  a sweet  taste,  sp.  gr.  1.125  at  o°,  and  the 

fiiS Hbo°n  mg  P01fnt  197  °‘  ItS  Val,our  is  ^flammable,  but  mil  not  take 

alcohol  Z X t6mP“  Hke  alcohoL  G1^ol  mixes  with  water  and 
alcohol  in  all  proportions,  but  ether  does  not  dissolve  it. 

modified  “ general 1 resemblahce  to  alcohol, 

alcohol,  evolving  hydSen  md  SSVin  J ’ S°  dl?ssol7ves  111  glycol,  as  in 

C,H  OH.ONa,  XTat'T  ifeXX 

with  more  sodium,  a second  atom  of  H i aG#'i  v On  beating  this 

disodic  ethylenate  C II  (ON-ii  ^placed,  3 lelding  disodium  glycol,  or 

sodiumh/Se!’  2 )a>  ^ater  converts  both  compounds  into  glycol  and 
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Glycol  chlorhydrin  is  glycol  in  which  one  hydroxyl  group  has  ^en  replacedRy 

C> ; « ' «« iS  gW®**  ggfgf  fiSci  + HOH  It  has  ‘also8  be™ 

d*  with  hXocU=  acM  „C,0. 

»* » — bte 

“'ihetost  product  of  the  oxidation  of  alcohol  is aldehyd the  formation  of  ' which 
is  most  clearly  shewn  by  writing  the  formate  thus : alcohol 

a“'S^nx  .^a7^  ss^ 

£2T iwo ab&s ^CoUo  acid,  CO.  OH. CH,.  OH,  or  C,H40„  and  exahe  aad, 
CB?h£°in°HglyLl!‘n  a"' sealed  tube  with  ethylene  oxide,  iUthene  triMd, 

respo?dS;tlll?only  few  haye  as 'yet  been  examined;  these  are  given  m 

the  following  table  :—  rTTm 

Dihydnc  alcohols  or  glycols, 


Ethylene-glycol,  C2H4(HO)2 
Propylene  ,,  C3H6(HO)2 

Butylene  ,,  04H8(H0)2 


Amylene-glycol,  C5H10(HO)2 
Hexylene  ,,  C6H12fHO)2 

Caprylene  ,,  C9H1B(HO)2 


They  are  prepared  in  a ^^rway  most  carbon 

S^e6  a Toweranspecific  gravity  tlmn  tho^on^g  e'SS  a 

observed  in  other  homologous  sen  . 1 C0h0ls  form  several  isomerides, 

— b“  - ^ 

';rn  rsHtS 

propane,  °>H»,  by  th°  * triliydric  alcohol,  glycerin,  0,Hs(H0)„ 

fixing  powei  capable  01  1 & 4 tiie  model  of  a treble  mole- 

Lve  been  replaced  by  (W 
fats,  which  are  thence 

it  may  be  l™Pare'’  is  Js0  formed  during  the  alcoholic  fermenta- 

called  glycerides,  Grlycenn  1 _ peer  and  wine. 

«»  lower  of  which  con- 
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sists  of  glycerin  dissolved  in  water;  this  is  evaporated  to  expel  the 
water  until  its  sp.  gr.  reaches  1.15;  it  is  then  introduced  into  a still 
and  steam  of  1 xo.  is  passed  through  it  as  long  as  the  condensed  water 
is  acid;  it  is  then  distilled  over  in  a current  of  steam  heated  to  1800 
and  condensed  in  a receiver  which  is  kept  too  warm  to  allow  the  water 
to  condense,  so  that  the  glycerin  is  obtained  nearly  pure.  The  chemistrv 
ot  the  process  is  very  simple.  Palm  oil  is  propenyl  palmitate,  and  is 
decomposed  by  water  at  a high  temperature  into  propenyl  hydrate,  or 
glycerin,  which  dissolves  m water,  and  palmitic  acid,  which  forms  the 
oily  layer  above  the  solution  of  glycerin  in  the  receiver 

WW>A  + 3H0H  = CA(°h)3  + 3HC1gH3.0.>. 

...  Palnntni.  Glycerin.  Palmitic  acid. 

°c^Cai°rmS  a White  CryStal]ine  soUd  0,1  cooling.  “d  is  used 
Glycerin  is  contained  in  the  refuse  liquor  of  the  <?mn  v,  • 1 

after  precipitating  the  dissolved  lead  by  H S obtained  by  evaporation 

c “hS7  fT  b?  COmbi"in®  “ with  chlorine 

convert  if  “with  iodine  chloride  to 

.about  twenty  tfmS  votaml tf  o c“W  r " T?8? 

C.HsI,  + 3HOH  = C1H,(OH),  + 3HI  ’ C"  “ 15  converted  into  glycerin; 

s/srlTiZ  °{t  “I ",‘;7EfseI“bIes  syrap  in  taste  and  consistency; 
i b boils  at  290  C.,  but  then  undergoes  matin  1 

t.ZCni  kent  ’ l,'fh%T<Jatae  at  IO°"  C-,  but  not  at  the  ordinary 
perature.  If  kept  at  o C.  for  some  time,  a strong  aqueous  solution 

of  glycerin  deposits  crystals,  especially  if  a ready-made  c?ysW  be  intro 
duced;  pure  glycerin  solidifies  at  -40"  C.  to  a r,  “ • 

does  not  inflame  until  it  is  heated  i g mass:  Glycerin 

resembling  that  of  alcohol.  It  absorbs  walel  e“  ily  f”m  Se  dr^Td 

Glycertofe ‘“edZ4  “ 7*-  *"?  aIcoho1' but  “ ^nble  in  ethL. 
account  of  ds  neve!  sweetening  by  confectioners  and  brewers,  and,  on 
account  ot  its  never  drying,  it  is  useful  in  many  cases  when  it  if  desired 

verJhT oZlvcm in”'6  ^ ***  with  1 equal 

easn,  sit  17%?™’ being  mudi 

* - £ 

mostSta  reSf  SSbeS  r extensivf  solvenfc  powers,  like  alcohol,  dissolving 
metallic  ^ ““  ^ «*  » 

actb;°„T3kmX™te  on ' 7 *° the  fthy,ktf  may  be  0btained  br  ‘he 
propenylate,  C H (OH)  ONa  nn  ^'ceiin  iss°lve(l  m alcohol,  viz.,  sodium 
Olvpor-b  1 3 5 x • , 1 a,ancl  (l'lS0(l'lum  p>ropenylate , C..H..OH  (OhM 
Ulycenn  does  not  yreld  an  aldehyd  whenWdised,  but 

K K 
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C,H8(OH),.COH,  has  been  obtained  by  electrolysing  a mixture  of  glycerin 

W 1 Wlmn1" Wcenn  ^carefully  oxidised  by  nitric  acid,  it  yields  glyceric ^acuL, 

O H OH)  ^O.OH,  which  is  also  called  di-hydroxypropionic  acidp since  it 

. - p rr  ruy  qtt  ^ which  H,  have  been  replaced  by  ( )■>• 

is  propionic  acid,  C2H..OO  U±l,  in  which  i an  exceedingly 

- r \ ^ 

of  smouldering  candles  made 

of  tallow  and  other  glycerides  ]ycerin  is  distinguished  is 

Another  important  piopei  y y ^ vr0penyl  trinitrate, 

that  of  conversion  into  of  A strongest 

23^  ootoled “ 

:?  S placed  ^m^an  "nd  "struck  with  the  hammer,  detonates 

W Tto  thSe^cerins  at  present  known  are  given  below. 

Trihydric  alcohols,  or  Glycerols,  CnH2„ ^(HO)^. 

Propenyl-glycerol,  C3H6(HOL  | gexeT/l  ° ’ cXiCHO), 

<W& 

(addition  of  a little  + CO  t H.O  ; 

C H (OH)  .CH02=C3H5.0H  + H20  + C0r  96°.6  c By  0xida- 

-**  -*  c-H-caoH' 

Crude  wood-spirit  contains  a little  ^t.lined  from  allyl  alcohol  by  the 

a reversed  condenser  forborne ^h’ distilled,  when  propargyl  alcohol, 
the  mixture  is  then  saHua  t - wpich  may  be  removed  by  k?C03. 

C H OH,  passes  over,  dissolved  n * • 6 and  boiling  point  1 15  C., 

Propargb  alcohol  is  a fragrant  liquid  otsj). (rom  other  alcohols  b> 


responding  to  the  0,1  P _ c H5.CH2.OH  (benzyl  alcohol)  + C,H#.  ■ 11 

alcohol,  2 o 5 . , ' naenpnt  hvdrogen 


^lTcanZaiasoe)be  made  from  benzoic  acid  by  the  action  of  nascent  liydiogen 
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*° a hom“e  "***»  ot  “•  -Mi 


rn?  r , T iA4-  ^6n5.^n;,.Uil  + H.,U. 

J !6!^3  C?±-  ^0li  and  Peru>  andstorax,  yield  benzyl  alcohol  when  distilled 

stsri?  <,eco“pose  th° benzpi  b™»te  -»»^s£ss 

alc°bo1  is  an  oilJ  liquid  heavier  than  water  (sp.  gr.  x o6l  boilino-  it 
benzol  add!dlSmg  C°nVert  Jt  int°  benzaldehyd  (bitter-almond  oil)  "and 


Cinnamijlalcohol,  C0HD.OH,  or  styryl  alcohol,  or plienylallyl  alcohol,  C H C H OH 
i storax,  a fragrant  balsam  exuded  by  the  My  rax  officinale,  a 
and  Arabia,  sometimes  nserl  o * v__  nr. 


K-  lr^ran"  Daisam  exuciecl  by  the  My  rax  officinale,  a 
uee  round.  in  byna  and  Arabia,  sometimes  used  as  a pectoral  remedv  Wh™ 

nlh,1V1,'8Atr’  for  somo  h°l™  "*>'  “ ™ak  solution  EX  and  ihe  reStae 

obtained^  Th  Vlid«tanA°i‘,  6 •l'°r  “,d  i'lcoho1’  n“<lle-lit«'  crystals  of  are 

uuMiuiu,  xms  substance  is  cinnami/l  cmnamate  OH  otto  . • i,r 

alcohol  and  potassium  cinnamate  when  distilled  w°ith  KHO—  “ & 1 inam- 

CgHg.CjHyOj,  + K 0 H = C9H9.OH  + KC  H 0 

neeSwSoffte  al  sV^and  MaS-  <VT‘,f*i'  “ or)'stollises  «» 
but  easily  in  alcohol  or  ethel  When  osidSd  hi  dissolves  sparingly  in  water, 

black,  it  is  converted  into  cinnamic  SdS,  c H700H  wMch  1s°the°f 
stituent  of  the  fragrant  oils  of  cinnamon  ai  d cassia  tmTS  i k ch?e: E C0U' 
oxygen,  and  becomes  cinnamic  acid,  C H CO  OH  T °Wly  abs01'bs  more 

d,  bile  and  in  other 

alcohol,  for  C H OH-fHirm  on  } asc  itod  as  a homologue  ot  cinnamvl 
acid,  it  wm Ste TeiSS'’  ^ “ “ t,oes  «*  f°™  an  aldehyd  or  an 

salicyi  alcohol  ; C„H„0,  (salicin)  + H.,0  = C,H*  0 M,“cosb  + C HgOgnw°Se 

-brijthrite,  erythro-mannite,  or  phvcite  C H iom  wares;. 

hydnc  alcohol.  It  is  obtained  from  certain  li. .. H."  , fteu  classed  as  a let  ro- 

ot OrclieUa  weed,  by  boilino-  with  milk  of  li  ° 1 tin’  S-UCb  HS  tbe  ^occe^a  tinctoria, 
of  lime  by  CO,,  evipoSSSI  the  f hme’  bt?nn-  Precipitating  the  excess 

when  ervthrite  crystallines^  ont  in  nn-m  \S.ma11  bulk’  and  treating  with  alcohol, 

PSNi’»- «?  “ptsive  £1trog?cerfa,me  °£ 

•C4H6(OH)  + H.  CO.  OH  (formic^id)  — C^ (OH W bf  ^ at  about  200°  C-  ? 

Heated  with  KHO  ervtlwitels , V(,  • l2  (erythro-glycol)  + 2H.0  + C02. 

C,.H6(OH ).,  + 3KHO  = K2C204  + KC,H  oTh  0 +aH  P°tasslum  oxalate  and  acetate ; 

saturated^wit^^^g^v^V^m^ed^rec'^'^f^  °/  be  USed’  the  filtrate>  "'ben 

which  maybe  extracted  by  alcohol  IJSdPta?irf  calciam  Garbonate  and  erythrin , 
Unate,  C , HB(  O H )„(  C HO  ) and belong  Whrin  is  ^rite  I-orscU 

to  exist  as  such  in  tie ‘lichen  Sff  \°  he  class  °f  ethereal  salts.  It  appears 
orsellinate  when  boiled  with  V decomposed  into  ervthrite  and  calcium 

formed  in  certain  £ * «*»  «ady 

alclhli,  fa'Sswertm^iSs.  n°"  ?e™ral|y  regarded  as  a hexh/dric 
’ 6 SWeet  substacce  contained  in  manna,  from  which  it  may 

K K 2 
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be  extracted  by  boiling  with  alcohol,  when  it  crystallises,  on  cooling,  in 
tine  needles  fusing  at  165°  C.  It  is  rather  sparingly  soluble  m cold 
water  and  alcohol,  but  easily  on  heating,  and  is  insoluble  m ethei. 
When  oxidised  in  presence  of  platinum  black,  it  yields  viannitose, 
CH  0.,  a sugar,  isomeric  with  glucose,  which  may  perhaps  be  the 
aldehyd,  O5H0(OH)5.OOH,  and  when  this  is  further  oxidised  it  becomes 

mannitic  acid,  C.HG(OH);..CO.OH.  . , • , 

By  treatment  with  nitric  acid,  manmte  is  converted  into  an 
explosive  crystalline  body,  which  is  nitroviannite,  or  mannyl  hexamtrater 

°‘MiStetean  important  substance  in  vegetable  chemistry,  since  it occurs  not 
only  in  manna,  tile  dried  exudation  of  the  Omul,  or  mamna  ash,  grovrmg  in  the 
South  of  Europe,  but  also  in  the  sap  of  the  common  ash  (Fraxmus  excelsior),  of 
the  larch  a mile  cherry,  and  lime  ; in  the  leaves  of  the  syrmga  and  privet , m t 
bulbs  of ' Cyclamen  europceum  (sow-bread),  in  the  bark  of  the  wild  cinnamon,  in 

=sUCSs=^2^^ 

fungus,  contains  when  dry  about  so  per  cent,  of 

“MWte  is  found  among  the  products  of  the  viscous  fermentation  of  saccharine 
liqtTwhen  ! Jey  are  said  to  become  ropy;  beet-root  3mce  is  especially  liable  to 

thMaSeis  obtained  artificially  by 

j <«=>  - 

i p tt  o -nrenared  by  heating  mannite  to  200  C. , L'6rl8(Urij(j 

ve°.7  similar  to  glycerin,  and  form- 
C0Hs(OE)4u  + n.,u  n with  the  fatty  acids  which  closely  resemble  the 

mannitane.  . p tt  iq  another  hexhyclric  alcohol,  isomeric  with 

it^  6bulcite  is  extracted  from  Madagascar  manna 

mannite,  and  much  lesemDi  soiuble  in  water  as  mannite,  but  much 

SC-  - a.  -«*  ttot  °f  manmtB’ 

from  which  it idso  or  yellow  cow-wheat  ■ 

Dulcite  is  fou  d ^ ort  (Scrophularia  nodosa)  and  of  the  common 

It  is 'artificially  prepared  from  milk-sugar, 

as  mannite  is  from  grape-sugar^omeride  of  mannite,  is  found  in  the  berries  of 
thfmon'ntata  ash  (Lfaa  Impart*).  » i»  mm*  more  fusible  than  the  others, 

at  Vel  C At DEHYDS  or  dehydrogenated  alcohols.— Ethyl  aldehyd,  or  acetic 
CH  COH  is  obtained  by  distilling  alcoliol  with  potassium 
aldehyd,  0 3.  > cid  The  process  requires  much  care,  on 

yiotarce of and  the  volatility  of  the  aldehyd. 
account  77// Three  parts  of  potassium  dichromate,  m 

P:T7  1 frl  St  are  placed  in  a flajk  or  retort  surrounded  by 
crystals  fiee  fr°^  P0™,  soqium  sulphate  crystals  with  half  their  weight 

THCl/am^a  mixture  of  2 parts  ordinary  alcohol,  4 P^/^The 
of  II hi),  .11  , aiso  previously  cooled  m ice,  is  added.  Ihe 

aci(l,  am  12  counected  with  a condenser  containing  iced  uatei, 

it z s£S  s 
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surrounded  by  ice,  and  saturated  with  dry  ammonia-gas.  The  ammonia 
•combines  wit h the aldehyd  to  form  a crystalline  compound,  aldehyd- 
ummoma,  which  is  sparingly  soluble  in  ether;  thh/is 

drained  upon  a filter,  and  distilled  with  diluted  sulphuric  acid  in  a 
flask  or  retort  heated  by  a water- bath,  and  connected  with  a condenser 
filled  with  iced  water.  The  aldehyd  may  be  freed  from  water  by  stand- 
ing over  fused  calcium  chloride,  and  distillation. 

The  preparation  of  aldehyd  illustrates  the  use  of  potassium  dichro- 

NoXnHnVSU  PfhU1'1C  aCld,aS  an  °xidising  aSent  uPon  organic  bodies. 
-Ne&lectin0  certain  secondary  reactions,  the  production  of  aldehyd  may 
be  represented  by  the  equation — 4 * 

3C-H*0H  + K*CrA  + 4H2SO,  = 3CHsCOH  + 7H.,0  + 2KCr(S04)2 

fachnp  ali?ehy-d  is  obtained  as  a by-product  in  themanu- 

factuie  of  alcohol,  when  it  comes  over  with  the  first  portion  of  the 

distillate.  Commercial  alcohol  generally  contains  a little1 aldehyd 
and  aSaTe— alS°  * °bfcamed  by  distillinS  a mixture  of  an  acetate 
CH  CO.OK  + H.CO.OK  = CHs.CO.H  + KO.CO.OK 

attTr  psr  Aidehyd- 

^ dlustrates  a general  process  for  obtaining  cddeliyds,  by distilling  the 
sa  s of  the  c^responcling  acids  together  with  a formate  ; the  cSdum 
salts  aie  best  adapted  for  the  purpose. 

A frT  "/  3p.  gr.  .80  ato°C.;  boiling  point  2o°  8 C 

Aldehyd  has  a peculiar  acrid  odour,  which  affecte  the  ey°es  It  mkes  in 

silver  nTtratf  added  aldf  ycbam“10n1la  b«  dissolved  in  water,  a little 

jayaftefAsitta: 

aebyd  be  mixed  with  a saturated  solution  of  NaHSO  it  forms  a 

aldG"yd  ^ bG 

yield^an  brown  vebm  ^ ?’  and  fradua%  heated  to  boiling,  aldehyd 

^ k"°™  - 

*ots£t/r» is  Teir  p?wer  °f  rest°riii« ti,e  red  °°iour 

iphurous  acid.  ‘ nUme  winch  lias  Leer,  bleached  by  sul- 

yWch  is  inncll1&(.^^“y^  5ft  S”  "«■-/<*),  C.H„b„ 
m prisms  at  io°  C.  Pure  aldehvd  to  WLV  ’ ? * b°'  d 124  C‘  Ifc  crystallises 
•added,  evolves  heat  and  dimiSes  in  InS  droP  °f  str°ng  sulphuric  acid  is 
mixture  deposits  crystals  of  paraldehyd.  Ume’  and  When  cooled  ln  a freezing 
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Paraldehyd  is  sparingly  soluble  in  cold  water,  and  even  less  soluble  in  bot 
water.  It  may  be  reconverted  into  aldehyd  by  distillation  with  sulphuric  or 
hydrochloric  acid,  or  by  strongly  heating  its  vapour.  Paraldehyd  is  sometimes 

administered  to  procure  sleep.  . . , , , 

Another  polymeric  modification  of  aldehyd,  of  unknown  molecular  weight  is 
termed  metctldeliyd,  and  sometimes  crystallises  m needles  from  aldehyd  when 
kept  It  may  be  obtained  by  cooling  aldehyd  m a freezing-mixture  and  passing 
a few  bubbles  of  HC1  or  SO,,  when  metaldehyd  crystallises  out.  It  subhmes  at 
ioo°  C.  without  fusing,  is  insoluble  in  water,  and  sparingly  soluble  111  alcohol 
and  ether.  When  distilled  with  dilute  sulphuric  acid,  or  heated  in  a sealed  tube 

to  11 6°  C.,  it  is  reconverted  into  aldehyd. 

Aldehvd  is  employed  in  the  manufacture  of  some  of  the  aniline  dyes. 

Aldehyd  is  the  representative  of  a class  of  compounds  having  many  pi  0- 
perties  in  comnon,  which  are  probably  as  numerous  as  the  alcohols  from  which 

they  are  derived.  , , „ , 

The  chief  aldehyds  at  present  known  are  shown  m the  following  table  . 

Source.  Formula. 

Oxidation  of  methyl-alcohol 
„ ethyl  „ 

„ propyl 

,,  butyl  „ 

„ amyl 

f Distillation  of  calcium  formate  I 


Chemical  Name. 
Formic  aldehyd 
Acetic  ,, 

Propylic  ,, 

Butyric  ,, 

Valeric  ,, 


Caproic  ,, 

(Enan  thic  ,, 

Caprylic  ,, 

Rutic  ,, 

Euodic  ,, 

Laurie  ,, 

Myristic  ,, 

Palmitic  ,, 

Stearic  , , 

Glyoxal 
Glyceric  ,, 

Acrylic  , , 

Crotonic  ,, 

Benzoic  ,, 

Cinnamic  ,, 

Salicylic  ,, 

Cuminic  ,, 

Anisic  ,, 

Vanillic  ,, 

Pyromucic ,, 


H.COH 

CH3.COH 

C„H5.COH 

CJL.COH 

C4H9.COH 


with  calcium  caproate 
Distillation  of  castor  oil 

,,  >7 

Oil  of  rue 


Oxidation  of  glycol 
Oxidation  of  allyl-alcohol 


Bitter-almoncl  oil 
Oil  of  cinnamon 
,,  meadow-sweet 
,,  cumin 
,,  anise 
Vanilla  pods 
f Distillation  of  bran  with  dilute  I 
\ sulphuric  acid  ) 


C5Hn.COH 

c6h13.goh 

c.h15.coh 

c9hI9.coh 

CjoHjjj.COH 

cuh;.coh 

c13h;,7.coh 

C15H31.COH 

CrH35.COH 

COH.COH 

C,H3(OH),.COH 

CHL.COH 

C3"H5.C0H 

C..H..COH 

C H-.COH 

CbH5O.COH 

C9Hu.COH 

C.H.O.COH 

c7h'7o„.coh 

c4h3o.coh 


, has  not  been 


3S4.  For.uk  It  * in^  m'eth^’l-alcohoMs'  prepared  by 

redness,  and  condensing  the  piodu  t,  C ! , b converted  into  formic  acid, 

i„Tohf“idei.yd”gas;  if  this  he  collected  over 

at  152,  anci  is  -,  -llv  reconverted  into  paraformaldehyd.  . 

W is  obtained  by  distilling  a mixture  of  calcium 

propylate  with  calcium  formate  _ 2c.,H,C0II  + 2CaCO:t.  . 

It  resembleShyd  k odour  and  specific  gravity,  but  boils  at  49"  0,  and  ,s  less 

obtained  by  a similar  process,  is  sparingly  soluble 

inIc“etlc  propylic!  and  butyric  aldehyds  occur  among  the  products  of  the  oxidising 
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action  of  a mixture  of  manganese  dioxide  with  sulphuric  acid  upon  albumen 
fibrin,  and  casein.  ’ 

Valeric  aldehyd,  C4H9.COH,  is  prepared  by  distilling  calcium  formate  with 
calcium  valerate,  (C4H9.002)2Ca.  It  is  also  sparingly  soluble  in  water,  and  boils 
at  about  102°  C. 

7 aleral,  isomeric  with  valeric  aldehyd,  is  prepared  from  fermentation  amyl 
alcohol,  or  fousel  oil,  by  distillation  with  sulphuric  acid  and  potassium  dichro- 
mate. The  acid  distillate  is  neutralised  by  shaking  with  potash,  and  the  upper 
layer  of  liquid  is  shaken  with  a strong  solution  of  hydrogen  sodium  sulphite, 
which  combines  with  the  valeral,  and  precipitates  it  as  a crystalline  compound 
from  which  valeral  may  be  obtained  by  distillation  with  caustic  soda. 

Valeral,  or  isovaleric  aldehyd,  has  a characteristic  and  oppressive  smell  of 
apples.  It  has  sp.  gr.  0.82,  and  boils  at  92°. 5 C. 

Gaproic  aldehyd,  C5Hn.COH,  obtained  from  calcium  formate  and  caproate  has 
sp.  gr.  0.84,  and  boils  at  128°  C. 

(Enanthic  aldehyd,  or  cenanthol,  C6Hls.COH,  is  extracted  bv  hydrogen  sodium 
sulphite  from  the  liquid  obtained  by  the  destructive  distillation  of  castor  oil 
It  has  a nauseous  odour,  sp.  gr.  0.827,  and  boiling  point  1520  C. 

Laurie  aldehyd,  CjjH.  j.COH,  contained  in  oil  of  rue,  is  a crystalline  solid,  with- 
out smell,  fusing  at  450.  ’ 

Myristic  aldehyd,  C)3H._,7.COH,  is  also  solid,  fusing  at  <3°. 

Palmitic  aldehyd,  C13H31.COH,  fuses  at  59°. 

Stearic  aldehyd,  C1;H33.COH,  fuses  at  64°. 

The  aldehyds  derived  from  the  monohydric  alcohols  have  several  isomerides, 
like  the  alcohols,  and  these  will  be  more  particularly  referred  to  in  discussing  the 
structure  of  organic  compounds.  0 

355-  Glyoxal,  or  oxalic  aldehyd,  COH.COLI,  is  prepared  by  slowly  oxidising 
acetic  aldehyd  with  dilute  nitric  acid.  It  occurs  among  the  products  of  the 
regulated  action  of  nitric  acid  on  alcohol  and  glycol. 

It  is  a deliquescent  solid  soluble  in  water,  alcohol,  and  ether,  forming  a crys- 
talline compound  wnth  NaHS03,  and  reducing  silver  nitrate,  becoming  oxidised 
°nn^.acif’  CO,2H.CO_.H,  and  glyoxalic  acid,  CHO.CO..H.  Potash' and  soda 
convert  it  into  a yellow  resinous  body.  With  ammonia,  it  yields  yli/cosine— 

3C,H.,02  -1-  4NH3  = 6H.,0  + N4(C.2H.,),. 

+ 1,5!  ovO}y°^}Jl^  acid,  CH°.C°2H,  contains  the  characteristic  radicals  of 
the  aldehyds  (CHO)  and  the  acids  (C02H),  and  hence  it  is  an  aldehyd  acid  capable 
?™ing  S5tS  by  the  repiacement  of  the  H in  the  acid  radical  by  a metal!  and 
at  the  same  time  resembling  the  aldehyds  in  its  reducing  properties,  and  in  form- 

Si“  A^of ^HapS^^r+cofHaS.  °'xidation  oonvorts  il 

°r  al<Jehy<1'  C2H3.6oH,  ‘is  prepared  by  distilling  glycerin  with 

abstracts  pot,assu/m  s4!ulPhate  (bisulphate  of  potash),  which 

abstiacts  the  elements  of  two  molecules  of  water  ; C.tH.(OH).,  = CJEL.COH  4-  2II  0 

removTthe^Tter111 1S  shaken  with  PbQ.= to  remove  S02,  and  rectified  over  CaCl./to 

sn5Crrolo‘n  pSA;piStinfuisb^d  by  a very  powerful  irritating  odour.  It  is  a liquid  of 
anefether’  at  52  d4ssolves  sparingly  in  water,  but  easily  in  alcohol 

foi?^^6  1mostf.aldebyc[s,  it  does  not  combine  with  NaHS03 ; but  it 
" ody  with  potash  and  soda,  and  reduces  ammoniacal  AgNO 

Sscen?  hvVd^o  V*  aTyHc  acid’  C,H3.CO.,H.  Sodium  amalgam  and  water 
becomes  a^vMte  sob^T  5 all-vl-alcoh°l-  C3H3.OH.  When  kept,  acrolein 
be  re“on?erted  Hoi  L T ^ W?C-h  appears  to  be  Polymeric  with  it,  but  cannot 
bodv  C H n Tfpi  , iC  h passed  into  acrolein  converts  it  into  a crystalline 

corresponding  'pSehyd!*1  WUh  ^ metacrolein>  C„H1203, 

pn15veotac™leif  is  crystalline,  fuses  at  50°  C.,  and  boils  at  170°,  being  partly 
m/t/°  7aC;°^  u nearly  insohible  in  water, but  soluble  in  alcoho1!.  “ 

fn/twn  T cdd.eh,jd'  CsH5.COH,  is  prepared  by  heating  acetic  aldehyd  to  ioo°  C 
for  two  days  in  contact  with  ZnCl2  and  a little  water- 

2(CH3.C0H)  = H20  + C3H3.COH. 

^ n 2 acts  as  a dehydrating  agent.  The  unchanged  aldehyd  is  distilled  off 
distil 'over^  ^ ^ ' distUlatiou  continued,  when  water  and  crotonSiyd 
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Crotonic  aldehyd  has  an  irritating  odour  like  acrolein.  It  boils  at  104  C.,  and 
is  sparingly  soluble  in  water.  When  oxidised  by  air  or  silver  oxide,  1 yie 
crotonic  acid,  C3H5.C02H.  It  occurs  in  some  kinds  of  fousel  oil.  _ _ 

356.  Benzoic  aldehyd,  or  bitter-almond  oil,  CGH..COH,  was  oiigina  y 
made  by  distilling  the  moistened  bitter-almond  cake,  from  which  the 
fixed  oil  had  been  extracted  by  pressure.  The  cake  was  placed  m a 
perforated  vessel  and  subjected  to  the  action  of  steam,  which  carried 
over  the  oil  and  deposited  it  as  a heavy  layer  on  standing. 

The  bitter-almond  oil  does  not  exist  ready  formed  m the  almond, 
but  is  a product  of  the  decomposition  of  the  bitter  substance,  amygdalm , 
C H NO  , of  which  the  bitter  almond  contains  about  5 per  cent,  ihis 
substance 'is  a glucoside,  and  is  decomposed,  in  the  presence  of  water  and 
of  a peculiar  albuminoid  ferment  present  in  the  almond  and  known  as 
emulsin,  into  glucose,  bitter-almond  oil,  and  hydrocyanic  acid 
~ + 2H„0  = 2CgH120„  + COLO  .+  HCN. 


C20H27NOn  -r  ^j.i2'-'  — ■ -7— ■ , 

The  presence  of  hydrocyanic  acid  renders  the  crude  oil  of  bitter  almonds 
poisonous.  It  may  be  purified  either  by  re-distilling  with  lime  and 
ferrous  chloride,  when  the  HCN  is  converted  into  Prussian  blue;  or  by 
shaking  it  with  an  equal  volume  of  a strong  solution  of  hydrogen  &odium 
sulphite,  which  combines  with  the  benzoic  aldehyd  to  form  a crystaUme 
compound,  from  which  the  pure  oil  may  be  obtained  by  distillation  wit 

SOBreX°ondeoil  is  made  artificially  from  toluene.  When  chlorine 
is  passed  into  boiling  toluene,  benzylene  dichlonde  is  pioduced 

1 ^ ™ nu  CHOI  oTTCTl. 


Cj.H5.CH3  -t-  ‘ , . . 

By  distilling  benzylene  dicliloride  with  potash,  it  is  convei  e in  0 

bitter-almond  oil — n 

CuH5.CHCL  + 2KHO  = 2KCI  + H20  + CuH5.CHO. 

Boiling  with  water  and  lead  nitrate  is  sometimes  employed  to  effect  the 

C°  Benzoic  aldehyd  is  a colourless  or  pale  yellow  liquid,  of  char“te|^ 
odour  boiling  at  180°  C.,  and  of  sp.  gr.  1.05.  It  is  veiy  spaii  g y 
soluble  in  water,  but  dissolves  in  alcohol,  and  is  precipitated  on  ac  c 1 ion 
of  water.  It  is  often  sold  in  alcoholic  solution.  The  oxidising .action 
of  air  gradually  converts  benzoic  aldehyd  into  crystals  of 
C H COH  + 0 = C II -CO, II.  The  presence  of  hydrocyanic  acid  letai 

thfeconvl lorn  It  has  less  reducing  action  on > -£  *»£ 
exerted  by  the  aldehyds  of  the  acetic  senes  Benzo  c ddehy^  to 
solved  bv  a strong  solution  of  sodium  sulphite,  and  if  dilute  sulph 
acid  be  added,  drop  by  drop,  to  this  sol iution,  it  pr^Uy  ' ™ ; 
minous  crystals  of  the  compound  of  benzaldehyd  with  the  aci  1 ’ 

C.HG0.NaHS03 ; the  crystals  dissolve  on  heating,  and  are  cep  • 

ag  Ba  ^ontact'wfth  solution  of  ammonia,  benzoic  aldehyd  is  slowly  con- 
verted into  a crystalline  mass  of  ^robmzam^-  q 

This  reaction^ distinguishes  i^^^r^ia^^cild^iyds  froi  ke^dehyds  of 

the  acetic  series,  which  simply  combine  with  ammonia  (p.  5°0- 

. -1 1 • _ 1 T form  or  I 


+ Cl4  = C6H5.CHC12  + 2HC1. 


The  crude 


WUiv/**  J 7 J n 7 

oil  of  bitter  almonds  contains  a nmv  be  converted 

ich  is  polymeric  with  benzBldehyd,  yfomed  by  the 


is  sl’aken  "'i,h  alcobol‘c 
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.solution  of  potash,  which  produces  potassium  cyanide.  When  pure  benzoic 
-aldehyd  is  treated  with  alcoholic  solution  of  potash,  it  yields  benzoic  alcohol  and 
benzoic  acid  (p.  498).  A good  method  of  identifying  bitter-almond  oil  is  to  heat 
it  in  a test-tube  with  a piece  of  caustic  potash,  to  dissolve  the  cooled  mass  in 
water,  and  add  HC1,  which  precipitates  feathery  crystals  of  benzoic  acid  • 
C0Hs.COH  + KHO  = C6Hs.CO.OK  (potassium  benzoate)  + H2. 

W hen  bitter-almond  oil  is  heated  with  a strong  solution  of  hydriodic  acid  in  a 
.sealed  tube,  it  is  converted  into  toluene;  C0HvCOH-f  2HI  = C0H5.CH3-fH.,O-t-I.,. 

Cinnamic  aldehyd,  CsH7.COH,  occurs  in  the  essential  oils  of  cinnamon  and 
cassia,  and  is  very  similar  in  its  chemical  properties  to  benzoic  aldehyd.  When 
oxidised,  it  yields  cinnamic  acid,  CsHrCO,H,  and,  with  ammonia,  it  gives 
cinnhydr amide,  (CSH7.CH)3N2. 

Cinnamaldehyd  may  also'  be  obtained  by  mixing  benzoic  and  acetic  aldehyds, 
and  passing  HC1  gas,  which  acts  as  a dehydrating  agent — 

. C6H5.COH  + CH3.COH  = CsHrCOH  + H20. 

357-  Salicylic  aldehyd,  CeHsO.COH,  or  od  of  spiraea  (meadow-sweet),  is  made  by 
distilling  salicin  (from  willow-bark)  with  potassium  dichromate  and  sulphuric 
acid  , 10  gims.  of  potassium  dichromate  are  dissolved  in  120  grms.  water  and 
mixed  with  15  grms.  sulphuric  acid.  When  the  mixture  is  cool,  it  is  poured  upon 
10  grms.  of  salicin  in  a retort,  set  aside  for  twenty-four  hours,  and  distillation  is 
conducted  by  a moderate  heat ; the  aldehyd  condenses  with  the  water,  and  forms 
a layer  beneath  it.  It  was  pointed  out  (at  p.  499)  that  salicin,  when  boiled  with 
dilute  sulphuric  acid,  yields  glucose  and  salicylic  alcohol ; this  is  oxidised  by  the 
chromic  acid  and  converted  into  salicylic  aldehyd. 

Salicylic  aldehyd  may  also  be  obtained  by  the  action  of  chloroform  and  caustic 
soda  on  phenol  (carbolic  acid).  Two  parts  of  phenol  and  4 parts  of  sodium 
hydrate  are  dissolved  in  6 parts  of  water  in  a flask  or  retort  furnished  with  a tap- 
tunnel  and  an  inverted  condenser  ; run  in  gradually  3 parts  of  chloroform,  shaking 
after  each  addition  ; when  the  action  has  ceased,  boil  for  half  an  hour,  allow  the 
liquid  to  cool,  and  acidify  with  dilute  sulphuric  acid ; place  the  condenser  in  its 
proper  position,  and  pass  steam  through  the  contents  of  the  retort ; the  oily  layer 
water  in  the  receiver  is  dissolved  in  ether  and  shaken  with  solution 
or  NaHS03,  which  combines  with  the  salicyl  aldehyd  and  leaves  the  phenol 
dissolved  in  the  ether,  which  rises  to  the  surface ; draw  off  the  lower  aqueous 
layer  and  acidulate  it  with  dilute  sulphuric  acid,  which  separates  the  aldehyd  as 
a heavy  oil.  The  action  of  chloroform  and  sodium  hydrate  upon  phenol  produces 
sodium  salicyl  aldehyd — 

CbHj.OH  + 4NaHO  + CHC1S  = C6H4NaO.COH  + 3NaCl  + 3H..O. 
nh£  ™hen  decomPosed  by  sulphuric  acid,  yields  the  aldehyd  ; 

C0H4NaO.COH  + H2SO4  = C8H5O.COH  + NaHSO4.  * 

Salicyl  aldehyd  is  a colourless  fragrant  liquid,  of  sp.  gr.  1.17  and  boiling  point 
190  L.  It  is  sparingly  soluble  in  water,  but  dissolves  in  alcohol.  Its  solution 
gives  an  intense  violet  colour  with  ferric  chloride.  It  resembles  benzoic  aldehyd 
!nunomI!°UruWlth  ammonia,  which  converts  it  into  hydrosalicylamide, 

' B , 5.  . ):i  . 2 i but  it  differs  from  benzoic  and  cinnamic  aldehyds  by  easily 

combining  with  alkalies  to  form  compounds  in  which  an  atom  of  hydrogen  is 
displaced  by  the  metal;  thus,  C,.H5O.COH  + KH0  = C6H4K0.C0H  + H„0.  This 
reaction  indicates  that  salicyl  aldehyd  is  hydroxybenzaldehyd,  CBH,.HO.COH,  and 
connects  this  aldehyd  with  the  class  of  phenols,  which  it  also  resembles  in  its 
in  ense  coloration  with  ferric  chloride ; but  the  phenols  are  not  oxidisable  into 
corresponding  acids  nor  reducible  to  alcohols,  whereas  salicyl  aldehyd  is  oxidised 
o sa  icylic  acid,  CGH3O.COoH,  and  is  converted  into  salicyl  alcohol  by  nascent 
yc  ogen  (water  and  sodium  amalgam).  Coumarin,  which  causes  the  smell  of 
ay , has  been  made  artificially  from  salicyl  aldehyd  by  a process  to  be  described 


The  dihydroxybenzaldehyd,  or proto-catechuic  aldehyd,  C6H.(HO)2.COH,  is  not  of 
any  practical  importance.  It  is  a crystalline  substance  soluble  in  water. 

uminic  or  cumic  aldehyd,  or  cuminol,  C0HU.COH,  occurs  in  the  aromatic  oils  of 
urn  mm,  caraway,  and  water-hemlock,  all  umbelliferous  plants,  and  is  extracted 
xrorn  the  oil  by  shaking  with  solution  of  NaHSO,,  which  forms  a crystalline 
H°nn?°Un(I  14  ^liquid,  fragrant,  and  boils  at  236°  C.  Its  chemical  rela- 

C.H  C HeCOHth°Se  °f  benzoic  aldehyd.  It  appears  to  be  butyl-benzyl  aldehyd, 

Anisic  aldehyd,  C7H7O.COH,  is  prepared  by  heating  the  essential  oils  of  anise 
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and  fennel  (both  umbelliferous  plants)  with  contain 

a fragrant  camplior-like  substance  termer  an  - oh'  i the  replacement  of 
group'd  for  reprinting  as .demed [from 

SiWoH  ?6<m£  Its  conversion  into  anisic  aldehyd  by  the  oxidising 

+ -,o. 

Anisic  aldehyd*  is  a fragrant  l^bc^at  and  ma^r esembhng 

Vanillic  aldelnjd,  or  vanillin,  0,11,0.^.  > tals  are  visible  in  these  pods, 

planifolia,  a Mexican  orchidaceous  pla  • ^ h l It  forms  needles  fusing 

and  it  may  be  extracted  by  boiling  them  with ■ * cohoL  i water,  but 

at  So"  C.  and  subliming  at  15°.  I ^ its  aromatic  taste  and 
soluble  in  alcohol  and  ether.  A and  made  artificially  from  conifenn, 

odour,  and  is  much  used  for  flavouring  trees  (see  Gluco- 

a crystalline  glucoside  obtained  in  a n <•  ld  h ds  is  sometimes  questioned, 
sides).  The  title  of  vanillin  aSan  of  moist  sodium 

for  it  reacts  with  bases  like  an  acic  , o OH  and  oxidation  by  exposure 

amalgam  converts  it  into  vanillic  alcohol  CsH90,.0H,  ana  oxiaa 

to  air  converts  it  into  vanillic  acid,  , l 2'  n V nnts  q jl  O.COH,  is  prepared  by 
358.  Fyromucic  aldehyd,  or  furfural,  01  ./  > , 4 , 3 u,.  steeping  in  a cold 

distilling  the  bran  of  wheat,  freed  from  s ai  Pburic  acid,  previously  diluted 

weak  solution  of  potash,  with  half  its  v . _ e>  , forced  through  the  mixture 
with  an  equal  bulk  of  water  a current  of  “epaSited  by  adding 

the  furfurol  distils  over  with  the  furfurol.  It  has  also 

common  salt.  A hundred  parts  of  bra  y &t  I300  lbs.  pressure.  Furfurol 

been  obtained  from  sawdust  Jy  the  action  qU  of  antJ)  obtained  by  dis- 

accompanies  the  formic  acid  (Rene  - > present  in  fousel  oil 

tilling  sugar  and  starch  with  Mn02  an  d H S 0 It  ago  1 akoondS,  of 

from  crude  spirits.  Furfurol  is  a in  twelve  times  its  weight  of 

sp.  gr.  1. 17  and  boiling  point  163  • ot  sulphuric  acid  dissolves  it  to  a 

water,  and  is  freely  soluble  in  alcohol. . St  g L It  becomes  brown 

purple  liquid,  from  which  watei  p 1 c.  NaHSO  and  reduces  silver, 

tten  exposed  to  the  aft.  Furfurol  ^O,,  uml  ^ 

With  ammonia  it  behaves  as  an  aromat  ' VfJ'K  exchanged  0",  for  N"V 

C 'ho  OH  P(°“mS^oid\robtained  by  distilling  the  mnoic  acid  derrved 
fl’0i^sfcno  prepared  in  a similar  way,  from  certain 

varieties  of  fucus  (seaweed).  observed  in  the  formulae 

to  permit  permits  the  two  hydrogen 

When  an  acid  contains  two  LU,li  & P P . id  or  if  there  are 
atoms  to  be  replaced  by  a metal,  and  is  a Mane  “ia- 

three  CO.H  groups,  it  is  a ale  enumerated  in  the  following 

tables,  XnXsto  Sp-M*.  in  their  proper  chemical  group* 

Monobasic  adds  of  the  acetic  senes,  C„H„  + 

Acid.  . H.COH  ' 

Formic  . • • Red  ants,  nettles 


Acetic 
Propylic . 
Butyric  . 
Valeric  . 


Vinegar 
Oxidation  of  oils 
llancid  butter  . 
Valerian  root 


CH3.CO.JI 

C.JR.COJI 

C,H,.CO.JI 

C4H,.C02H 
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Acid. 

Caproic  . 
(Enanthic 
Caprylic 
Pelargonic 
Rutic  or  Capric 
Euoclic  . 
Laurie  . 
Cocinic  . 
Myristic . 
Pentadecylic 
Palmitic . 
Margaric 
Stearic  . 
Balenic  . 

Butic 
Nardic  . 
Behenic  . 
Lignoceric 
Plyamic  . 

Cerotic  . 
Melissic . 


Monobasic  acids  of  the  acetic  series — (continued). 


Source. 

Rancid  butter 
Oxidation  of  castor  oil 
Rancid  butter 
Geranium  leave. 

Rancid  butter 
Oil  of  rue  . 

Bay  berries 
Cocoa-nut  oil 
Nutmeg-butter 
Agaricus  integer  (a  fungus 
Palm  oil 


Tallow 


Butter 


Beech -wood  tar 
Bees’-wax  . 


Formula. 

C5Hu.CO.)H 

c8h1!(.co.;h 

c7h15.co.:h 

c8h17.co(.h 

c9hi9.co;h 

C10H.,1.CO".)H 

CIIHj3.CO(,H 

c^.cojH 

c,'h„7.co:h 

c14h.;.co:h 

c15h3I.co.:h 

CWH33.co.jH 
C17H3rCO,.H 
ClsH37.CO.,H 
Ci9H  COjH 

c30h41.co:h 

C.)1H43.CO„H 

c.;h47.co:h 

c24h4!).co2h 

c26h53.co2h 

c29h5,,co.,h 


Monobasic  acids  of  the  acrylic  series,  CnII,__1CO.,ir. 
. Oxidation  of  acrolein 


Acrylic 
Crotonic 
Angelic  . 
Pyroterebic 
Damaluric 
Campholic 
Cimicic  . 
H.vpogieic 
Oleic 
Doeglic  . 
Brassic  . 


C.,H3.CO,.H 

CjHfi.COjH 

C4H..C02H 

C.Hj.COjH 

C«H11.CO.,H 


. Angelica  root 
. Turpentine 
. Cow’s  urine 
. Camphor 
. Tree-bug  . 

. Oil  of  ground  nut 
. Most  oils 
. Doegling  train  oil 
. Colza  oil  ( Brassica  oleifera) 

Monobasic  acids  of  the  sorbic  series,  CnH,n_3C02H. 

Tetrolic  . . . Chlorocrotonic  acid  . . . C,H,.CO.,H 

. Mountain-ash  berries 
. Hypogaeic  acid  . 

. Oleic  acid  . 

. Brassic  acid 


C9H];.COjH 

CI4H.,..Cd:,H 

c,.h;.co:h 

c17h'33.co.:h 

c1sh3..co:.h 

c.,,h41.co;h 


Sorbic 
Palmitolic 
Stearolic 
Behenolic 


Benzoic  . 
Toluic 
Mesitylenic 
Cuminic  . 
Homocuminic 


Monobasic  acids  of  the  benzoic  series. 
■ Gum  benzoin 
. Toluene 
. . Mesitylene  . 

. Cummin  oil 


c5h7.co:h 

cI5h„7.co..h 

C17Hjj.COjH 

c.,1h39.co.:h 


Monobasic  acids  of  the  cinnamic  series. 


C0Hs.CO,H 

c7h7.co:h 

CgH9.CO.(H 

C9HirCd„H 

c19h13.co2h 


Cinnamic  . . Storax 

Atropic  . . . Atropine 

Phenyl-crotonic 
Phenyl-angelic 
Cumenyl-acrylic 
Cumenyl-crotonic 
Cumenyl-angelic 

Monobasic  acids  of  the  lactic  series. 

Glycolic . . | Oxidation  of  glycol  and  of ) 

1 alcohol  . ...  ) 

Lactic  . . . Fermentation  of  milk  sugar 


C8H7.CO.,H 

CsH„.CO.(H 

c9h;.co:h 

C10H11.CO.)H 

c..h13.co:h 

c12h15.co:h 

c1jH1;.co;,H 


CH3O.CO.,H 

c.,h5o.co.>h 
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Acid. 

Butylactic 
Valerolactic 
Leucic  . 


Salicylic . 
Anisic 

Protocatechuic 
Phloretic 
Yanillic  . 
Tannic  . 


Monobasic  acids  of  the  lactic  series— (continued). 

Source.  Formula. 

. Oxidation  of  butyl  glycol  . . C3H7O.CO,H 

a • • V^iigU.vU,|IT 

’.  Oxidation  of  leucine  . . • C5Hn0.C02H 

Monobasic  acids  of  the  salicylic  series 

Oil  of  winter  green  . • • n 

,,  anise  . • • • 

Decomposition  of  resins  by  KHO 
„ phloretin  ,, 

Oxidation  of  vanillin  . 

Gall-nuts 


CuH4.OH.CO„H 


Gallic 

Caffeic 

Quinic 

Eliagic 


Saccharic 

Mucic 

Pyromucic 


C8H4.0CH3.C02H 
C6H3(OH)„.CO.,H 
cti.ch3.och3.co,h 
c6h3.oh.och3.co2h 
c13h9o7.co„h 
c6h2'oh)s.co2h 

• • }> 

Monobasic  acids  of  uncertain  constitution. 

r.  ~ • • C,H  02.C0.,H 

. Coffee.  • • • p8ir7  A pri  h 

. Cinchona  bark  • n rl'n'nnif 

. Bezoar  stones  . C13B9OrOU.,u 

Acids  produced  by  oxidation  of  carbohydrates. 

. Oxidation  of  sugar  \ 

„ g'um  .J  ' 

Distillation  of  mucic  acid  . 


C4H804.(C02H)2 

C4H30.C02H 


Oxalic 
Malonic  . 
Succinic . 
Pyrotartaric 
Adipic  . 
Pimelic  . 
Suberic  . 
Azelaic  . 
Sebacic  . 
Brassylic 
Roccellic 


Fumaric . 
Malaeic  . 
Pyrocitric 
Itaconic  . 
Citraconic 
Mesaconic 
Hydromuconic 


Dibasic  acids  of  the  oxalic  series. 
Wood  sorrel 

Oxidation  of  malic  acid  . 
Amber  . • • 

Distillation  of  tartaric  acid 
Oxidation  of  oleic  acid 


,,  cork 
„ castor  oil 
Distillation  of  oleic  acid  _. 
Oxidation  of  behenolic  acid 
Jtoccella  tinctoria 

Dibasic  acids  of  the  fumaric  seiies. 

. Fumitory  . . • l 

Distillation  of  malic  acid) 
citric  acid'' 


CO.,HCO„H 

CR„(CO„H)„ 

C„H.,(C6.,H), 

C3IItf(C02H)2 

C4Hs(CO..H)„ 

C5H10(CO2H)2 

CfiH,o(CO.,H)2 

C7H1'4(C02H)2 

C9H16(C02H)2 

C*H18(C02H)s 

C15H30(CO2H)2 


C2H2(CO,H), 

CsH4(C0..H)2 

c4h6(C02h)2 


Fartronic 
Mesoxalic 
Malic 
Tartaric  . 
Racemic  . 


Phthalic . 
Isouvitic 
Dumidic  . 


Mucic  acid . 

Dibasic  acids  of  the  tartaric  sei  ies. 

Oxidation  of  grape  sugar 
M uric  acid 
Unripe  apples 
Grape  juice  ) 

. . )»  i 

Dibasic  acids  from  oxidation  of  hydrocarbons. 

CeH4(C02H)2 


CH.OH(CO.,H)., 

C(OH)..(CO„H)., 

C2Hs.OH(CO.,R)2 

C2H2(OH)2(CO,H)2 


rricarballylic . 
Citric 
Aconitic . 
Meconic  . 


Oxidation  of  naphthalene 
Gamboge  fused  with  KHO 
Oxidation  of  durene  . 

Tribasic  vegetable  acids. 

Beet-root  . 

Lemon  juice 
Monkshood 
Opium  • 


CH6(CO:,H)2 

C8H2(CHs)2(002H)2 

C3H6(CO..H)3 

CsH4.0H(C02H)3 

c3h3(C02h\ 

C4HO(CO..H)s 
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Acids  containing  nitrogen. 

Acid.  Source. 

Hydrocyanic  . . Fermentation  of  bitter  almonds 

Picric  . . . Oxidation  of  phenol  . 

Hippuric  . . Horse  urine  . 

Uric  . . . Human  urine 


Formula. 

CNH 

C6H.(NO„)sOH 
c8h3no.co..h 
csh4n4o3  - 


S — 4-'4“3 

360.  Formic  acid,  H.CO,H,  is  prepared  by  distilling  oxalic  acid  with 
glycerin.  30  grammes  (or  one  ounce)  of  crystallised  oxalic  acid  and 
200  cubic  centimetres  (6.5  fluid  ounces)  of  glycerin  are  heated,  in  a 
half-litre  (or  pint)  flask  provided  with  a thermometer  and  condenser  to 
about  So'  C.,  when  formic  acid  distils  over  together  with  the  water  of 
crystallisation  of  the  oxalic  acid,  and  carbonic  acid  gas  is  evolved  • 
C02H.C02H  = H.C02H  + COs.  When  the  evolution  of  CO,  ceases  a 
fresh  quantity  of  oxalic  acid  may  be  introduced  and  the  operation  con- 
tinued, the  same  glycerin  serving  for  the  conversion  of  a large  quantity 
of  oxalic  acid.  The  formic  acid  first  produced  converts  the  o-lycerin 
into  monoformin — & J 

C3H5(OH)3  + H.CCbH  = C3H5(0H)2(C02H)  + HOH. 

The  monoformin  is  then  decomposed  by  the  water  of  crystallisation  of 
the  oxalic  acid,  the  equation  being  reversed,  and  glycerin  behm  renro 
duced.  By  continuing  the  process,  formic  acid  of  56  per  cent.°may  be 
obtained  To  prepare  the  pure  acid  this  is  neutralised  with  lead  oxide 
the  lead  formate  crystallised,  dried,  and  heated  to  ioo°  C in  a current  of 

dry  H,S ; (H.OOJ  Pb  + H3S  = 2HCO,H  + PbS.  The  formic  Lid" 
full}  condensed  and  ledistilled  with  a little  lead  formate  to  remove  H S 
Formic  acid  was  originally  obtained  from  ants.  It  occurs  in  nettles 
waters  1Gr  ^ antS’  m sorae  an^m;i^  fluids,  and  occasionally  in  mineral 

It  has  been  obtained  synthetically  by  heating  caustic  alkalies  to 
100  C.  in  carbonic  oxide;  CO  + KOH  = HCOJK  (potassium  formate)- 
again,  potassium,  acting  on  carbon  dioxide  in  presence  of  water  yields 
potassium  dicarbonate  and  formate — ’ * 

2C02  + H.,0  + K,  = KHC03  + HCO..K. 

. For™ic  acid  “ also  produced  in  other  reactions  in  which  carbonic  acid 
is  acted  on  liy  reducing  agents.  Carbonic  acid  may  be  regarded  as  hydroxy- 
Jormic  acid,  PI0.C02H,  that  is,  formic  acid,  IT.CO  H in  which  IT  Ys 
replaced  by  HO.  When  starch  and  other  organic  bodies  are  vtlentlv 
oxidised,  they  yield  carbonic  acid,  but  if  they  are  gradually  and  quietH 
excised,  they  yield  formic  acid.  The  quiet  oxidation  of  orglic ClS 
is  often  etiected  by  heating  them  with  MnO,  and  dilute  II  SO 

Properties  of  formic  acid.— Colourless  liq'uid,  fuming  slightiy  in  air 

and  stlSIs  at  rf 5 ll  Kstere  “le  Sk“-  Foi'mie “i®boilf at  99‘-9  C 
and  solidifies  at  8 .6  Its  sp.  gr.  is  1.22  at  20°.  The  diluted  acid  boils 

at  a higher  temperature;  an  acid  of  77  per  cent,  boils  at  107°. 

_ .The/oraw^es  are  all  soluble  in  water ; their  solutions  yield  a red  colour 

vith  feme  chloride,  and  reduce  silver  from  the  nitrate,  when  boiled  with 

formicr°l?r°lf  tei!denCJ  Y f°rmic  acid  t0  become  carbonic  (hydroxy- 
mic).  Solid  formates  evolve  carbonic  oxide  (burning  with  a bine 

S-  H TOS-HoSfm®  “ the  Elements  of 

yields  the ‘oxalatel  (HOO.)  A 4“+  H “ ^ of  ^ 
I orrnic  acid  is  used  in  making  some'of  the  coal-tar  dyes. 


tjI0  VINEGAR. 

-6 1.  Acetic  acid , or  methyl-formic  acid , CH3.COJi,  is  obtained  by  tlie 
destructive  distillation  of  wood  or  of  sawdust,  or  spent  dye-woods,  the 
aqueous  layer  in  the  condenser  (p.  49  0 « neutralised  by  sodium  car- 
bonate, and  tlie  metliyl-alcohol  and  acetone  are  distilled  off.  The 
evaporated  liquor  deposits  impure  crystals  of  sodium  acetate,  which  if 
heated  to  expel  some  tarry  matters,  and  distilled  with  sulphuric  acid, 

when  acetic  acid  passes  over 

CH3.CO.,Na  + H.,S04  = CH3.CO.,H  + NaHS04. 

The  crude  acid  from  wood  is  termed  pyroligneous  acid. 

Acetic  acid  is  also  made  by  the  oxidation  of  alcohol  for  the  iu-oduc- 
tion  of  vinegar.  CH.,CH,OH  (ethyl-alcohol)  + 02  - CH 3.CO  H + H20. 
But  this  equation  cannot  be  realised  unless  some  third  substance  be 
present.  It  was  seen  at  p.  489  that  platinum  black  would  answer  the 
purpose,  and  in  some  chemical  works  this  process  lias  been  employed 
for  making  acetic  acid.  Weak  fermented  liquors, _ such  as  beer  and  the 
lighter  wines,  are  very  liable  to  become  sour,  which  is  never  the  case 
with  distilled  spirits,  however  much  diluted.  This  is  due  to  the  presence 
in  the  fermented  liquid  of  albuminous  (nitrogemsed)  matters  and  salts 

wood  shavings  previously  soaked  in  vinegar 
to  impregnate  them  with  the  mycoderm  01 
acetic  ferment.  The  shavings  are  packed 
in  a tall  cask  (fig.  278)  in  which  holes  have 
been  drilled  in  order  to  allow  the  passage 
of  air.  The  oxidation  of  the  alcohol  soon 
raises  the  temperature  to  about  38  C.,  ! 

which  occasions  a free  circulation  of  an 
among  the  shavings.  The  mixture  is  passed 
three  or  four  times  through  the  cask,  and 
in  about  thirty-six  hours  the  conversion 
into  vinegar  is  completed.  If  the  supp  y 
of  air  be"  insufficient,  alcohol  is  lost  in  the 
form  of  aldehyd  vapour,  the  irritating 
odour  of  which  pervades  the  air  ot  the 

White-wine  vinegar  is  prepared  from 
- - ■ light  wines  by  a similar  process. 

Malt  vinegar  is  made  from  infusion  of  malt  fermented  by  yeast  with  fie  , 

“vtatgm  contains,  on  an  average i,  about  5 per  ““^“^“m^Is^novveil 
becoming  mouldy.  o ,.  „„lV1  obtained  which  may  be  concentrated  ■ 

byBrl‘ST"irg  C^S“Portion- distilling  Ween  i.o-and 

,2°rSre  acetic  acid  is  prepared  by  distilling ; 5^ °f  H 

The  distillate  may  be  r ed^mled  w 1 rttle J 
Properties  of  acetic 0 , ?ur  which  burns  with  a flame 

KM  ***  is  C-  but  14  may 
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cooled  fax’  below  this  without  solidifying,  unless  a crystal  of  the  acid  be 
introduced,  when  the  whole  crystallises  in  beautiful  plates ; hence  the 
term  glacial  acetic  acid.  The  sp.  gr.  of  the  pure  acid  is  1.063  at  18° 
but  the  sti’ength  of  the  acid  cannot,  as  in  other  cases,  be  inferred  from 
the  sp.  gr.,  because  the  latter  is  increased  by  addition  of  water,  till  it 
reaches  1.079  (7°  per  cent,  of  acid),  when  it  is  diminished  by  more 
water,  so  that  a weak  acid  may  have  the  same  sp.  gr.  as  the  pure 
acid. 

Acetic  acid  is  one  of  the  most  stable  of  the  organic  acids.  It  is 
unacted  on  by  most  oxidising  agents.  When  its  vapour  is  passed 
through  a red-hot  tube,  it  yields  several  products,  among  which  marsh 
gas  and  acetone  are  conspicuous.  Most  of  its  salts  are  soluble  in  water, 
so  that  it  is  not  easily  precipitated  ; but  if  it  be  exactly  neutralised  by 
ammonia,  and  stirred  with  silver  nitrate,  a crystalline  precipitate  of 
silver  acetate , CH?.COaAg,  is  obtained  • mercurous  acetate,  G'H...CO.,Hg, 
.may  be  obtained  in  a similai'  way.  Fei’i’ic  cliloi’ide  added  to  the  neutral 
solution  gives  a fine  red  coloui\ 

362.  Many  of  the  acetates  are  employed  in  the  arts.  Those  formed  by  the 
weaker  bases,  such  as  Fe203  and  A1„03,  are  easily  decomposed  by  boilin^  with 
water,  basic  acetates  being  precipitated ; hence  the  aluminium  acetate  and  ferric 
acetate  {red  liquor)  are  much  used  by  dyers  and  calico-printers  as  mordants , the 
basic  acetates  being  deposited  in  the  fabric,  and  forming  insoluble  compounds 
with  colouring  matters.  L 

Lead  acetate,  or  sugar  of  lead,  (CHaC02)2Pb.3Aq,  is  the  commonest  commercial 
acetate  and  is  prepared  by  dissolving  litharge  (PbO)  in  an  excess  of  acetic  acid 
y hen  the  solution  deposits  prismatic  crystals  of  the  salt.  On  the  lar°-e  scale 
acetic  acid  vapour  is  passed  through  copper  vessels  with  perforated  shelves  on 
IS  placed  Lead  acetate  is  intensely  sweet  and  very  soluble  in 
wa^r  U4  part)  Commonly,  the  solution  is  turbid  from  the  precipitation  of  lead 
caibonate  by  the  carbonic  acid  in  the  water ; a drop  of  acetic  acid  clears  it  The 
acetate  is  soluble  in  alcohol.  When  heated,  it  fuses  at  750  C.  and  becomes 
anhydrous  at  100  . The  anhydrous  salt  melts  when  further  heated,  evolves  the 

* Sm°  ! °!  ac,et0!!e'  and  becomes  again  solid  as  a basic  lead  acetate,  which 
is  decomposed  at  a higher  temperature,  evolving  CO„  and  acetone  and  leaving-  -1 
yellow  residue  of  PbO  mixed  with  globules  of  lead.  ’ ana  leai  ing  a 

- There  are  several  basic  lead  acetates,  but  the  only  one  of  practical  importance 
is  the  tnbasic  lead  acetate,  or  Goulard's  extract,  (CH3.C02).,Pb.2Pb0.Ho0  which  is 

acetate.with  litharge.  It  forms  needle-like  crystals 
thp  c if  • V*  J°  l1  i6!  ln  )vaber’  but  insoluble  in  alcohol.  A strong  solution  of 

smallest  a ^ but  ? Wea£  solution  is  rendered  turbid  by  the 
f C°-  m-  air  or  water-  Tribasic  lead  acetate  is  very  useful  in 

S extracftS  SffiT'*  ^ «"* &C"  *"»  ”***••  U'f“si°ns  “ <*>« 

sheerrnnnprtftr^XtUref°f  S6Veral  basic  cupric  acetates  prepared  by  acting  on 
orid  ition  of  the °f  ,the  Wine-Press,  which  yield  acetic  acid  by 
aSion  of  the  a°ld  £omblnes  Wlth  the  cupric  oxide  formed  by  the 

compound  fCH  r S r°PnPfH  Commercial  verdigris  consists  chiefly  of  the 
a ' C^Cu.CuO.  6H..O.  When  this  is  treated  with  water  it  is  only 
^ l a-he • re.sldue  having  the  composition  (CH3.C02),Cu.2Cu0.2H..0y 

in  nrvst  ying  verdigns  111  acetic  acid,  the  normal  cupric  acetate’ may  be  obtained 
ZZ7  v°r  the  f0rraula  (CH  C02)2Cu.H20.  It  forms  blue  prisms  soluble  in 
calico-printing81 1S  1S  USed  “ the  manufacfcure  of  colours,  and  in  dyeing  and 

Emerald-green,  or  cupric  aceto-arsenite,  (CH3.C0.1).)Cu.Cu3(As03)„.2As.A,  is  made 

Siwnnf  grnf  Wlth  Wbite  arsenic  and  water!  ’ It  is  used  for  colouring  wall. 

P ?,  }.  d other  fabrics,  and  is  dangerous  to  the  makers  and  purchasers. 

c lum  ({cetate>  CH3.C02Na.3Aq,  prepared  by  neutralising  acetic  acid  with 
vielfl  nnpCafbtv,nav.e’  crTstallises  in  prisms  which  are  very  soluble  in  water  and 
used  in  W ^ b<5St  (ycamPjGS  of  a supersaturated  solution  (see  p.  43),  which  is 
oot-warmers  for  railway  carriages,  on  account  of  the  continuous  evolution 
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of  heat  during  its  crystallisation.  It  is  four  times  as  effective  as  an  equal  volume 
of  water.  , PrP  remarkable  for  their  fusibility  and 

2 4 sm 

form  cryf ^"K^CaC,,  yield,  the 

c„“=  *~ 

«n..rUle  for  being  capable  of  sublimation 

oxidation  of  bodies  containing  the  methyl  group.  following 

363.  Acetic  acid  has  been  produced  synthetoUy  by  the  Ml owi  g 

reactions  0 heated  in  vapour  of  8 yields  tS,  (1)  ' *1™  ^ 

mixed  with  01  and  passed  through  a red-hot  tube 


(3)  Vapour  of  CCS. fc  cf  tld  on  by  01  and  water,  in  sunlight ; 
r0T“H  0CL°  h«C^  (trichloracetic  acid).  (5)  When 

this  last  is  acted  on  by  nascent  hyfcog_en  (so toama^n  and  water), 

it  yields  acetic  acid ; CC1,.00,H  + H,  . ='  ! •>  th  .lction  of 

A- S3 

Acetic  oxychloride,  or  acetyl  cliloi  ide,  LH3.  > , • j (2  parts)  at  a 

ts  *sfs 

Sr?TA  T «7S»  — ta  h-e  Of  two  hydrogen 
atoms ; a few  examples  are  here  given- 


Alcohol  radicals, 

C»H2»  + r 

“O’  OH-OH, 

Etnyl  • p-rr 

Propyl  C2H5.CH2 

Butyl  2»Hr0HS, 

Amyl  C,tiu^n2 


Formyl 
Acetyl 
Propionyl 
Butyryl 
Valery  1 


Acid  radicals, 
C«H„» — ,0. 


CHO 

CH3.CO 

c2h5.co 

c3h7.co 

C.H0.CO 
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. 364-  Acetic  anhydride,  or  di-acetyl  oxide,  or  anhydrous  acetic  acid,  (CH  .COLO 
is  prepared  by  distilling  acetyl  chloride  with  an  equal  weight  of  perfectly  anhy- 
drous sodium  acetate  ; CHrCO.Cl  + CH,.CO.ONa= (CH,.  C0),0  + NaCl.  It  distils 
over  as  a colourless  liquid,  smelling  of  acetic  acid,  but  irritating  the  eyes  • its 
sp.  gr.  is  1.073,  and  boiling  point  138°  C.  It  dissolves  slowly  in  water,  with 
evolution  of  heat  and  formation  of  acetic  acid — 

(CH3.C0)20  + H20  = 2(CH3.CO.OH). 

Acetic  anhydride  may  also  be  formed  by  heating  lead  acetate  with  carbon 
disulphide  ; 2Pb(CH3.C02)2  + CS2  = 2(CHS.C0)20  + 2PbS  + CO,. 

By  carefully  acting  on  acetic  anhydride  w'ith  sodium-amalgam  and  water  Cor 
snow),  it  has  been  converted  into  aldehyd  and  alcohol- 


(C1I3.C0)20  + 2H2  = 2(CH3.COH)  + H.,0. 


CH3.COH  + 


H2  = CH3.CH2.OH. 


Hence,  aldehyd  is  sometimes  termed  acetyl  hydride. 

Acetyl  dioxide,  or  acetic  peroxide,  (CH3.C0),02,  is  obtained  by  adding  barium 
dioxide  to  an  ethereal  solution  of  acetic  anhydride — 

2(CH3.C0)20  + Ba02  = (CPI3.C0)202  + Ba(CH3.C02)2. 

It  is  an  oily  liquid,  insoluble  in  water,  and  exploding  violently  when  heated.  It 
has  the  powerful  oxidising  properties  which  would  be  expected  from  its  chemical 
resemblance  to  hydric  peroxide. 

.365-  Propylic  or propionic  acid,  C2H..C02H,  is  not  produced  upon  a large  scale 
like  acetic  acid.  It  is  formed  in  the  putrefaction  of  various  organic  bodies,  and 
m the  destructive  distillation  of  wood  and  of  rosin.  It  may  be  separated  from 
iormic  and  acetic  acids  by  saturating  the  mixture  with  PbO,  evaporating  to  dry- 
ness, and  extracting  with  cold  water.  On  boiling  the  solution,  it  deposits  basic 
Lead  propylate,  leaving  the  basic  lead  formate  and  acetate  in  solution.  From  the 
lead-salt,  the  acid  may  be  obtained  by  the  action  of  H„S  or  II,, 80,. 

bodium  propylate  is  obtained  by  the  action  of  CO  upon  sodium  ethylate,  iust 
as  sodium  formate  is  obtained  from  sodium  hydrate  (see  p.  509) — 

CO  4-  C2H5.ONa  = C2H5.C02Na. 

Propyl  ic  acid,  as  would  be  expected,  resembles  acetic  acid.  Its  sp.  gr.  is  .00 
* bcl1f , at.  I42°  C.  It  has  no  practical  importance.  The  propylates  are 
mostly  soluble  in  water,  but  silver  propylate  is  sparingly  soluble.  Lead  nronvlate 
is  much  more  difficult  to  crystallise  than  lead  acetate. 

CaH,v£02dH’  is  made  from  cane-sugar  by  dissolving  it  in  water 
sumoi  i’ntn^3,  hfcfcl®t¥*anc  acid  (ifrth  part),  and  boiling,  to  convert  the 
rnhW!  glucose,  and  adding  to  the  cooled  liquid  some  putrid  cheese  ( JUh  part) 

int  obili  P ab°Ut ,thl1rt^  tl,raes  lts  wei»ht  of  milk-  Some  chalk  ( 4 part)  is  stirred 
of  m'h  ,r»  pIU'-i’i'Vhl(;1 1S  then  aUowed  t0  ferment  for  a week  at  a temperature 
concerted  into  iS?  §'lu.cose.C6H120  undergoes  the  lactic  fermentation,  and  is 
?„„Z°  ’t  d mt?  lactlc  acid-  CsH.A>  which  is  converted,  by  the  chalk,  into  calcium 
2e’  -onnmg  a pasty  mass  of  crystals.  After  a time,  the  mass  becomes  liquid 
»bubeS  0f  and  carbon  dioxide,  and  forming  a strong 

iu  , calcium  butyrate.  When  this  is  mixed  with  strong  hydrochloric  acid, 

7SeS  tom,the  surface  and  forms  an  oily  layer,  which  may  be 

I , > ' distlBation.  The  passage  of  lactic  acid  into  butyric  acid  is  expressed 

by  the  equation  2C3H803=CsH7.C02H  + 2C02  + 2H2.  1 

sn  ^i1CriCMS,a.ftrongly  acdd  "liquid,  smelling  of  rancid  butter,  having  the 
aP'aui  \vV,or,’tiind  b°llm?  at  i63°  C.  It  mixes  readily  with  water,  but  separates 
snbiKia  fi,  ,'te  water  1S  saturated  with  a salt.  The  butyrates  are  rather  less 
colri  o-,ian  Je  acetates.  Calcium  butyrate  is  less  soluble  in  hot  water  than  in 
com  Oliver  butyrate  is  very  sparingly  soluble. 

nrm'!, n.1 1 C ^ld  is  found  in  the  products  of  distillation  of  wood  and  of  some  other 
i,  L c odies.  It  exists  in  the  perspiration  of  the  skin,  and,  as  a glyceride,  in 
butter,  m cod-liver  oil,  and  in  some  vegetable  oils. 

ainvulnni,0!  valerianic,  or  isopentoic  acid,  C,H9.C02H,  is  prepared  by  oxidising 
mi:t  rV  b°/  fousei  od)  with  potassium  dichromate  and  sulphuric  acid.  One 
cold  -alcohol  is  slowly  mixed  with  four  parts  of  sulphuric  acid,  and  the 

■Dari.  iae  ?radually  added  to  five  parts  of  potassium  dichromate  and  four 
action  „Iater  a fl.ask  or.retorfc  an  inverted  condenser.  When  the  livelv 
appear  inTho’ theimiXtU1 6 AS  b.oiled  as  long  as  oily  drops  (isovaleric  aldehyd) 
S:,  ' »•  tatter  is  then  reversed,  and  the  distillation  pro- 

is  sink  a,  -N  f no  distillate  contains  water,  valeric  acid,  and  amyl  valerate  • it 
S Shakeu  Wltb  a ^igbt  excess  of  soda,  when  the  amyl  valerate  rises  to  Ihe  s’uS 
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face  ; the  acueous layer  Is  frKSphuric'^ acid5 alhrtea'^^Saf'ite  weight  of 
Srf’Ih^el  iirrllestotheLrface,  and  is  rectified  over  fused  calc, am 

chloride.  . . , , tbp  potassium  dichromate  and  sulphuric  acid  (see 

valeric  acid,  according  to  the  equation 

C,H,OH,.OH  + 0,=  C d cheese  its  sp.  p.  is  95,  and  it 

bodf  S1C,75;  CS  “ i much  Sfsoluble  in  water  than  the  preceding  adds, 

rXe.aDy  soluble  in  water,  but  the  silver  salt  is 

sparingly  soluble.  Zinc  valerate  “ the  berries  of  the  guelder 

Valeric  acid  occurs  in  valerian  root  ^ fi gh  oilg  and  in  the  perspiration, 
rose,  and  m many  othei  plan  , < ^ ,g  found  in  butter  from  cows  and  goats,  and 
Caproic  or  hexoic  acid,  C>,HU.  2 > d r • it  is  also  found  in  some  plants, 

in  Limberg  cheese,  being  oue  can  formed  ’ together  with  butyric  and  acetic 

and  in  the  perspiration.  Caproic  acid  is formed  tog  be  separated 

acids,  in  the  butyric  fermentet ion sp.gr.  .94,  and  boils 
from  these  by  fractional  distillation.  and  has  a repulsive  odour. 

“‘Sfiap”  “S’ fid  calcium  are  r’ather  sparingly  soluble  in  water,  an 

silver  caproate  is  nearly  insoluble.  found  among  the  products  of  the 

366.  (Enantlnc  or  heptoic  may  also  be  obtained  by  oxidising 

distillation  of  fats  by  superheated  steam  it  ? e and  suipEuric  acid, 
oenanthic  aldehyd  (cenanthol)  ^thpotassiuma  boils  &t  „ c Manyof 

(Enanthic  acid  has  a .faint  odoui _ and sp.  % ^ oMiions  of  the  alkaline 
the  cenanthates  are  nearly  insoluble  soap.  . 

oenanthates  become  gelatinous  on  cool  gJj*  ^ ^ fousel  oil  from  wmes,  m old 
Caprylic  or  octoic  acid,  C7n15-  2 > , fat  and  cocoa-nut  oil. 

cheese,'  and,  as  a glyceride,  in  butter • [es  ;,Mch  ls  solid  at  common  tem- 

they  dissolve  in  alcohol.  originally  obtained  from  the  essential 

Pelargonic  or  nonoic  acid,  1 amonAhe  products  of  oxidation  of  oleic 

Oil  of  Pelargonium  roseuvi  W essential  oil  of  rue,  rutic  aldehyd, 

acid  by  nitric  acid,  it  is  aisu  ^ , 

C H10.COH,  is  oxidised  by  nitric  acid  dour  crystallising  at  12  C.  and 

Seiargonic  acid  is  an  o^ly  luqmd,  ^"uSin  4ter.  The  pelargonates 

are^sparingly^  solnbleln  those^f  «-  ^obSuned  from  many  fats, 

Rutic  cupric,  or  decatoic  acul,  C9H19.  2 > ‘ ids  It  has  a smell  of  goats  , 

and 'by' the  orddaticn  pother  fatty  acida.  I slightly  ,n 

bomngCwati  aid  crystallises  out  on  cooling  fotmed  when  oil  of  rue  is 

ki&c,  W it  &mot  be  boiled  without  decomposition, 

except  undeldiminSlied  pressure-  R obtainetl  from  a fatty  substance 

*£5t  Se1«Se  Aej  %&£  * 

the  mango  arhUn  a TVon^  decomposed^  bySbydrochlo^^  acid/aud  the  separated 

pressures  without  decomposrtmn  originaEy  obtained,  in  small ;^^ity  from 

1 Cocinic  or  tridecyhc  acid  45°.  it  lias  no  practical  importune. 

cocoa-nut  oil^s  a ciTstalhn^soUd,is  ^ B g« e id  * nutmeg-butter,  thejfatj. 

substance0  Extracted  foi  lauric  acid.  Its  alcoholic 

soluUonlpyosX°tC?needles  fusing  at  54°  C. 
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. Myristic  acid  has  also  been  obtained  from  the  fatty  matter  of  the  man°-o  and 
m small  quantity,  from  cocoa-nut  oil.  B ’ ’ 

. Pentadecyhc  acid,  CuiL9.C(AH,  has  been  obtained  from  the  fungus.  Aqaricus 
integer;  its  crystals  fuse  at  about  70°  C.  5 J 

367  Palmitic  acid,  C15H31.C02H,  is  the  first  of  the  fatty  acids,  properly 
so  called,  which  occur  as  glycerides  in  the  vegetable  and  animal  fats, 
and  form  true  soajos  with  the  alkalies,  such  soaps  being  the  salts  formed 
by  the  fatty  acid  with  the  alkali-metal,  characterised  by  easily  lathering 
when  dissolved  in  soft  water,  by  being  precipitated  from  their  aqueous 
solutions  by  common  salt,  and  by  giving  an  oily  layer  of  the  melted 
fatty  acid  when  boiled  with  any  of  the  common  acids. 

On  the  large  scale,  palmitic  acid  is  made  from  palm-oil,  as  described 
at  p.  496.  It  has  also  lately  been  manufactured  by  the  action  of 
potassium  hydrate  on  oleic  acid. 

On  the  small  scale,  the  palm-oil  is  boiled  with  potash,  which  converts 
it  into  potassium  palmitate  and  oleate ; on  adding  dilute  sulphuric  acid 
to. the  solution,  a mixture  of  palmitic  and  oleic  acids  is  precipitated: 
this  is  washed,  dried,  and  dissolved  in  hot  alcohol,  from  which  the 
palmitic  acid  crystallises  on.  cooling,  leaving  the  oleic  acid  in  solution. 
Palm-oil  contains  the  glycerides  palmitin  and  olein,  which  are  saponified 
by  the  potash,  with  liberation  of  glycerin,  as  will  be  further  explained 
under  the  head  of  Etherecd  salts,  to  which  the  glycerides  belong. 

Palmitic  acid  crystallises  in  needles  which  fuse  at  62°  C.  &It  is  de- 
composed  by  distillation,  except  in  the  presence  of  steam. 

The  substance  known  as  adipocere,  a wax-like  mass  which  is  left  when 
animal  bodies  decompose  in  the  earth,  is  a mixture  of  palmitates  of 
calcium  and  potassium. 

The  formation  of  palmitic  acid  from  spermaceti  has  been  explained 
at  p.  493.  1 

whicirSb  is  synthetically  obtained  by  processes 

"hich  will  be  referred  to  hereafter.  The  substance  formerly  known  by 

this  name,  and  supposed  to  exist  as  the  glyceride  margarin  in  natural 

‘ T,a  11U1Xture  of  stearic  and  palmitic  acids.  Margaric 

acid  crystallises  like  palmitic,  and  fuses  at  6o°  C. 

Stearic  add,  Cl7H35.C°2H,  may  be  prepared  from  suet  by  boiling  it 
cwLP0AaSh’  decof  P°s!a&  the  resulting  soap  with  hydrochloric  acid, 
oua  Htv^f  leif  m ! f?lds’  and  dissolving  in  the  least  possible 
i “ . 0 ,l  co hoi.  This  retains  the  oleic  acid  in  solution  and 

eposits  a mixture  of  stearic  and  palmitic  acids  on  cooling  • the  mixture 
1 r ie  , Jn  Gf  ^ blotting-paper,  and  repeatedly  crystallised  from 
a coho!  tfil  it  fuses  at  69°  <J.  The  stearic  acid  exists  in  the  suet  and  in 

he1’  "0hdjfs’m  the  form  of  the  glyceride  stearin,  mixed  with 
p<  nitin  and  a little  olem.  When  saponified  by  the  potash,  these  yield 
the  stearate,  palmitate,  and  oleate  of  potassium. 

fnc;  6an,C  acad  f a white  crystalline  solid,  of  the  same  sp.  gr.  as  water 
losing  at  69  G.  and  not  distilling  without  partial  decomposition,  except 

in  wl^Tr8  ° 1 m a cu™?t  0f  ^perheated  steam.  It  is  insoluble 
flame  Th!  d*3°lve*m  alc°h°l  and  ether.  It  burns  with  a luminous 
win  T 16  a kahes  dissolve  stearic  acid  on  heating,  forming  stearates 

tTdlow  Z7mrneQK  0t\  °rdinai^  soaPs-  ^ curd  soap  made  from 
‘ , 1 nd  &oda  consists  chiefly  of  sodium  stearate,  C17H35.CO,N'a,  which 

1 ‘ J ,e.  crystallised  from  alcohol.  It  dissolves  in  a little  water  to  a 
‘ V solutlon,  but  when  this  is  largely  diluted  it  deposits  scaly  crystals 
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of  the  acid  sodium  stearate,  (C17H35.C02)2HISra.  Potassium  stearate- 
behaves  in  a similar  way.  The  other  stearates  are  insoluble.  Those  of 
calcium  and  magnesium  are  precipitated  when  hard  water  is  brought  in 
contact  with  soap.  Magnesium  stearate  may  be  crystallised  from 

al<Stearic  acid  mixed  with  palmitic  acid  is  the  material  of  the  so-called 
stearin  candles. 

Balenic  acid  is  of  no  practical  importance.  ....  , . Q 

Butic  or  arachidic  acid,  C19H33.CO.,H,  occurs  m butter,  and  in  the  Indian 
Katchung  oil  used  for  burning  and  dressing  cloth,  which  is  obtained  f 10m  the 
seeds  of  a leguminous  plant  known  as  Arad  as  hypogcea  or  ground-nut.  it  is  a 

crystalline  solid  fusing  at  75°  C.  . , . T,  - . 

Nardic  or  medullic  acid,  C20H41.CO2H,  occurs  in  the  fat  of  beef.  It  fuses  at 

72Behenic  acid,  C21H4S.C02H,  is  obtained  from  Ben-oil,  used  by  perfumers  and 
watch-makers,  and  extracted  from  Ben-nuts,  the  seeds  of  the  horse-radish  tree 
(Morinqa  oleifera)  of  the  East  Indies.  Its  fusing  point  is  76  C. 

Lignoceric  acid,  C23H47.C02H,  obtained  from  beech-wood  tar,  crystallises  in 

nejB/cenic  acaZ  ^^hJcOJT,  prepared  from  the  fat  of  the  hyaena,  fuses  at  77°  C. 

Cerotic  acid,  C^.CO aH(7),  forms  about  two-thirds  of  bees  -wax  and  may  be- 
extracted  from  it  by  boiling  alcohol,  which  deposits  the  acid  on  coolins.  It  fuses 

at  Cerotic  acid  is,  according  to  recent  statements,  a mixture  of  two  acids,  one  of 

i obtained  by  the  oxidation  of  the  corresponding 
alcohol  (p.  493)  obtained  from  different  varieties  of  wax.  It  fuses  at  91  C 

368.  General  remarks  on  the  acetic  series  of  acids. — It  will  have  been 
noticed  that,  as  the  number  of  carbon  atoms  m the  acids  increases,, 
their  solubility  in  water  diminishes.  Acetic  acid  mixes  with  water  in 
all  proportions,  while  palmitic  acid  is  quite  insoluble.  In  a simi  ai 
wav  the  volatility  of  the  acids  decreases,  so  that  palmitic  acid  and  those 
richer  in  carbon  can  only  be  distilled  under  diminished  pressure  or  m a 

current  of  steam.  , •. 

The  acid  strength  also  diminishes  with  the  increase  111  the  carbon 

atoms,  and  this  is  turned  to  account  in  separating  the  volatile  tatty 
acids  from  each  other  by  the  method  of  partial  saturation.  Suppose  1 
to  be  required  to  separate  butyric  and  valeric  acids.  I he  mixtuie  is 
divided  into  two  equal  parts,  one  of  which  is  exactiy  neutralise^  y 
soda  yielding  butyrate  and  valerate  of  sodium.  The  other  half  of 
acid ’Sure  is  then  added,  and  the  whole  distilled.  Since  butyric  acid 
is  the  stronger  acid,  it  will  expel  the  valeric  acid  from  the  sodium 
valerate  If  the  mixture  contained  equal  molecules  of  the  tv  o acid  r 
the  distillate  would  contain  valeric  acid  only,  and  the  residue  would 
contain  the  sodium  butyrate.  If  the  valenc  acid  preponderated,  the 
residue  would  contain  both  valerate  and  butyrate,  and  when  disti  e 
Sth  sulphuric  acid,  would  yield  a fresh  mixture  of  the  acids  which 
PI  bp  no-1  in  treated  in  the  same  way.  But  if  butync  acid  pie 
nonderated8  the  residue  would  be  only  sodium  butyrate  while  the 
distillate  would  contain  both  butyric  and  valeric  acids,  to  be  again 

tr ' Tlu'1  mm1  voktileaf atty  acids  may  be  separated  from  each  other  by 
fractional  precipitation,  which  depends  on  the  principle ' JgJ  the 

{dity  of  their  salts  ^ barium,  =uim,  in 

Xhoi:  tJV partially  precipitated  by  an  alcoholic  solution  of  the 
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.-acetate  of  Ba,  Mg,  or  Pb.  This  precipitate  will  contain  the  acid  or 
•acids  richest  in  carbon.  It  is  filtered  off,  and  another  precipitate  is 
obtained  from  the  solution  in  the  same  way.  This  will  contain  acids 
with  less  carbon,  and  so  on. 

Each  precipitate  is  decomposed  by  HC1,  and  the  new  mixture  of 
acids  so  obtained  is  subjected  to  the  same  treatment,  until  the  separated 
acid  is  found  to  have  a constant  melting  point. 

The  constitution  of  the  fatty  acids  is  disclosed  when  they  are  sub- 
jected to  electrolysis,  for  they  then  evolve  one  atom  of  carbon  as  CO., ; 
thus,  acetic  acid  yields  dimethyl  (ethane),  CO.,  and  H — 

2(CH3.C02.H)  = (CH3)2  + 2CO,  + H2. 

Again,  valeric  acid  yields  dibutyl,  CO„  and  H — 

2(C4H9.C02.H)  = (C4H9)2  + 2CO,  + H2. 

369.  Acrylic  acid,  C2H3.C02H,  is  obtained  by  heating  acrolein  (p.  503)  with 
water  and  silver  oxide  in  the  dark;  C2H3.COH  + Ag,0  = C,H3.CO,H  + Ag\,  It  is  a 
pungent  liquid,  miscible  with  water,  and  boiling  at  I40°"C.  Nascent  hydrogen 
•converts  it  into  propylic  acid,  C2Hs.C02H.  Potassium  acrylate,  fused  with  potas- 
sium hydrate,  yields  acetate  and  formate  of  potassium — ' 

C2H3.CO.,K  + KOH  + H.,0  = CH3.C02K  +.  H.CO..K  + H2. 

Crotonic  acid,  C3H3.CO„H,  was  so  called  because  a substance  isomeric  with  it 
was  obtained  from  croton  oil.  It  may  be  obtained  by  oxidising  crotonic  aldehvd 
with  silver  oxide  (seep.  503).  It  is  a crystalline  solid,  fusing  at  720  C.  and  boiling 
.at  1S9  , its  vapour  condensing  in  scales.  It  is  moderately  soluble  in  water,  and 
has  an  odour  like  butyric  acid.  Nascent  hydrogen  converts  it  into  butyric  acid  ; 
C3H5.C02H  + 2H  = C3HrC°2H.  Fused  potash  converts  it  into  potassium  acetate; 
'-3^5-^02H  + 2K0H  = 2(CH3.C02K)  + H.(.  Nitric  acid  converts  it  into  acetic  and 
oxalic  acids,  by  oxidation;  C3H3.C02H  + 04  = CHs.CO,H  + C02H.C02H.  Chromic 
acid  carries  the  oxidation  a step  farther,  producing  acetic  acid”,  water,  and  carbon 
dioxide;  C3H5.C02H  + 03  = CH3.C0,H  + 2CO,-rH.,0.  Crotonic  acid  has  been  found 
rn  crude  pyroligneous  acid. 

Angelic  acid,  C4H7.C02H,  is  obtained  by  boiling  angelica  root  (an  umbelliferous 
plant)  with  lime  and  water,  filtering,  acidifying  with  sulphuric  acid,  and  distilling. 
Ihe  acid  appeals  to  be  contained  in  the  root  as  an  ethereal  salt,  which  is  decom- 
posed by  the  lime.  Chamomile  flowers  and  some  other  aromatic  plants  also  yield 
.this  acid.  1 

Angelic  acid  crystallises  in  prisms,  fusing  at  450  C.  and  boiling  at  185°.  It  has 
■an  aromatic  odour,  is  soluble  in  hot  water  and  in  alcohol  and  ether.  When  boiled 
nn  u ^ *S.  c°hverted  into  an  isomeride,  tiglic  acid  or  methyl-crotonic  acid, 
C3H4.CH3.C02H,  which  is.  also  obtained  from  croton  oil  ( Croton  tiglium),  and, 
togethei  with  angelic  acid,  from  cummin  oil  ( Cuminum  cyminum ).  Fused  with 
potash,  angelic  acid  yields  acetate  and  propylate  of  potassium — 

C4H7.CO,H  + 2KOH  = ch3.co2k  + C2H5.CO.,K  + H„. 

Pyroterebic  acul,  C6Ha.C02H,  is  prepared  by  distilling  terebic  acid,  a product  of 
•the  action  of  nitric  acid  on  turpentine  ; C„H902.C0,H  = C5H9.C02H  + CO.,  Pyro- 
terebic acid  is  a liquid  boiling  at  210°  C.,  and  having  a characteristic  odour. 
-Bused  potash  converts  it  into  acetate  and  (iso)butyrate  of  potassium — 

CsHa.CO,H  + 2K0H  = CH3.CO,K  + C3H7.CO,Iv  + PI2. 

Damaluric  acid,  CGHM.C02H,  occurs  in  small  quantity  in  the  urine  of  men, 
horses,  and  cows.  It  is  liquid,  and  smells  like  valeric  acid.  It  is  little  known. 

Lampliolic  acul,  C9H17.C02H,  also  little  known,  is  obtained  by  boiliug  camphor 
with  alcoholic  solution  of  potash;  C10H16O  + KOH  = C9H17.CO,K.  By  evaporating 
e alcohol,  dissolving  the  potassium  campholate  in  water,  and  adding  HC1,  the 
campholic  acid  is  precipitated,  and  may  be  crystallised  from  alcohol.  It  is  a 
volatile  acid,  and  fuses  at  950  C. 

Cimicic  acul,  C14H27.CO,H,  exists  in  a stinging  beetle,  the  tree-bug  ( cimex ) ; bv 
■ routing  the  beetles  with  ether,  the  acid  is  extracted,  and  crystallises  from  the 
solution  in  prisms  fusing  at  440  C. 

Hypogceic  acid,  C15H29.C02H,  is  extracted  from  the  ground-nut,  together  with 
,lc  ^C1C^  (7ee.P-  5i6).  It  is  crystalline,  fuses  at  330  C.,  and  dissolves  in  alcohol 
n ether.  It  is  worth  notice  that  liypogaiic  acid  absorbs  oxygen  from  ail . 
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The  acids  of  the  acrylic  series  are  able,  as  a rule,  to  combine  with 
two  atoms  of  bromine  to  form  dibromo-substitution  products  of  acids 
of  the  acetic  series;  thus,  acrylic  acid,  C8H3.C02H,  yields  dibromopro- 
pylicadd,  CoH3Br2.C0.,H;  oleic,  C17H33.C02H,  yields  dibromostearic  acid, 
C17H33Br2.CO„H.  When  these  dibromo  acids  are  boiled  with  alcoholic 
solution  of  potash,  they  are  convei'ted  into  monobromo-substitution  pro- 
ducts of  the  acrylic  series ; thus — 

C.,H3Br.,CO.,H  + KOH  = KBr  + C2H2Br.C02H  + H.,0 
— that  is,  dibromopropylic  acid  yields  bromacrylic  acid ; or  both  atoms 
of  Br  may  be  removed  as  HBr,  and  a new  acid  of  the  sorbic  series  pro- 
duced; thus,  C17H33Br2.C02H  = 2HBr  + C Hsl.COaH 

Dibromostearic  acid.  Stearolic  acid. 

372.  Tetrolic  acid,  C3H3.C02H,  has  no  practical  importance.  It  is  produced 
when  chlorocrotonic  acid  is  heated  to  ioo°  C.  with  potash  dissolved  in  alcohol ; 
C,H4Cl.C03H  + 2KOH  = C3Hs.COgK  + KCl  + 2HaO.  It  is  also  formed  by  heating 
sodium  allylide  in  carbon  dioxide  ; C3H3Na  + C02  = C3H3.C02Na. 

Tetrolic  acid  is  crystalline  and  deliquescent,  fusing  at  76°. 5 C.  and  boiling  at 
203°.  A higher  temperature  decomposes  it  into  C02  and  C3H4,  allylene.  It  dis- 
solves in  alcohol  and  ether.  Silver  tetrolate  undergoes  spontaneous  decomposition 
into  C02  and  silver  allylide. 

Sorbic  acid,  C5H7.C02H,  is  obtained  by  distilling  the  juice  of  unripe  mountain- 
ash  berries  {So r bus),  when  it  passes  over  together  with  water  as  a yellow  fragrant 
oil,  which  becomes  a crystalline  solid  when  boiled  for  some  time  with  strong  HC1, 
or  when  fused  with  KHO  and  precipitated  by  an  acid. 

Sorbic  acid  fuses  at  i34°-5  C.,  and  is  decomposed  when  distilled,  unless  in 
presence  of  steam.  It  is  sparingly  soluble  in  water,  but  dissolves  in  alcohol. 

Palmitolic  acid,  C15H27.C02H,  is  of  no  practical  importance.  It  is  a crystalline 
solid,  insoluble  in  water,  and  fusing  at  420  C.  Nitric  acid  oxidises  it  to  suberic 
acid,  C6H12(CO.,H)2. 

Stearolic  acid,  C„H31.C02H,  another  acid  of  little  importance,  forms  crystals 
sparingly  soluble  in  cold  alcohol,  fusing  at  48°  C.,  and  subliming  undecomposed. 
Nitric  acid  converts  it,  eventually,  into  azelaic  acid,  C7Hh((J02H)2,  the  next 
homologue  of  suberic  acid. 

Behenolic  acid,  C21H39.C02H,  is  also  crystalline,  and  fuses  at  57°.5  C. 

373.  General  remarks  on  the  sorbic  series  of  acids. — These  may  be 
obtained  from  the  acids  of  the  oleic  series,  by  combining  them  with  two 
atoms  of  bromine  and  treating  the  product  with  alcoholic  solution  of 
potash  (see  above).  These  acids  also  combine  with  two  and  four 
atoms  of  bromine,  and  are  converted  by  nitric  acid  into  new  acids  by 
taking  up  two  atoms  of  oxygen. 

Thus  we  have  the  acids — 


C5H7Br2.CO„H  formed  on  the 
C5H,Br4.CO:H 
ClsH29Br2.C02H  ) 
C15H2702.C02H 
{paimitoxylic  acid)  ) 
C17H31Br2.C02H 
C17H3IBr4.C02H  ) 
C17H3102.C02H  „ 

( stearoxylic  acid ) J 
C2,H8902.C0.2H  } 

{be/ienoxylic  acid)  j ” 


type  of  pyroterebic  acid,  CSH„.  CO„H 
,,  caproic  ,,  C5Hu.C02H 

11 

palmitic 

„ C15H31.C02H 

11 

oleic 

„ C1THa3.C02H 

11 

stearic 

„ CjjHjj.COjjH 

11 

behenic 

„ C2lHl3.C02H 

374.  Benzoic  or  phenyl- formic  acid,  C6H3.C02H,  is  prepared  from 
naphthalene,  CI0H8 ; this  is  first  converted  into  naphthalene  tetra- 
chloride, C10H8C14,  by  the  action  of  chlorine,  or  of  potassium  chlorate 
and  hydrochloric  acid ; the  naphthalene  tetrachloride  is  boiled  with  nitric 
acid,  which  converts  it  into  phthalic  acid,  CfiIT4(CO.H)_, ; this  is  neutral- 
ised with  lime,  and  the  dried  calcium  phthaia'e  is  neated  with  slaked 
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lime  to  between  3°°°  and  35°°  0.  for  some  hours,  when  it  becomes  con- 
verted  into  calcium  benzoate  „r.,m 

The  calcium  benzoate  is  decomposed  by  HOI,  when  the  benzoic  acid  * 

PrSsofct^Lra£made  from  toluene,  O.H..CH,;  when  01  is  passed 
benzoic  acia  into  boiling  toluene,  it  produces  ben- 

zyl chloride,  C6H5.CH8C1,  which  may 
be  converted  into  benzoic  acid  by 
oxidising  it  with  nitric  acid. 

Benzoic  acid  was  originally  ex- 
tracted from  gum  benzoin,  a resinous 
exudation  from  Styrax  benzoin,  a tree 
of  the  Malay  Islands.  When  the 
gum  is  gently  heated  in  an  iron  01 
earthen  vessel,  covered  with  per- 
forated paper  and  surmounted  by  a 
drum  of  paper  (fig.  279),  the  benzoic 
acid  rises  in  vapour  and  condenses 
in  the  drum.  A better  yield  is 
- - - obtained  by  boiling  the  benzoin  with 

lime  and  water,  and  decomposing  the  filtered  solution  of  calcium  ben- 

z°ate  with  byd™c““yb“‘da;tl  converted  into  benzoic  acid  by  oxidising 

it  whh  MnO/an'd 

of  benzoic  acid;  C6Hfi  + H.C02H + g = | cowg  a'n(j  porses,  which 

be“°ic 

“C  sLoic  acid  occurs  among  the  products  of  oxidation  of  albuminous 

dissolve  it  readily.  Botasli  « . , -yr  t f tpe  benzoates  are 

f ■ Ainride  is  added  to  a neutral  benzoate. 

f6  By  distillation  with  excess  of  lime,  benzoic  acid  yields  benzene- 
J C.H..CO..H  + CaO  = CaC03  + 


Fig.  279. 


q VJvJ  il.  1 vjdvy  — 1 o o , 

When  vapour  of  benzoic  acid  is  passed  over  heated  sine-dust,  it  is 

converted  into  bitter-almond  oil  (benzoic 

C.H-.CO„H  + Zn  = C8H5.UUH  + zmv 


ZnO. 


By  boiling  with  strong  HNO„  benzoic  acid  is  converted  into  »tro- 

S +&Hcf 

C.H..CO.OH  + PCI,  = beers  to  acetic  acid,  the 

ldated  “ a similar  way  ,0  benzyl  aud 

ethyl ; 
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Ethyl,  C2H, ; Acetyl,  C.,H30’' 

Ethyl  hydride  (ethane),  C2H6 
Ethyl  hydrate  (alcohol),  02H5.H0 
Acetyl  hydride  f aldehyd),  C2H40 
Acetyl  hydrate  (acetic  acid))  C2H402 


Benzyl,  C,H, ; Benzoyl,  C7HsO" 
Benzyl  hydride  (toluene),  C,HS 
Benzyl  hydrate,  C7H7.HO 
Benzoyl  hydride,  C7HbO 
Benzoyl  hydrate,  C,HG02 


375.  Benzoic  anhydride,  or  dibenzoyl  oxide,  (CBH5.C0)20,  is  produced  by  heating 
benzoyl  chloride  with  dry  sodium  benzoate — 

CbH5.COC1  + CgHs.CO.ONa  = (CBH5C0)20  + NaCl. 

The  mass  is  washed  with  water  and  the  anhydride  crystallised  from  alcohol.  It 
fuses  at  420  C.  and  boils  at  310°.  Boiling  with  water  converts  it  slowly  into  ben- 
zoic acid. 

By  heating  benzoyl  chloride  with  dry  sodium  acetate,  the  benzoacetic  anhydride 
is  obtained;  CBH5.C0Cl  + CH3.C00Na  = (CBHsC0)(CH3C0)0  h NaCl. 

Benzoic  peroxide,  (CBH5C0)202,  is  obtained  by  acting  on  benzoyl  chloride  with 
barium  dioxide  ; 2CBH5C0Cl  + Ba02=(CBH5C0)202  + BaCl2.  It  may  be  crystallised 
from  ether.  Like  hydric  peroxide,  it  is  decomposed  explosively  when  moderately 
heated.  Alkalies  resolve  it  into  benzoic  acid  and  oxygen. 

376.  Toluic  acid,  or  methyl-benzoic  acid,  CBH4.CH3.C02H,  is  obtained  by  oxidising 
xylene,  CBH4(CH3)2,  with  dilute  nitric  acid.  It  crystallises  in  needles  fusing  at 
1020  C.,  and  is  sparingly  soluble  in  water. 

Mesitylenic  acid,  C8Ha.C02H,  is  prepared  by  oxidising  mesitylene,  CBH3(CH3)3, 
with  dilute  nitric  acid.  It  is  a crystalline  volatile  acid,  fusing  at  1660  G.,  soluble 
in  boiling  water  and  in  alcohol.  Mesitylene  is  a product  of  the  dehydrating  action 
of  sulphuric  acid  on  acetone  ; 3(CH3.CO.CHa)  = C8H:j(CH3)3  + 3H.X). 

Cuminic  or  propylienzoic  acid,  CBH4(C3H7).C02H,  is  prepared  "from  the  aldehyd 
■existing  in  Roman  cummin  oil,  by  boiling  it  with  alcoholic  solution  of  potash, 
which  converts  it  into  cuminic  alcohol  and  potassium  cuminate — 

2CbH4(C3H7)COH  + KOH  = C7Hb(C3H7)OH  + CBH4(C3H7)C02K. 

On  adding  an  acid  to  the  aqueous  solution  of  potassium  cuminate,  the  cuminic 
acid  is  precipitated,  and  may  be  crystallised  from  alcohol;  it  fuses  at  1140  C., 
and  may  be  sublimed. 

Durylic  or  trimethyl-benzoic  acid,  CBH2(CH3)3.C02H,  metameric  with  cuminic 
acid,  is  formed  when  durene,  CBH„(CH3)4,  is  oxidised  with  dilute  nitric  acid  ; it 
fuses  at  149°  C. 

Homocuminic  acid,  the  next  homologue,  CBH4.CH„(C3H7)CO.,H,  is  of  no  practical 
importance. 

377-  General  remarks  on  the  benzo:c  or  aromatic  series  of  acids. — These  acids 
are  crystalline,  volatile,  sparingly  soluble  in  water,  but  soluble  in  alcohol  and 
ether.  When  distilled  with  excess  of  lime,  they  yield  hydrocarbons  of  the  ben- 
zene series,  C02  being  abstracted. 

378.  Cinnamic  or  phenyl-acrylic  acid,  C2H2.C8H5.C02H,  is  prepared  by  boiling 
storax  with  soda,  and  decomposing  the  solution  of  sodium  cinnamate  with  HC1, 
which  precipitates  the  cinnamic  acid  in  feathery  crystals  like  benzoic  acid,  fusing 
I33°  boiling  at  290°,  and  subliming  undecomposed.  It  is  soluble  in  boiling 
water  and  in  alcohol. 

Its  connexion  with  acrylic  acid  is  shown  by  fusing  it  with  potash,  which  yields 
acetate  and  benzoate  of  potassium,  whilst  acrylic  acid  yields  acetate  and  form- 
ate ; C2H2.CbH5.C02H  + 2KOH  = CH3.C02K  + CBH5.  C02K  + H2. 

Oxidising  agents  convert  cinnamic  acid  into  benzoic  aldehyd  (bitter-almond 
■oil)  ; C2H2.CbII5.C02H  + 04  = CbH5.C0H  + 2C02  + H20.  When  distilled  with  excess 
•of  lime,  it  yields  cinnamene  or  phenyl-ethylene — 

C2H2.CbH5.C02H  + CaO  = C2H3.CBH5  + CaC03. 

Nascent  hydrogen  converts  it  into  phenyl-propylic  acid — 

C2H.,CbH5.C02H  + H2  = C,H4.CbH5.C02H. 

Cinnamic  acid  may  be  obtained  synthetically  by  the  action  of  sodium  acetate 
•on  bitter-almond  oil,  in  presence  of  acetic  anhydride,  which  probably  acts  as  a 
•dehydrating  agent ; CH3C92Na  + CBH5COH  = C2H2.CBH5.C02Na  + H.,0. 

Atropic  acid,  isomeric  with  cinnamic,  is  produced  when  atropine,  the  alkaloid 
•of  deadly  nightshade,  is  boiled  with  baryta  or  with  HC1.  It  is  crvstalline,  and 
fuses  at  1060  C. 

The  other  members  of  the  cinnamic  series  are  of  no  practical  importance, 
■they  may  be  prepared  from  benzoic  aldehyd  or  cuminic  aldehyd,  as  cinnamic 
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acid  is,  by  treatment  with  the  anhydrides  and  sodium  salts  of  members  of  the 

acetic  series.  „ _ , 

370  Glycolic  or  hydroxyacetic  acid , CH2.HO.CO,H,  is  prepared  iy 
the  careful  oxidation  of  alcohol  by  nitric  acid.  Into  a nano, ^ glass 
cylinder  (2  inches  in  diameter)  pour  118  cubic  centimetres _ of  80  per 
cent,  alcohol;  insert  a funnel  tube  drawn  out  to  a fine  opern^,  to  the 
bottom  of  the  vessel,  and  pour  m 50  c c of  water  so  as  to  form  a layer 
below  the  alcohol;  then  pour  in  carefully  through  the  funnel  126  c c 
of  nitric  acid,  of  sp.  gr.  1.35,  to  form  a layer  below  the  water  Place 
the  vessel  aside,  without  shaking,  for  about  five  days  at  about  20  C 
when  the  three  layers  will  have  mixed.  Evaporate  the  liquid  u ntl 
water-bath,  in  separate  portions  of  about  20  c.c.,  to  a syrup,  dilute  it 
with  10  volumes  of  water,  boil,  and  neutralise  with  powdered  cha^. 

To  the  crystalline  paste  which  forms  on  cooling  add  an  equal  bu 
alcohol,  and  filter.  The  precipitate  is  bofied  with  water  and  filteied, 
while  boiling,  from  undissolved  calcium  oxalate.  On  cooling,  P _ 

sits  calcium  glyoxalate,  whilst  calcium  glycolate  ^ S^d  ^ 

this  is  boiled  with  a little  lime  to  decompose 

filtered  solution  evaporated  and  treated  with  enough  oxalic  acid  to  pie 
cipitate  the  calcium  as  oxalate,  leaving  glycolic  acld  “ ^^aracter 
The  action  of  nitric  acid  upon  alcohol  is  of  a re  f y 

Xttctol  SSi  of  oxidising  agnts  d 

it 

operation,  acetic aldehyd,  CH3.CHO  , acetic  acic.’  ' 3 ^tt  tjq  qq  OH- 

CHO.CHO;  glyoxylic  acid,  CHO.CO.OH;  glycolic  acid,  CH2.HO.GU.Ul±, 

anGlyXc^c  add  has'bSn  ^btSnecl  by  allowing  the^g 
ace* to .grow 

at7c  atlSt:  Veny  soluble  in  watery  « 

and  formic  acid ; GH2.HO.GO,H  H /ttPHOI  and  most  of  the 

hvd  is  converted  into  formic  paraldehyd  (HCHO)*  and  mos 

formic  acid  is  decomposed  into  IT,  am  * . • ldg  cliloracetic  acid; 

0 SayclbyeHO 

vertS  glycolic  by  boiling  with  KHO,  which  replaces  the  Cl  by  HO. 
Hydriodic  acid  reduces  glycolic  to  acetic  acid- 

PTT  HOCOH  + 2ffl  = CH3.CO.,H  + H.,0  + lr  . 

The  glycolates  of  calcium,  copper,  and  silver  are  sparing  y so  11 
cold  water,  but  dissolve  in  boiling  water  of  the 

Glycolic  acid  occurs  - f-P-glucose  by oxidising  it  with 

7uv£“^e  pttce  of  calcium  carbonate  to  keep  the  solution 
, 1 i„_  t|ip  cdvcolic  acid  becomes  oxalic  acid. 

acid,  C,H,O.CO,H,  mhydroxypropylic  mcd- 
C2H4.  • - * 
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is  pi'eparecl  by  fermenting  glucose  with  putrid  cheese,  in  presence  of 
chalk,  as  described  at  p.  513,  and  decomposing  the  calcium  lactate  with 
dilute  sulphuric  acid,  not  in  excess.  The  solution  of  lactic  acid  is 
filtered  from  the  CaSO,,  and  purified  by  neutralising  with  zinc  car- 
bonate, recrystallising  the  zinc  lactate,  and  precipitating  the  zinc  by 
H,S,  when  lactic  acid  is  obtained  in  solution.  When  this  is  evaporated, 
it  leaves  a syrupy  liquid  containing  lactic  acid,  water,  and  lactic  anhy- 
dride, (CrII.0,),0.  On  attempting  to  expel  all  the  water,  a crystalline 
body,  lactide,  is  produced ; 2(C2H50.C02H)  = CcH804  + 2H,0.  Perfectly 
pure  lactic  acid  has  not  been  obtained. 

The  acid  prepared  in  this  way  is  known  as  ordinary  or  fermentation 
lactic  acid ; it  is  found  in  sour  milk,  being  produced  by  the  fermenta- 
tion of  the  milk-sugar,  and  in  small  quantity  in  the  gastric  juice,  and 
in  opium. 

Lactic  acid  is  a strongly  acid  liquid  which  does  not  distil  without 
decomposition,  when  one  part  is  converted  into  lactide  and  another  into 
aldehyd,  CO  and  H,0 ; C2H.O.CO,H  = CH3.CHO  + CO  + H„0.  If  the 
pressure  be  diminished,  much  of  the  acid  may  be  distilled. 

When  lactic  acid  is  heated  to  130°  C.  with  dilute  sulphuric  acid,  in  a 
sealed  tube,  it  yields  aldehyd  and  formic  acid — 

C2H.0.C02H  = CHs.COH  + H.CO..H. 

With  strong  sulphuric  acid,  the  formic  acid  is  converted  into  water 
and  CO.  Nitric  acid  oxidises  lactic  acid  to  oxalic  acid.  Chromic  acid 
converts  it  into  acetic  acid,  CO.,  and  H„0 — 

C2H.O.CO.,H  + 02  = CH3.C02H  + C02  + H„0. 

Since  lactic  acid  is  hydroxypropylic,  it  may  be  reduced  to  propylic  acid 
by  strong  hydriodic  acid — 

C2H4.H0.C02H  + 2HI  = C.,H5.C02H  + H20  + I., 

Conversely,  propylic  acid  may  be  converted  into  lactic  by  the  following 
steps : — 

(1)  C2H5.C02H  + Br„  - C.,H4.Br.CO.,H  + HBr ; 

(2)  C2H4Br.CO,H  + KHO  = C.,H4.H0.C0.,H  + KBr. 

Lactic  acid  is  producible  from  aldehyd  by  heating  it  with  a strong 
solution  of  hydrocyanic  acid,  treating  the  product  with  strong  HC1,  and 
afterwards  boiling  with  water;  CH3.CHO  + CHN  + HC1  .+  2H20  = 
CH3.CH20.C02H  + NH4C1 ; the  intermediate  stages  are  omitted. 

_ The  lactates  are  mostly  soluble;  the  most  important  of  them  is  the 
zinc  lactate,  (C2H.0.C02)2Zn.3H,0,  which  is  sparingly  soluble  in  water, 
and  is  precipitated  in  prismatic  crystals  when  zinc  sulphate  is  added  to 
lactic  acid  neutralised  by  ammonia. 

Po.ralcictic  or  sarcolactic  acid  is  isomeric  with  lactic  acid,  and  is  found  in  the 
juice  of  flesh,  in  bile,  and  in  urine  of  persons  poisoned  by  phosphorus.  It  differs 
trom  lactic  acid  in  its  optical  property  of  rotating  the  plane  of  polarisation  to  the 
right,  whereas  lactic  acid  is  optically  inactive.  But  if  the  sarcolactic  acid  be 
kept  iu  a desiccator  for  some  time,  it  becomes  converted  into  anhydrides  (corre- 
t0  ^ac^de),  the  solution  of  which  produces  a strong  rotation  to  the  left. 
\\  hen  sarcolactic  acid  is  heated  to  obtain  the  anhydrides,  they  yield  inactive 
lactic  acid  when  dissolved.  The  zinc  sarcolactatc  contains  only  2H..0,  and  is  about 
three  times  as  soluble  in  water  as  the  lactate. 

Lthylene  lactic  acid,  also  found  in  juice  of  flesh,  forms  an  amorphous  zinc  salt, 
and  yields  oxalic  and  carbonic  acids,  instead  of  acetic,  when  oxidised  by  chromic 

. 38i.  Butylactic  add,  or  hydroxylutyric  acid,  C3H6.H0.C02H,  is  formed  by  heat- 
ing butyric  acid  with  bromine,  and  decomposing  the  bromobutyric  acid  then 
produced  with  moist  silver  oxide;  (1)  C3H,.C02H  + Br2=C3HuBr.C02H  + HBr ; 
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(a)  2(C3H6Br.C02H)  + H20  + Ag20  = aAgBr  It  is  a liquid,  boil- 

ing  at  217°  C.,  but  not  distilling  wit  cm (,  jpoux)  ,H,  is’ obtained  in  a similar  way 
Valerolactic  or  hydroxyvaleric  acid,  .1  d I . | a’t  gQo  c and  subliming  below 

tedLaotdes  in  wateTaShol,  and  ether,  and  is  oaidised  by  CrO,  to 

nitrous  acid  on  leucine,  or  amdo-,*ocaprowac«  ^o^0^osltion  ^ many 
substance  found  in  bullocks  lungs,  am  H O + N +CH  (HO).CO.,H.  Leucic 
animal  products  ; _ G5H10(NH2).CO2H  + HNO  = H20 + N + lts 

acid  crystallises  in  needles  winch  fuse  at  73  u.  ana 

salts  are  sparingly  soluble.  , . . th  ids.  of  the  lactic  series  may  be  obtained 

382.  It  will  have  been  noticed  that  the  aciaff  hloro_  or  bromo-substitu- 

from  those  of  the  acetic  series  by  convei  » c/  B py  jjq,  by  treatment  with 

tion  products,  and  afterwards group  iA  these  acids  causes 
potash  or  moist  silver  oxide.  The  p wep  as  aci(]s,  the  H of  the  HO 

them  to  behave  in  some  respects  as  a Vlcohol  radicals  as  well  as  the  H 

group  admitting  of  replacement  by  me  a ® referred  to  as  alcohol  acids 

of  the  C02H  group,  Hence  they  aSd  be  neutralised  with  soda  or 

— this  - 

decomposed,  sodium  lactate  and  3 1 • _ 0 q it  hq  CO  H is  prepared 

383.  Salicylic  or  lyir^jbe^ product  in 

”t?^y^0^bmlTLP^ri)l  with  half  its  weight  of  NaHO,  is 
■carbonic  acid  gas.  lhe  pneno  , , , i ness  rp]ie  sodium 

dissolved  in  a little  water  ^ is  heated  to 

phenol  is  powdered,  placed  in  ‘ hours.  The  temperature 

“.  * "T  wheny  plmnddistHs  over,  and  continues  to  do 

has  risenW 

aqcTw?ich  mTbe  ’"*«■ 

^'  hssofeng  phenoMn  sol,  sodium-phenol  is  produced- 
CH.OH  + NaOH  = CuH5.ONa  + HOH 
1 s / 1 it  vields  phenol  and  sodio-salicylate  0 

When  this  is  heated  in  C , t j l nH4.Na0.C02Na ; this  last,  de- 
sodium; 2C6HpNa+C02-OG±i5u±i  +o6xi4 

composed  by  HC1,  yields  sahcyhc  acid- 

C6HNa0.C02Na  + 

Salicylic  acid  was  formei  y g ^ or/er\  which  is  the  methyl 

a 7NoJ’th  "o^CH  Its  original  source  was  salicin,  a glu- 
sahcylate,  CGH4.HO.OU2.y  3.  g the  salicylate  when 

coside  extracted found  in  the  leaves,  stems, 

fused  wi  1 po  a • ^ yiolacece,  and  in  the  garden  pansy. 

and  rhizomes  ol  some  or  t four-sided  prisms  which  fuse  at 

Property  temperature  of  sco- 
red0 C., and  sublime  if  freMty  heat led,  but  a l c h.OH. 

decomposes  it  into  phenol  and  C0,,CSH^  Wang>  nnd  is 

It  dissolves  sparingly  in  c0  solntion  gives  an  intense  violet  colour 
soluble  in  alcohol  and  ether. properties,  „nd  is  used  for 
with  ferric  chloride.  1 1 ff  , b , „ free  from  taste  and  smell, 
the  preservation  of  artacta  of  f^  j ;,stalUsable ; barium  salicylate, 

The  salicylates  of  K ““  ± t m j ,m(i  wben  boiled  with  baryta- 
SiySids^^gly  soluble  salt,  C6H,Ba0C01.2Aq,  in  which  the 


TANNIC  ACID. 


525 


diacl  Ba  replaces  the  H of  the  hydroxyl  as  well  as  that  of  the  carboxyl, 
showing  that  salicylic  acid  is  an  alcohol-acid  like  the  members  of  the 
lactic  series. 

Anisic  acid,  or  methyl-(para)oxybenzoic  acid,  C(.H, . CHsO . C 0,_,H , is  metameric  with 
the  oil  of  winter-green,  and  is  formed  by  the  oxidation  of  its  aldehyd,  which 
occurs  in  oil  of  anise  (p.  505).  It  may  be  formed  artificially  from  salicylic  acid  by 
heating  its  potassium  salt  to  220°,  when  it  yields  dibasic  potassium  paraoxy- 
benzoate,  which  is  converted  into  potassium  anisate  when  treated  successively 
with  methyl  iodide  and  caustic  potash;  2 ( C ( . H, .H 0 . C 0 „ K ) (potassium  salicylate)  — 
CeHs.OH  (phenol)  + CO.,  + C6H4.K0.C02K  (dibasic potassium  para-oxybenzoate) ; 

C6H4.K0.C02K  +_2CH3I  = C8H4.0H8.0.C02.CH3  (methyl  anisate)  + 2KI ; 

CBH4.CH30.C02.CH3  + KOH  = C8H4.CH3O.CO,_,K  (potassium  anisate)  + CH3.OH. 
Hydrochloric  acid  precipitates  the  anisic  acid,  which  may  be  dissolved  in  alcohol 
and  crystallised.  It  forms  prisms  fusing  at  1750  C.  and  subliming  undecomposed. 

384.  Protocatechuic  or  dihydroxybenzoic  acid,  CBH3 ( H 0 )2 . C 02H,  is  prepared  by 
the  action  of  fused  caustic  soda  on  ldno,  a gum-resin  exuding  from  certain 
Indian  and  African  leguminous  plants,  and  employed  in  medicine  as  an  astrin- 
gent. One  part  of  powdered  kino  is  added  to  three  parts  of  fused  caustic  soda, 
and  the  heat  continued  till  the  mass  has  a pale  orange-brown  colour.  It  is  then 
cooled,  dissolved  in  twenty  parts  of  water,  the  solution  acidulated  with  H2S04, 
allowed  to  stand,  and  filtered.  The  filtered  liquid  is  shaken  with  ether,"  the 
ethereal  layer  drawn  off  and  distilled,  when  the  protocatechuic  acid  is  left  in  the 
retort.  It  crystallises  in  plates  or  needles  containing  H./J,  which  fuse  at  1990  C., 
and  are  soluble  in  water,  alcohol,  and  ether.  Ferric  chloride  gives  a green  colour 
with  the  acid,  which  is  changed  to  blue  and  red  by  alkalies.  When  heated,  it  is 
decomposed,  yielding  pyrocatechin  ;■  CBHs(H0)2.C02H==C0.  > + C6H4(HO)2. 

Protocatechuic  acid  is  a very  common  product  of  the  action  of  fused  potash  or 
soda  on  the  large  class  of  bodies  known  as  gum-resins,  and  acquired  its  name  from 
its  production  in  this  way  from  catechu  ( Cutch  or  Terra  japonica),  a substance  much 
used  in  dyeing  black,  extracted  by  boiling  water  from  the  inner  bark  wood  of  the 
Mimosa  catechu  of  the  East  Indies. 

It  will  be  found  that  the  formation  of  this  acid  during  the  potash-fusion  of  an 
organic  substance  often  throws  light  upon  its  constitution. 

Phloretic  acid,  C(, II3 . C H3 . 0 0 Ha . C 0., II , or  C9H]0O3,  homologous  with  salicylic  acid, 
C7H(i03,  and  anisic  acid,  CsHs03,  is  formed  by  the  action  of  potash  on  phloretin,  a 
product  of  the  hydrolysis  of  the  glucoside  phlorizin,  obtained  from  fruit  trees — 
C15H14Os  + KHO  = CsH9O.CO.,K  + CBH3(OH)3 

Phloretin.  Potassium  phlorefate.  Phloroglucot. 

Phloretic  acid  crystallises  in  prisms  which  are  soluble  in  hot  water,  alcohol,  and 
ether.  Ferric  chloride  colours  its  solution  green.  When  distilled  with  lime,  it 
yields  phlorol,  CBH4.CH2(CH3).  OH. 

Vanillic  or  methyl-protocatechuic  acid,  C„H3  HO.CH3O.CO.,H,  is  produced  when 
vanillic  aldehyd  (vanillin)  is  exposed  to  moist  air.  It  may  also  be  made  by 
oxidising  the  glucoside  coniferin  with  potassium  permanganate.  It  crystallises 
in  plates,  fusing  at  21 1°  C.  and  subliming  unchanged.  When  heated  in  a sealed 
tube  with  dilute  HC1  to  160°  C. , it  yields  protocatechuic  acid  and  methyl  chloride  ; 
C,.H3.HO.CH3O.CO.H  + HC1  = C6H3(H0)2.C02H  + CH3C1.  Vanillic  acid  is  metameric 
with  anisic  acid. 

385.  Tannic  acid,  or  tannin,  CI3H907.C0,H,  is  extracted  by  water 
from  gall-nuts,  ether  being  used  at  the  same  time  to  dissolve  the 
colouring  matter  and  gallic  acid.  240  grammes  of  powdered  gall-nuts 
are  digested  for  some  hours,  with  frequent  shaking,  with  1800  cubic  centi- 
metres of  ether  and  1 50  of  water.  The  mixture  is  poured  into  a funnel 
loosely  plugged  with  cotton,  and  the  filtered  liquid  allowed  to  stand, 
when  it  separates  into  two  layers,  the  upper  one  being  the  ethereal 
solution  of  colouring  matter,  &c.,  and  the  lower  an  aqueous  solution  of 
tannic  acid,  which  is  evaporated  to  dryness  at  a low  temperature. 

Tannic  acid  does  not  crystallise,  but  is  left,  on  evapoiation,  in 
brownish-white  shining  scales,  which  are  very  easily  soluble  in  water, 
but  sparingly  in  alcohol  and  in  anhydrous  ether.  Its  solution  is 
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Snt’  hso4  3h of 

f./L  l v t«nnic  acid  Common  salt  causes  the  separation  of  tannic 
* ' t solution  Lead  acetate  precipitates  it  as  basic  tannate 

wUch  is  insoluble  in  acetic  add.  Copper  sulphate  also  precipitates  it 
knmediately  Alum  and  potash  added  to  tannic  acid  give  a precipitate 
insoluble  in  cold  potash.  Potash  or  ammonia  added  to  a solution  of 
tannic  acid* renders  it  brown,  especially  if  shaken  with  air,  absorption  of 
tabina  nlace.  Tannic  acid  acts  as  a reducing  agent  upon 
Sue  cupric  solutions,  producing  cuprous  oxide  It* ^decompose 

hv  distillation,  one  of  the  products  being  pyrogiMol,  C.H^OH), 
yilco  die  solutions  of  tannic  acid  and  potash  yield  a precipitate  of 
Aiconoi  o ro  xr  an(i  if  this  be  dissolved  m water,  and 

ih.  pi  a rifled  barium  tannate,  (0,  H 0?.C02)2J3a,  is  1 P • 

Taimic  acid  may  be  extracted  from  sumach,  the  ground  shoots  of  the 
lanmc  acici  j f , na  shew  order.  It  is  also  contained 

Rhus  coriaria,  a tropical  plant  of  the  Gasnew  oruei. 

“ monerties  above  described  are  those  of  gallo-tannio  or  guerci- 
The  properties  a yield  substances  resembling  this  in 

tannic  acid.  _ Man7  otlie  A black  precipitates  with  ferric  salts,  and  m 
astnngency,  in  giving  neaily  black  . p P differing  slightly  in 

forming  insoluble  impounds  with  g^tm^but  ch^  ^ 

some  of  their  propertie  . (catre0-tannic),  from  catechu,  and  from 

bark  (qumo-tannic) , from  JvA  wood  from  a tree  of  the  mulberry 

orte  These  give  dark  green  prgipitates  whh  ferric 

SSAifie  teeing  of  skins,  in  dyeing,  and  in  the  manufacture 
of  ink.  Some  of  them  are  valuable  me^cinps.  jg  prepared  by 

Gallic  or  triliydroxy benzoic  acid,  C6H,(  ^ & ^arm  plaCe, 

^XTtC^may' ISgoferment^ion,  and  extracting  the  gallic  acid 
so  that  they  may  unuoig  P1.vsHllises  in  fine  needles  con- 

by  boiling  decomposition  of  the 

Sdfotthe  gfus-  Gallic  acid  may  also  be  prepared  by  borhng 

tannic  acid  wrth  .cSh  Tlip  = fOA(HOtflO.H.  _ 

Gallic  acid  differs  greatly  3 “^S^Tlteg  waterand 

from  an  aqueous  solut  ^ ether3  (iissolve  it  more  easily  than 

in  100  0f-Ak  TUoses  its  water  at  100°  C.  and  fuses  at  200  . A tem- 
tannic  acid.  It  loses  yielding  a crystalline  sublimate  of 

perature  of  “A  £ +00l.  Solution  of  gallic 

pyrogallol ; CGH?(H  ),■  « jpCl  or  by  gelatin.  Lead  acetate 

acid  is  not  prec.p^e  ^ ^ Alum  and 

precipitates  it,  but  the  bk  in  tash.  Ferric  salts  give  a 

potash  give  a precipitate  eas  y alkaliea  „ive  a brown-red  colour, 
bluish-black  precipitate,  a comp0und  called  tanno-melanic  acid , 

especially  on  exposure  t o ; , a 1 ,,  - 


c6h403, 

acid  on  g 


y on  exposure  to  air,  a ^ med  by  the  action  of  nitrous 
rallic^acid.^U  Gallic  acid  is ‘found  in  several  vegetable  products. 
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some  of  which  are  used  in  dyeing  and  tanning ; as  in  divi-clivi,  the  fruit 
of  a leguminous  plant,  Civscdjrinict  coricoria,  in  sumach,  in  mangoes,  and 
the  leaves  of  the  wild  vine,  a tropical  plant  of  the  Moon-seed  order 
(Cissampelos  pareira),  useful  in  medicine. 

The  salts  of  gallic  acid  are  not  well  known  ; potassium  gallate,  CBH.,(HO)3.CO.,K, 
may  be  obtained  artificially  by  heating  di-iodosalicylic  acid  with  solution  "of 
potassium  carbonate  to  140°  C.  in  a sealed  tube — 

C6H2I2(H0).C02H  + K.,C03  + H20  = C8H2(H0)3.C02H  + 2KI  + CO... 

When  gallic  acid  is  heated  with  4 parts  of  strong  H2S04  to  75°  C.,  it  gives  a 
dark  red  solution,  and  if  this  be  cooled  and  poured  into  water,  a red  precipitate  is 
obtained  which  has  the  composition  C14H80s.2Aq,  or  twice  gallic  acid,  minus  2H..0. 
This  was  formerly  termed  rufigaUic  acid,  but  is  really  hexa-hydroxyantliraquinone, 
C14H2(H0)B02,  for  zinc-dust  reduces  it  to  anthracene,  CJ4H10. 

When  gallic  acid  is  heated  with  PC130  to  120°  C.  for  some  hours,  it  loses  H.,0 
and  becomes  digallic  acid;  2C6H2(OH)3CO„H  = (CBH2(0H)3C0)20  + H„0.  This  body, 
which  should  rather  be  termed  gallic  anhydride,  very  nearly  resembles  tannic  acid’ 
and  is  believed  by  some  to  be  identical  with  it,  being  an  amorphous  substance^ 
soluble  in  water,  strongly  astringent,  and  giving  a dark  blue  precipitate  with 
ferric  salts.  It  is  converted  into  gallic  acid  by  boiling  with  HC1.  Gallic  acid  is 
also  converted  into  digallic  by  boiling  its  alcoholic  solution  with  arsenic  acid. 

Ellagic  acid,  C13H908.C02H,  is  obtained  by  oxidising  gallic  or  tannic  acid  with 
arsenic  anhydride  ; it  is  a yellowish  crystalline  powder  sparingly  soluble  in  water 
and  alcohol.  It  is  found  in  bezoar-stones,  the  calculi  sometimes  formed  in  the 
intestines  of  wild  goats  in  Persia. 

Caffeic  acid,  CsH702.C02H,  is  obtained  by  boiling  with  caustic  potash  the  resi- 
due left  on  evaporating  the  aqueous  decoction  of  coffee,  and  precipitating  the 
solution  by  HC1.  It  crystallises  out  in  plates  on  cooling,  and  is  soluble  in  alcohol. 
It  yields  pyrocatechin  when  heated,  and  is  converted  into  acetate  and  protocate- 
chuate  when  fused  with  potash — 

C8H702.C02H  + 2KH0  = CH3.CO,K  -)-  CeH3(0H)2.C0.,K  + h2. 

Quimc  or  Jcinic  acid,  CGH7(0H)4.C02H,  is  found  in  cinchona  bark,  in  coffee  and 
some  other  plants.  It  is  crystalline  and  soluble.  Like  caffeic  acid,  it  gives  pyro- 
catechin when  distilled,  and  protocatechuic  acid  when  fused  with  potash  When 
heated  with  manganese  dioxide  and  sulphuric  acid,  it  is  oxidised  to  quinone 
which  sublimes  in  yellow  needles — 1 ’ 

C6H7(0H)4.C02H  + 02  = CGH402  ( quinone ) + CO.,  + 4II..O. 

386.  Saccharic  acid,  C,Hs04(C0„H).,,  is  obtained  by  oxidising  sugar  or  starch  with 
nitric  acid,  stopping  short  of  the  formation  of  oxalic  acid.  Sugar  is  heated  with 
3 parts  of  nitric  acid  of  sp.  gr.  1.3,  till  violent  action  begins.  When  no  more  red 
fumes  aie  evolved,  it  is  kept  at  50  C.  for  some  hours,  diluted  with  two  or  three 
volumes  of  water,  neutralised  with  K,,C03,  and  acidified  strongly  with  acetic  acid. 
On  standing,  hydropotassium  saccharate,  C4H804(C02)2HK,  crystallises  out.  This  is 
dissolved  in  a little  potash,  and  precipitated  by’  cadmium  chloride.  The  pre- 
cipitate of  cadmium  saccharate  is  suspended  in  water  and  decomposed  by  IRS, 
CdS  filtered  off,  and  the  solution  of  saccharic  acid  evaporated.  Saccharic 
acid  forms  a deliquescent  amorphous  mass,  soluble  in  alcohol  and  in  water  Its 
salts  are  somewhat  similar  to  those  of  tartaric  acid,  C.,H402(C0.,H).,,  the  acid 
salts  of  potassium  and  ammonium  being  sparingly  soluble.  Calcium' saccharate 

•l8  '‘  ^Os^a.Aq,  is  crystalline,  nearly  insoluble  in  water,  but  soluble  in  acetic 


Mucic  acid,  C,Hs04(C02H)2,  isomeric  with  saccharic,  is  prepared  by  oxidising; 
gum  arable  or  milk  sugar  with  nitric  acid.  Milk  sugar  is  heated  with  3 parts  of 
nitric  acid  of  sp.  gr.  1.3  until  red  fumes  are  abundant ; the  heat  is  then  removed 
when  the  acid  separates  as  a granular  powder  sparingly  soluble  in  water  and 
alcohol.  The  mucates  differ  greatly  from  the  saccharates,  most  of  them  hems' 
insoluble ; the  acid  potassium  salt  is  more  soluble  than  the  normal  salt.  By 
boilmg  mucic  acid  with  water  for  some  time,  it  is  converted  into  parcunucic  acid 
which  is  isomeric  with  it,  but  more  soluble  in  alcohol.  Hydriodic  acid  reduces 
saccharic  and  mucic  acids  to  adipic  acid — 

C4H804(C02H)2  + 8111  = C4Hs(C02H)2  + 4IRO  + 4R. 

Pyromucic  acid,  C,H30.C02H,  is  a product  of  the  distillation  of  mucic  acid  and 
may  also  be  obtained  by  boiling  furfurol  (pyromucic  aldehyd,  page  506)  with  silver 


OXALIC  ACID. 


528 


^^-preparation  oj  oxalic  acid  from  sugar.- 50  grins.  of  sugar  are  gently 
WateTin  a flai  with  250  c.c.  of  ordinary  concentrated  nitric  acid 

sn  gr  1 4 When  the  action  commences,  remove  the  heat,  when 

offlcfation  will  continue  violently.  On  cooling,  part  of  the  oxalic  acid 
,viH  crystallise  out,  and  more  will  he  obtained  by  concentrating  the 
mother-liquor.  Drain  the  crystals  on  a funnel,  and  dissolve  them  in  as 
little  boiling  water  as  possible,  so  as  to  purify  the  acid  by  recrystalksa- 
tion.  It  may  he  allowed  to  dry  by  exposure  to  air.  _ , , • 

Preparation  of  oxalic  acid  from  sawdust.- Common  pm  sawdust  is 
made  into  a thick  paste  with  a solution  containing  ™ + of 

sn  gr  1 3S-  This  is  spread  on  iron  plates,  dried  up,  and  heated  . 
sWt  of  carbonisation.  The  cellulose,  C6H10O5,  is  thus  oxidised,  with 
evolution  of  hydrogen,  and  converted  into  oxalic  acid,  which  remains 
^the  mass  as  oxalates  of  potassium  and  sodium  These  are  dissolved 
1 1-vrvil pfl  with  lime  which  produces  the  insoluble  calcium 

Vcaustic  alkalies,  which  maybe 

n^ecT  again  The  calcium  oxalate  is  decomposed  by  dilute  sulphuric 
ackl,  the  solution  of  oxalic  acid  filtered  from  the  calcium  sulphate  and 

C1TStrSlvdspeaking,  in  carrying  out  this  process,  the  fused  mass  is 

i wc  The  liouor  which  contains  but  little  oxalate,  is  boilee  } 

a k idue  heated  and  the  alkaline  carbonate  caustified  by  lime. 
n£“™tLg  S caustic  soda  alone  would  produce  very  httle 

oxalate  When  potash  is  cheap,  it  may  be  used  alone. 

Oxalic  acid  occurs  in  sorrel,  rhubarb,  and  many  other  plants.  Potas- 
A is  formed  when  potassium  formate  is  gently  heated  , 
S1mC0  ok)  = H + (C0,K)o.  Sodium  oxalate  is  produced  when  sodium, 
Sd  wSh  Ld  L moderate  the  action,  in  heated  to  360  0.  nr  dry 

G%o^tL2of0^ °cSa-It  forms  nronoclinie  prismscontaming^Aq, 

which  are  soluble  chlorides.  In 

very  strong  acid,  a When  gentlv  heated,  the  crystals  effloresce 

iarge  ?°Tn f wa tei  and  begin  to  vaporise  slowly  at  100”  0.  Heated  to 
from  loss  of  water,  ancL  a L,  decQm  d hlto  formic  acid  and 

i65°’  H CO  H + CO,,  "a  weak  solution  of  oxalic  acid  is 

?°2 ; ((;iJ  hr  boilin-  When  heated  with  strong  sulphuric  acid 
decomposed  by  boih^  ^ c0  Wng  on  applpng  a fiame  I 

(CO  PI)2  -diid  in  twelve  parts  of  warm  oil  of  vitriol,  and  se 
oxalic  acid  be  dissoncu  iu  f K,  H ) rn  deposited.  Oxalic  acid 

aside,  large  -Teaching,  in  cleaning 

fn-mou„, 

i - Ofcorrd,  is 
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(CO,),KH.  It  is  also  called  essential  salt  of  lemons,  though  lemons 
contain  no  oxalic  acid. 

Hydropotassic  oxalate  requires  40  parts  of  cold  water  to  dissolve  it, 
and  has  occasionally  caused  accidents  by  being  mistaken  for  cream  of 
tartar,  hydropotassic  tartrate,  from  which  it  is  readily  distinguished  by 
the  action  of  heat,  which  chars  the  tartrate  but  not  the  oxalate. 

Trihydropotassium  oxalate,  or  potassium  quadroxalate,  (CO,),H3K.  2 Aq, 
is  more  commonly  sold  as  salt  of  sorrel,  and  sometimes  as  salts  of  lemon! 
It  is  even  less  soluble  than  the  preceding. 

Sodium  oxalate,  (C02Na)2,  is  found  in  various  plants  which  grow  in 
salt  marshes.  It  is  less  soluble  than  potassium  oxalate.  The  alkaline 

oxalates,  when  heated,  evolve  CO  and  leave  carbonates 

(C02K)2  = CO  + CO(OK)2. 

Ammonium  oxalate,  (C02NH4)2.Aq,  occurs  in  Peruvian  guano.  It  is 
used  in  analysis  for  the  precipitation  of  calcium,  and  crystallises  in 
needles,  from  solution  of  oxalic  acid  neutralised  with  ammonia 

Calcium  oxalate,  (C02)2Ca.Aq,  is  often  found  crystallised  in  plant- 
cells.  borne  lichens  growing  on  limestone  contain  half  their  weight  of 
calcium  oxalate.  It  is  occasionally  found  in  urine  and  in  calculi. 
Calcium  chloride  is  the  best  test  for  oxalic  acid,  giving  a white  precipi- 
tate insoluble  in  acetic  acid.  When  heated,  (CO„),Ca  = CO  + CaCO 
Ferrous  oxalate,  (C02)2Fe,  occurs  as  oxalite  in  brown  coal. 

Feme  oxalate,  (C02)6Pe2,  when  exposed  to  sunlight  in  presence  of 

7nn\’  *Vol7es  °°2’  and  deposits  a yellow  crystalline  precipitate  of 
- £-.2  A/p  I erne  oxalate  is  used  in  photography. 

Potassium-J 'err ous  oxalate,  (C02)4K2Fe,  prepared  by  adding  potassium 
oxalate  in  excess  to  ferrous  sulphate,  is  a very  powerful  reducing  agent, 
useful  in  photography.  & 0 ’ 

in (C0^K3Cr.3Aq,  is  obtained,  in  crystals  so 
n tensely  blue  as  to  look  black,  by  dissolving  in  hot  water  1 part  of 

potassium  dichromate,  2 parts  of  hydropotassium  oxalate,  and  2 parts 
f oxalic  acid.  Neither  the  oxalic  acid  nor  the  chromium  can  be  pre- 
cipitated from  this  salt  by  the  usual  tests.  1 

" a™llonium  chromic  oxalate,  (C02)ioK,NH  Cr,.6Aq,  is 
led  when  hydro-ammonium  oxalate  is  substituted  for  part  of  the 
oxalate1  m Preparing  the  preceding  salt,  the  formula  of 

poteiuS.aPP  y Ubled;  f0rms  blue  Prisms  like  the 

Potmuum-cakimti  chromic  ox, date,  (CO,)tKCaCr.3Aq,  is  soluble  in 
«lves  a Precipitate  of  calcium'  oxalate  on  adding  calcium 

whm1ZCWA0^T(C.0")-*Ba-0r'-8A'l> is  also  a soluble  salt,  and, 
when  decomposed  by  sidphvmc  acid,  yields  a red  solution  which  pro- 
bably contains  the  acid  (CO,)I,H,Cr,  or  H^CO^Cr.CrfCOVH,.  P 

T <C0»)«K,Sb.6Aq,  obtained  by  dissolving 
colou?st  t d Sb"0;i  ^ydropotassium  oxalate,  is  used  in  fixing  certain 

oxalate,  (C02Ag)2,  is  obtained  as  a white  precipitate  when 
leaving  metalhc  sfiter^  “ “ eXpl°deS  Sligh%  when  heat*d> 

hn^fii  a|eilts  easily  convert  oxalic  acid  into  water  and  CO  • if  a 
u ion  of  the  acid  be  poured  on  manganese  dioxide,  brisk’ effer- 
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vescence  is  caused  by  the  C02  produced.  A wit^^lute 

manganese  dioxide  be  added  to  the  mixture  of  an  oxalate  with  dilute 

^Nascent  hydrogen  reduces  oxalic  acid  to  glycolic  acid— 

(CO.,H)2  + H4  = CH30.C02H  + H20. 
oo  oxalic  acid  is  the  representative  of  the  homologous  senes 
acids  C H (CO  0H)„  known  as  the  oxalic  or  succinic  series, ^ which  are 
acid. , n 21A  . h ttx  Thev  are  all  crystalline  solids,  which 

ffesits-s  assa  a -- s 

nitric  acid. 


“‘trie  acid.  _ prepared  from  chloracetic  acid,  CH2C1.C02H, 

3S9.  Malonic  acicl , CH2(C02H.)2,  is  piep  this  with  potassium  cyanide, 

by  converting  it  into  the  potassium  salt,  £ boiled  with  pot- 

when  potassium  cyanacetate,  CH2(CN).  2 \ ±.  pH  fCN')  C0oK  + Ho0 -f  KHO  = 

ash,  which  converts  it  into  potassium ^ malonate  fiot  and  calcium 

GH2(C02K)2  + NH3.  The  excess  of  potaah  i so.  >7  • ^ with  the 

chloride  added,  which  precipitates  calci . «■  jg  ^ &g  ‘xalate)  and  the  solution 

molecular  proportion  of  oxalic  acid,  the  c afterwards 

deposits  tabular  crystals  of  malonic  aenh  K fuses ^ U It  will  be 


decomposes  into  C02  and  acetic  ^5  Eo^ic  acid,  H.CO„H. 

remembered  that  oxalic  acid  is  c ecomi  slightly  soluble  in  water ; the  silver 

Calcium  malonate,  like  the  oxalate,  is  very  slight^  som 

t£S'--s «-  v*"**  “idation  of  aEjleM'am7lene’ 

and  propylene  with  ™“feT(y  the  fermentation  of  tartaric  acid, 

be^'egarded^^hhydmxysuccinie  acid,  C,H,(HO)2(COZH),,  and  becomes 

ffnentraiised  with  ammonia 

a little  potassium  phosphate,  magnesium  s^phate,  ^^cium  ^ ^ ^ 
mineral  food  for  the  bacteria,  which  soon  q Aft  about  two  months 

?o°C.).  The  flask  should  be  loosely  closed Ltc succinate  and 
the  ammonium  tartrate  has ‘ bec°™®tt  milk  of  iime  added,  and  again  boiled 
carbonate;  it  is  boiled  to i expel  the flatter,  m^.^  .g  decomposed  by  a slight 

“ieSncy  oSSe^hnric  acid, 'the  liquid  filtered  from  the  calcium  sulphate, 

and  evaporated  to  crystallisa tioh.  require  about  20  parts  of  cold  and 

Succinic  acul  crystallises  m F™s,  wi  1 alcobol)  but  spanngly 

3 parts  of  hot  water  to  dissolve  them  it  is  also  s fuscg  at  l8o°;  at  235°  it 

in  ether.  When  heated  it  vapour  - c H ,c0)  0,  and  the .vapours 


2H20. 


into  putd^nuu  rrun  — CO(OK),  + L9n,.ow.2iv  -r 

C,H,(90,HV  + 3JH ° y “Umlwhat  shingly  soluble  in  water ; it 
Calcium  succinate,  C2u4ivu2i2'-/d  j n 
occurs  in  the  bark  of  the s mu  berry^t  ee  recipitated  when  ferric  chloride 

Basic  ferric  succinate,  Fe  cLurf  and  its  production  forms  a 

is  added  to  a succinate  it  h useful  in  quantitative  analysis  for  sepaiating 

fr/rfm  o^er  in^ls  ^ ^ contains  * 

nitric  acid,  and  the  succinic i acid  t caicium  malate  prepared  from  the 

menting,  with  yeast  or  old  cheese  tne  ^ standing  for  some  days  at  about 

^-•asss^wa-  r:' 

^ I h;  - c.h/co.A),  + h,o. 
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aRndf bSrliyvr0X'JA^KliC-  acid-<{ and  is  reduced  by  fermentation  to  succinic 
‘hvrll-  j;°th  “aIlc  and  tartaric  acid  are  reduced  to  succinic  acid  by  the  action  of 
ydriochc  acid.  Succinic  acid  has  been  obtained  synthetically  by  boiling  ethene 
J bromide  with  potassium  cyanide  dissolved  in  alcohol,  and  boiling  the  ethene 
•dicyanide  thus  obtained  with  KHO  dissolved  in  alcohol-  & 


n „ A&Br,  + 2KCN  = C2H4(CN)2  + 2KBr ; and 
Tf  -11  , + 2KH0  + 2H.0  = C2H4(CO„K)2  + 2NH, 

iimilar  rLrctTonsbeied  tbat  malonic  acid  is  obtained  from  chloracetic  acid  by 

„n^“iPiCacid  is.ahva-vs Produced  in  small  quantity  in  the  fermentation  of  sugar, 
S f !'e;  'a-r  present  in  beer,  wine,  and  vinegar.  It  is  also  produced 

occms  n nr  n 0X: ' n,/  aClds  containiug  four  or  more  carbon  atoms.  It 

occurs  in  unripe  grape8,  whilst  ripe  grapes  contain  tartaric  (dihydroxysuccinic) 

fn  certain  ho  ndDd  as1lettace-  Poppies,  and 'wormwood,  and 

rabbit  8 1 haS  also  beeu  found  111  the  ^ine  of  the  horse,  goat,  and 

from1 S ££5^5^*^  " eth“6' C0*'  “d ' be  '^cted 

Iso-succinic  acid,  which  is  isomeric  with  succinic,  is  obtained  from  cvano 

SCclcTdlp  r t0  t?at.Whicb  — ts  cyanacetfc  acidyr0 

T n 5 1P;  ^ 14  reserQbles  malonic  acid  more  than  succinic  for  it  fuses 

at  130  C.,  and  is  decomposed  at  150°  into  CO.,  and  propionic  acid- 

_ C2H4(CO,H)2  - C2Hs(C02H)  + CO.,. 

^rotarfanc  acid,  C3Hg(C02H)2,  or  methyl-succinic  acid,  CH  CII  (CO  HI  is 
(tamed  by  the  dry  distillation  of  tartaric  acid -mixed  wh.h  *1.  yJ:L 


a,".  i "izuujL-succiniC  acid , UrtH  (JH  f Cf)  Hi  k 

if  by  t:he  dry  distillation  of  tartaric  acid -mixed  with  powdered  pumice 

matter,  evaporated6 on^  wat^bath^^^^^stalhsed^f roi^ldcoh^i;er^ncem  th ^ 
products  are  formed,  the  change  cannot  be^xpressed  by  a sfngle  equation  but  if 
tai  tanc  acid  be  regarded  as  dihydroxysuccinic  acid,  C2H„(H0)fc0  H)  the’nature 
ot  the  transformation  is  evident.  It  may  a*so  be  obtained  hi  i^h  + + ^ 

acid  with  strong  HC1  in  a sealed  tube  to  r T?f  d b>  heatl”S  tartaric 

390 


C H 7co  Hf’isC^H'o(dC0^’  18  f0umed  as  a potassium  salt  when  camphoric  acid 
SKthe^  rtasb-  Ifc  formf  ^tals  soluble  in  wX  icohol; 

CsH1#(CO)a\u  oily  hqu  d boiUn^S  2^0  air7"**  •““?  f ****** 


boil^wTt^nitkc  acid ^^Us’a^rvst^fin  ^vi  paIm.'oil  or  castor-oil  or  cork  is 
.but  soluble  in  hot  water  -md  me  sparingly  soluble  in  cold  water, 

composition  d aIcoho1’  subliming  to  some  extent  without  de- 


• ob££d  b?&  d onctofe  «d  leparyylic  acid,  is  also 

It  resembles  suberic  acid  but  i ™?!  - ’ and  Chinese  wax  with  nitric  acid. 
' solves  suffocating  Ws,  hke  suSfc  ?c£  ^ ^ Whe*  beated>  & 

■ castor-oil  whh  NaHO  js  prepared  as  a sodium  salt  by  heating 

of  caLl  soda^anc?-the  soap  f ^ “T  saturated'  solutiof 

dissolved  in  water  and ^ decomposed  hv  bemS  dri.ed  and  beated,  is 

: ssgl-seba“c  “if?  grass 

4MM  it  yieli  b5c  “«•  Whm 

SrauyUc  acid,  C.HJCO.H),,  to  formed  by  the  action  (1  the  strongest  nitric 

MM2 
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gallons)  water,  and  neutralised  by  adding  <»i  °-T«0 ' 

which  converts  the  hydropotassium  tartrate  of  the  aigol  into  calc 

tartrate  and  potassium  tartrate—  w n 4.  CO 

The  no  Wum  tartrate  dissolves  and  the  calcium  tartrate  precipitates 
The  potassium  tarr  ^ Qz  dissolved  in  2 pints  of  water) 

iathen  added  "to precipitate  the  potassium  tartrate  as  calcium  tartrate  ; 

O HO  Tv  + CaCl1  = OH  O0Ca  + 2KCI.  The  calcium  tartrate  is  strained 
off  waled  and2heatedfor  half  an  hour  with  dilute  sulphuric  acid 

iema^XXlaand  J^^inay  Wys^sed  ^ ejaporaO 

SHI 

:feTZtfon  of  large  crystals1  These  often  contain  lead  derived  from 
the  evaporating  pans  crystals  are  monoclinic  prisms,  very 

mass  of 

acid,  CsHluOn,  „nd  tartaric  anhydride,  which  is 

dioxide  are  also  among  the  products  oxalate.  Boded 

Fused  KHO  converts  tart^ic  ^mtoaoeto  ^ 

■with  nitric  acid,  muc  it  ,,;el,]s  formic  acid  and  CO,, 

sulphuric  acid  and  Mn02,  01  I 2 2 r>  J heated  to  120°  C.  with 

Hydriodic  acid,  in  strong  aqueous*  solution^  heated ^ ain 

tartaric  acid,  in  a sealed  tube,  reduces  it  to  malic  acid,  w 
reduced  to  succinic  acid  . ac-u]\  + hoO  + I... 

C2H2(OH)s(CO?H)  + 2HI  ^?  H co  H)!  (SlCc»iiC  acid)  + H.,0  + L 
And  02H3.0H.(C02H)  + Vegetable  acids,  being  often 
Tartaric  acid  is  one  of  th  Hc  Licid  it  is  dibasic,  and  is  remark- 

found  in  fruits  associated  with  make  ^ wLich  is  pre- 

able  for  forming  a very  sparing  y ^ P ^ q£  tassium  is  added  to 
Sc^d^dlSed^ilh  a glass  rod,  when  the  precipitate  attaches 
itself  to  the  lines  of  friction. 


A-th  of  its  weight,  and  on  y ie ■ ‘ |t°from  the  aqueous  solution,  and 
soluble  in  alcohol,  which  P^P^A^p^ce,  2s  the  proportion  of 
this  explains  its  separation  ! o ^ dissolves  easily  m acids, 

alcohol  tartrate,  K.C.H.O,  When 

and  m alkalies,  which  c . t „av  0cl0ur,  and  leaves  a black  mass  of 

charcoal  ^nfTpi^assiuin  Carbonate  . »)• 
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Sodio-potassium  tartrate,  NaKC,  IT, 0G.  4 Aq,  Rochelle  or  Seignette’s  salt, 
is  prepared  by  neutralising  a boiling  solution  of  sodium  carbonate  with 
cream  of  tai'tar,  when  it  crystallises  on  cooling,  in  fine  rhombic  prisms. 
It  is  useful  in  medicine. 

Calcium  tartrate,  CaC4H40G.4Aq,  occurs  in  grapes  and  in  senna 
leaves.  It  is  sparingly  soluble  in  water,  and  is  precipitated  when  CaCl2 
is  added  to  an  ammoniacal  solution  of  a tartrate.  It  is  soluble  in 
potash  and  in  ammonium  chloride. 

Cupric  tartrate,  0x10,11,0,;. 3 Aq,  is  sparingly  soluble  in  water,  but 
dissolves  in  alkalies  to  a deep  blue  solution,  in  which  two  atoms  of  the 
alkali  metal  have  displaced  II.,.  Such  a solution  is  often  used  in  analysis, 
as  alkaline  cupric  solution,  or  Fehling’s  test.  Tartaric  acid  behaves  in  a 
similar  way  with  several  other  metals,  retaining  them  in  alkaline  solu- 
tions when  they  would  otherwise  be  precipitated  as  hydrates ; in  the 
cases  of  aluminium  and  iron,  this  is  turned  to  account  in  analysis. 

Silver  tartrate,  Ag2C4H40G,  is  precipitated  by  silver  nitrate  from  a 
normal  tartrate ; it  dissolves  in  ammonia,  arid  the  solution  deposits 
metallic  silver  when  heated,  the  tartaric  acid  being  oxidised  to  carbonic 
and  oxalic  acids.  This  is  taken  advantage  of  in  some  processes  for 
silvering  mirrors. 

Potassium-antimonyl-tartrate,  K.SbO.C4H4Ofi,  or  tartar-emetic,  is  pre- 
pared by  boiling  cream  of  tartar  (6  oz.)  with  water  (2  pints)  and  (5  oz.) 
antimonious  oxide — 

Sb203  + 2KHC4H408  2KSb0C4H406  + Hs0. 

From  the  filtered  solution,  on  cooling,  the  salt  crystallises  in  rhombic 
prisms,  of  the  formula  2KSbOC4H4Ofi.Aq.  It  is  soluble  in  three  parts 
of  hot  water,  and  in  fifteen  parts  of  cold  water.  The  crystals  lose  their 
■water  of  crystallisation  at  ioo3  C.,  and  when  heated  over  200°  the 
emetic  loses  the  elements  of  another  molecule  of  water,  and  becomes 
KSbC4H.,0G,  which  is  reconverted  into  emetic  by  boiling  with  water. 
When  barium  chloride  is  added  to  tartar-emetic,  a precipitate  is  formed, 
according  to  the  equation — 

2KSbOC4H4O0  + BaCl2  = Ba(Sb0C4H406)2  + 2KCI. 

By  decomposing  this  barium  salt  with  sulphuric  acid,  an  acid  solution 
is  obtained,  which  soon  deposits  antimonious  hydrate,  but  if  it  be  neu- 
tralised with  potash  before  decomposition  takes  place,  it  yields  tartar- 
emetic.  Hence  it  would  seem  that  the  emetic  is  the  potassium  salt  of 
the  acid  H(SbOC4H4O0)  or  C2H2(0H)2(C02)2Sb0.H,  which  is  derived 
from  tartaric  acid  by  replacing  one  atom  of  FI  in  the  (CO,H)2  by  the 
monad  radical  antimonyl , Sb^O".  The  emetic  acid  has  been  named 
tartryl  antimonious  acid,  so  that  tartar-emetic  would  be  potassium  tartryl 
antimonite.  Other  tartryl-antimonites  have  been  obtained.  By  dis- 
solving Sb.,03  in  tartaric  acid,  and  adding  alcohol,  a crystalline  precipitate 
of  antimonyl  tartrate,  (Sb0)2C4H40G,  is  obtained,  and  this  becomes  tartar- 
emetic  when  boiled  with  normal  potassium  tartrate — 

(Sb0)2C4H408  + K2C4H4Ob  = 2KSb0C4H40B. 

The  antimony  in  tartar -emetic  may  be  replaced  by  arsenic  and  by 
boron. 

When  excess  of  Sb,03  is  boiled  with  solution  of  tartaric  acid,  and  the 
liquid  evaporated  to  a syrup,  it  deposits  crystals  of  H.Sb0.C4H40G,  which 
is  decomposed  by  water,  and  appears  to  be  identical  with  the  tartryl- 
antimonious  acid. 
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Tartaric  acid  may  be  obtained  artificially  by  boiling  silver  dibromo- 
succinate  with  water — 

C2H„Br„(CO„Ag)2  + 2H..0  = C2H2(0H)2(C02H)2  + 2AgBr. 

395.  Racemic  acid,  isomeric  with  tartaric,  is  prepared  by  heating  tartanc  acid 
with  about  one-tenth  of  its  weight  of  water  m a sealed  tube  to  175  C.  for  about 
thirty  hours.  It  differs  from  tartaric  acid  in  the  form  of  its  crystal  (a  tnclimc 
prism),  in  containing  a molecule  of  water  of  crystallisation  m being  much  less 
soluble  in  water,  and  in  being  less  easily  fusible  (202  C.).  _ Moreover,  its  solut 
in  water  has  no  action  on  polarised  light,  whilst  tartaric  acid  is  dextrorotat.oiy. 
JJi/dropotassiuvi  racemate  is  more  soluble  than  the  tartrate.  _ . , , . 

Calcium  racemate,  0aC4H.108.4Aq,  differs  from  the  tartrate  in  ' 
acetic  acid  and  nearly  so  in  ammonium  chloride.  Precipitated  calcium  tartrate 
Tecomes  crystalline  on  standing,  and  is  then  insoluble  in  acetic  acid,  having 
probably  become  converted  into  the  racemate.  When  solution  of  calcium  tartrate 
in  ammonium  chloride  is  briskly  stirred,  a precipitate  insoluble  in  acetic  acid  is 
deposited  on  the  lines  of  friction ; this  is  probably  calcium  racemate. 

Solution  of  racemic  acid  is  precipitated  by  calcium  sulphate,  vine 

samples  of  argol,  and  its  crystals  may  be  distinguished  from  those  of  toatoe 
acid  by  the  cloudy  appearance  which  they  assume  at  ioo  C.,  due  to  the  loss  or 

rsl^riHrHmthe'c?,Soffi  ss » 

^am^coi^o^ion^hfcMs^a^^strongly^mTOrotatory^ hence  this  is  called  too- 

3S3S5SS 

■ ■ i t 4-  obtained  bv  heating  30  parts  of  tartaric  acid  and  4 pan 

wateTto  163°  C for  two  hon^in  a seated  tube.  The  mass  is  dissolved  in  water 

lint  orvstallise.  Calciuni  niGSOtaitratG,  6*3  j T?rpp 

S&2S 

tano  acids  are  known.  water  on  the  silver  dibromo-succinate, 

thou  Jh^a^ng  th^  same  ^°^>0S-^r^gn  ^g^ror^ato^tartari^ackl  is  deduced  by 

racemic  feid,  into  a .^^S  nThaphthalene  tetra- 

396.  Phthalic  acid,  C,ll4(bU.,ll  .,,  is  piepaiLa  ntixed  on  paper,  with 

chloride  with  mtric  Mid. a^Naj^th^leim,^C^^,^is^caief Lilly  ^mine^d,^^  l|J  ’ iar,g 

2 paits,  by ' weig , P°  naphthalene  tetrachloride,  C10H8C14,  thus  f 01  med> 

of  strong  hytocUoncacia.  ^ acid  and  aUowed  to  dry.  It  is  introduced 

is  washed  with  water  till  t nitric  acid  (sp  gr.  1.45),  which  must  be  very 

into  a flask  and  treated  with  strong of  naphthalene  taken.  The 

gradually  added, dissolved,  the  nitric°acid  boiled  off,  and  the  residue 
mixture  is  heated  till  all  f.,  W and  js  converted  into  phthalic  acid 

distilled,  when  phthalic  anhjdr (COLO  + H20  = C6H4(C02H)2. 

by  dissolving  in  hot  water  and  3 > which  are  easily  fusible,  and 

reatMy^ecomposed^nto  water  and  the  anhydndc^  IU|  sparingly  — 
^hatate  i“ed  wto  lime  t°o  > C„  it  yioldl  benroate  and  carbonate  of 
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calcium  (p.  519).  Chromic  acid  oxidises  phthalic  acid  completely  into  CO.,  and 
H?0.  Phthalic  acid  is  found  among  the  products  of  oxidation  of  anthracene, 
.alizarin,,  and  purpurin  with  nitric  acid  or  Mn02  and  IP, SO.,. 

Jsouvitic  acid,  C,H6(C02H)2,  is  obtained  by  fusing  gamboge  with  potash.  It 
crystallises  in  prisms  soluble  in  hot  water. 

Cumidic  acid,  C6H2(CH3)2(C02H)2,  is  prepared  by  boiling  durene,  C0H2(CH3)4, 
with  dilute  nitric  acid.  It  is  sparingly  soluble  in  water,  but  dissolves  in  alcohol. 
Cumylic  acid,  C6H2(CH3).,.C02H,  which  is  formed  at  the  same  time,  fuses  at  150°  C. 
and  sublimes  in  needles,  while  cumidic  acid  does  not  fuse,  and  sublimes  in 
.scales. 

Tricarballylic  acid,  C3H5(CO„H)3,  may  be  obtained  by  heating  citric  acid  with 
hydriodic  acid ; C3IT4(H0)(C02H)3  + 2HI  = C3H5(CO.,H)3  + H.,0  + 12.  This  acid  may 
also  be  built  up  from  glycerin,  C3H5(OH)3,  by  distilling  it  with  PI,  to  obtain 
C3H5I,  converting  this  into  glyceryl  tribromide,  C3H5Br3,  by  bromine,  and  heating 
the  tribromide  with  alcohol  and  potassium  cyanide  to  obtain  tricyanhydrin,  or 
glyceryl  tricyanide,  C3H5(CN)3,  which  yields  potassium  tricarballylate  and  ammonia 
when  boiled  with  potash  ; C3H5(CN)3  + 3KHO  + 3H20  = C3H5(CO.,K)3  + 3NH3. 

The  calcium  salts  of  tricarballylic,  citric,  and  aconitic  acids  occur  in  the  deposit 
formed  in  the  stills  of  beet-sugar  manufactories.  Tricarballylic  acid  crystallises 
in  rhombic  prisms,  which  are  easily  soluble  in  water  and  alcohol. 

397.  Citric  acid,  C3H4(H0)(C02H)3,  or  hydroxytricarballylic  acid , is 
prepared  from  lemon-juice,  by  heating  it  and  adding  chalk  as  long  as 
effervescence  takes  place ; this  precipitates  part  of  the  acid  as  calcium 
citrate,  leaving  the  rest  in  solution  as  an  acid  salt ; this  is  precipitated 
by  adding  milk  of  lime,  and  boiling.  The  calcium  citrate  is  washed 
with  boiling  water,  decomposed  by  exactly  the  required  quantity  of 
dilute  sulphuric  acid,  the  liquid  filtered  from  the  calcium  sulphate,  and 
evaporated  to  crystallisation.  It  is  sometimes  recommended  to  ferment 
the  lemon-juice  with  yeast  for  two  days,  and  to  filter  before  adding  the 
chalk. 

Properties  of  citric  acid. — The  crystals  contain  one  molecule  of  water, 
and  are  rhombic  prisms,  very  soluble  in  water,  and  fairly  so  in  alcohol 
and  ether.  It  fuses  at  100  C.,  and  loses  its  water  of  crystallisation 
•at  130  . Heated  to  1 7 5 °,  it  loses  H20  and  becomes  aconitic  acid, 
C3H3(CO,H)3.  When  further  heated,  this  loses  CO„  and  itaconic  acid 
distils  over,  crystallising  in  the  neck  of  the  retort;  C3H3(C02H)3  = 
C02  + G3H4(C02H)2.  The  liquid  portion  of  the  distillate  contains 
citraconic  acid  isomeric  with  itaconic,  into  which  it  is  converted  by 
heating  its  concentrated  solution  to  120°  C.  Oxidising  agents  con- 
veit  citric  acid  into  acetone  and  its  derivatives.  When  dehydrated  by 
phosphoric  or  sulphuric  acid,  it  also  yields  acetone,  together  with  CO 
andCJO,;  C3H4(HO)(CO,H)3  - 2C02  + CO  + II20  + CH3.CO.CH f acetone). 
f usion  with  potash  converts  it  into  acetate  and  oxalate — 

C3H4(H0)(C02H)3  + 4KHO  = 2(CH3.C02K)  + (C02K)2  + 3H.,0. 

Solution  of  citric  acid,  mixed  with  excess  of  lime-water,  gives  no 
precipitate  in  the  cold,  distinguishing  it  from  tartaric  and  oxalic  acid; 
but  when  heated,  it  deposits  calcium  citrate,  Ca3(CGH.O.)2.4Aq,  which  is 
more  soluble  in  cold  than  in  hot  water,  but  is  insoluble  in  potash, 
which  dissolves  calcium  tarti’ate;  ammonium  chloride  and  acetic  acid 
•dissolve  it. 

Magnesium  citrate,  Mg3(C(.H.O.)2. 1 qAq,  is  easily  soluble  in  water; 
mixed  with  NaII003,  citric  acid,  and  sugar,  and  rendered  granular  by 
moistening  with  alcohol  and  drying,  it  forms  effervescent  citrate  of 
magnesia. 

Ferric  citrate,  Fe2(Ct.IT0O7)2.6Aq,  used  in  medicine,  forms  transparent 
red  scales  prepared  by  dissolving  ferric  hydrate  in  citric  acid,  and 
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evaporating.  Ferric  ammonio-citrate,  Fe2(NH4)3(CGH307)3,  is  also  used 

“ciSfcadd  b found  in  many  fruits,  associated  with  malic  and  tartaric 
acid.  The  citrates  of  potassium  and  calcium  are  present  m many 

vegetables,  and  in  the  indigo  and  tobacco  plants.  _ _ 

Oitrip  arid  may  be  built  up  from  acetone  by  the  following  steps  . 

rHCOCH  + CL  = 2HC1  + CH,C1.C0.CH,C1  ( did  dor  acetone) , 

(21  by  heltino  tliis  with  strong  hydrocyanic  acid,  it  is  converted  into  “r«ce- 
(2)  ijj  nea  rm  f'NT  OH  Cl-  (1)  this  last,  acted  on  by  HL1  and 

CH,Cl.C.OH.CO,H.CH„Cl;  (4)  on 

SM  With  potassium  cyanide,  it  gives  f 1 KdttS.' 

OH.,CN  C.OH.CO,H.CH.CN;and(S)  bythe^ion  otaHClani4HOH,  b . 

in  small  crystals,  easily  soluble  in  water  and  alcohol.  It  is  distinguisncu 

oil°o 

ca^,  and  in  .some  other  plants.  from  opi„m  by  digesting  it  with  hot 

JHecomc  cicicl,  C4HO(LU.,Ii)3,  is  exi,  , . and  adding  calcium 

water,  neutralising  the  solution  wi  c , HCaC  HO  Aq,  from  which 

chloride,  which  precipitates . hyfl°c^au"^  fn  hot  dilute  HCl-  It  crystal- 

3So“ITs|Sy  men  heated,  if  loses  CO„  and  becomes  co„, enic  acit, 

^ -r-w  n 1 -P,,,, 


CLlSSOlves  lb  ----- 

C H.Oj,  and  when  further  h eated,  pyrocomemc. 


ntUj  C5H403.  „ 

mecollo  So^omenie  acid.  SS 

red  colour  with  te"!°  Fh^dmFnjatic  mewmte,  HAg.C,HO„  but 

thehiquid  Lied,  the  precipitate  becomes 

-S* 

represented  as  hydroxychelulomc  acid,  0,110(00,  • acic7 

‘ O A rms  CONTAINING  nitrogen . — Hydrocyanic  01  pt  ussic  ac  , 
T-TOX ' is  prepared  in  aqueous  solution,  by  distilling  potassium  eno 

o *>»  atood  condenser, 

th©  rGCGivGi . . ..  . -rr-  n A n rmd«  wliBU  li©citf©cl 

being  produced  The  ioilowi  g = 6H£  + K2Fe",Cy6  + 6KHS0, 

inVreS 

C0en“dwShh r ‘condeSfcooied1  V ™ter,  and  receiving  the 


Long  boiling  with  water 
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distillate  in  a bottle  cooled  in  ice  and  containing  fused  calcium  chloride 
in  coarse  powder.  This  bottle  is  afterwards  placed  in  a water-bath 
connected  with  a receiver  cooled  in  ice  and  salt,  and  gently  heated,  when 
the  pure  hydrocyanic  acid  distils  over.  The  anhydrous  HCy  may  also 
be  obtained  by  passing  dry  H„S  gas  into  a long  tube  filled  with  mercuric 
cyanide  and  connected  with  a receiver  cooled  in  ice  and  salt ; the 
operation  must  be  stopped  when  an  inch  or  two  of  mercuric  cyanide 
remains  undecomposed,  to  avoid  contamination  of  the  HCy  with  H.,S; 
IlgCy,  + H,S  = HgS  + 2 HCy. 

Properties  of  hydrocyanic  acid. — A colourless  liquid,  sp.  gr.  0.7,  which 
evaporates  rapidly,  so  that  a few  drops  in  a watch-glass  are  solidified 
by  the  cold  of  evaporation,  the  freezing  point  being  — 150  C.  The  acid 
boils  at  2 70  C.,  giving  a vapour  which  burns  with  a purple  flame.  The 
smell  of  the  vapour  is  quite  characteristic,  and  is  compared  by  some  to 
a faint  odour  of  almonds ; it  generally  produces  a sensation  of  dryness 
at  the  back  of  the  throat.  The  inhalation  of  the  vapour,  unless  largely 
diluted  with  air,  is  very  dangerous,  and  an  extremely  small  quantity  of 
the  acid  taken  internally  generally  kills  immediately.  When  the  pure 
acid  is  mixed  with  an  equal  volume  of  water,  a contraction  ensues, 
amounting  to  about  one-twentieth  of  the  total  volume,  and  cold  is  pro- 
duced. The  aqueous  acid  is  decomposed  when  exposed  to  light,  deposit- 
ing a brown  substance,  whilst  ammonium  formate  and  other  products 
are  found  in  solution;  HCN  + 2H.,0  = NH,.CO„H.  A trace  of  sul- 
phuric acid,  which  generally  splashes  over  in  pi'eparing  prussic  acid, 
prevents  this  decomposition.  Acids  and  alkalies,  when  boiled  with  the 
acid,  convert  the  ITCH  into  formic  acid  and  ammonia. 

The  acid  properties  of  HCy  are  very  feeble ; it  hardly  reddens  litmus, 
and  does  not  destroy  the  alkaline  reaction  of  the  alkalies  or  their  car- 
bonates. The  salts  formed  by  displacing  its  hydrogen  by  alkali-metals 
ai’e  easily  decomposed  by  water  and  carbonic  acid,  and  therefore  smell 
of  HCy,  but  the  cyanides  formed  by  many  of  the  metals  are  very  stable 
bodies. 

Although  HCy  is  so  much  more  easily  liquefied  than  HC1,  its  vapour 
continually  escapes  even  from  a weak  aqueous  solution,  so  that  the 
strength  is  diminished  every  time  the  stopper  is  removed  from  the  bottle ; 
it  thus  happens  that  the  weak  prussic  acid  (2  per  cent.)  dispensed  by  the 
druggist,  is  sometimes  found  to  have  become  nearly  pure  water. 

Hydrocyanic  acid  is  found  in  laurel- water,  and  in  water  distilled  from 
the  kernels  of  many  stone-fruits,  such  as  peach,  apricot,  and  plum.  In 
these  cases  it  appears  to  be  produced  from  amygdalin  (see  p.  504). 

Hydrocyanic  acid  is  produced  synthetically  by  passing  a succession  of 
electric  sparks  through  a mixture  of  nitrogen  with  an  equal  volume  of 
acetylene,  this  being  itself  produced  by  carbon  intensely  heated  in 
hydrogen  (p.  93).  HCy  is  also  found  among  the  products  of  distilla- 
tion of  coal,  and  occurs  in  imperfectly  purified  coal-gas. 

lestsfor  hydrocyanic  acid. — Silver  nitrate  produces  a white  precipitate- 
01  silver  cyanide,  AgCN,  which  is  dissolved  by  boiling  with  strong  nitric 
acid,  and  precipitated  in  microscopic  needles,  AgCN^AgHOj,  on  cooling.. 

/ ussian-blue  test : Add  potash  in  slight  excess,  to  form  KCy ; then 
add  ferrous  sulphate  solution  (which  always  contains  ferric  sulphate) 
to  form  potassium  ferrocyanide ; 6IvCy  + Fe"SO.,  = K4Fe"Cy6  + K2S04 
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this  acts  on  the  ferric  sulphate  and  Pences  feme 

or  Prussian  blue;  3K<Fe"Cy„  + sFe'"s  (S04),  = Fe  ,(Fe  Cy J >,+ . 

Finally,  add  hydrochloric  acid  in  excess  to  neutrahse  the  excess 

potash,  which  decomposes  the  blue.  SMecymigt test 

monium  sulphide  (which  contains  some  ^dl^e^,  to  form  amrn  ^ ^ 

due  to  ammonium  thiosulphate  produced  by  the  action  of  am,  and  does 

n°x!letyanWesyand  other  important  derivatives  of  hydrocyanic  acid 
will  be  considered  under  the  head  of  Cyanogen  coiiipoun  s. 

,gn.  Picric  or  carbazotic  acid,  or  tnmtrophenol , « 

prepared  by  the  action  of  nitric  acid  on  phenol.  Ten  grins • °*  phe m 
(crystallised  carbolic  acid  fused  by  gently  heating)  are  g^a  } ^ t 

to  so  c.c.  of  ordinary  nitric  acid,  and  gently  heated  Whm  the ^iolent 

action  is  over,  so  c.c.  of  strongest  nitric 

boiled  as  long  as  much  red  gas  in  boiling 

mass  of  picric  acid  is  obtamed,  which  is  p m Uow  plates  01. 

water,  filtering,  and  crystallising.  1 Vm+  more  easily  on 

prisms,  wliich&are  sparingly  sduble  m «>ld  oT^ter; 

heating,  imparting  a bright  jel  ow  ^our  to^a  ££  ™ bitter  taste 

alcohol  dissolves  it  reach  y.  ■ ’ other  organic  matters 

(whence  its  name),  and  stains  When 

yellow,  which  is  turned  to  accoun  in  3 *= nrtial  sublimation,  and 

heated,  the  crystals  fuse  at  122^  ■>  conseauence  of  the  sudden 

explode  slightly  at  a higher  tempeia  m ^ action  of  the  HO,  upon 
formation  of  gas  and  evolution  o ^ • -c  acid  by  the  action 

the  C and  H.  The  conversion  of  phenol  into  picric  acia  y 

of  nitric  acid  may  be  represented  by  the  eqimtron 

CH  OH  + 3(H0.N0„)  = CcH2(NO,)3OH  • j , 

Picric  acid*  is'  one  of  the  very  few  acids  wMjtam mpa^g  y sohtole 

a better  adherent  crystalline  precipitate  of  potassium  pwraU, 

phKS  W explodes  violently  when  heated  or  struck, 

^ 1 1 l 3 mopfl  a q an  explosive.  Ammomum  picrate  is  also  a i e ) 

and  has  been  used  as  SCTeral  „£  the  alkaloids.  An 

explosive  salt.  Pic  * V stalline  compounds  with  several 

alcoholic  solution  of  pic  < mrticularlv  with  benzene,  naphtha- 

hydrocarbons  in  alcoholic  solution,  P^ularly  ™tn  oe^  ^ Saline 

lene  and  anthracene.  Reducing  agent  , ■ y (1h , /-m-q  \ ^ jj  OH, 

solutions,  convert  picri £*£*$£&£  of  W 

S nitrocMorof^,  080,0.  -og-ed 

by  its  pungent  Gf  the  action  of  nitric  acid 

Picric  acid  is  a veiy  _ 1 ■>  any  reshis  furnish  it  in 

upon  organic  substances;  m ig  > ^ fragrant  ^red  resin  known  as 

fT^arin^^cii 

» presence  wou.d  be 
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shown  by  the  fast  yellow  colour  imparted  to  a thread  of  white  wool 
soaked  in  the  warm  liquid. 

400.  Hippuric  acid,  or  benzoyl-glycocine,  or  benzamidacetic  acid, 
CSIISN O.COJ-I,  is  prepared  from  the  urine  of  horses  or  cows  (pre- 
ferably the  latter)  by  evaporating  it  to  about  an  eighth  of  its  bulk  and 
adding  an  excess  of  hydrochloric  acid.  On  standing,  long  prisms  of 
hippuric  acid  are  deposited,  which  may  be  decolorised  by  dissolving  in 
boiling  water  and  adding  a little  chlorine-water,  when  the  colourless 
acid  will  crystallise  out  on  cooling.  If  the  animal  has  undergone  much 
exercise,  or  the  urine  has  decomposed,  benzoic  acid  is  obtained  instead 
of  hippuric,  and  if  a dose  of  benzoic  acid  be  taken,  it  will  be  found  as 
hippuric  acid  in  human  urine,  which  contains  naturally  but  a minute 
proportion. 

The  relationship  between  the  two  acids  is  shown  by  the  following 
reactions  Benzoic  acid,  C6H5. CO. OH,  distilled  with  PCI,,  yields  benzoyl 

chloride,  C6H5.C0.C1  (see  p.  520);  acetic  acid,  CH3.CO.,H,  acted  on  by 
chlorine,  yields  chlor acetic  acid,  CH2C1.C02H ; this  last,  under  the  action 
of  ammonia,  gives  amidacetic  add,  CH2NH2.C02H,  and  HC1 ; the  silver 
amidacetate,  CH,NII,.CO,Ag,  decomposed  by  benzoyl  chloride,  yields 
AgCl  and  C 1 1.,.  NHr  C02. C. H.O,  which  last  is  benzamidacetic  acid,  or 
hippuric  acid.  When  boiled  with  acids  or  alkalies,  hippuric  acid 
undergoes  hydrolysis,  and  yields  amidacetic  acid  (glycocine)  and  benzoic 
acid ; CH2.NH2.C0s.C7H,0  + H20  = CH2.NH2.C02.H  + C6H..C02.H. 

Hippuric  acid  crystallises  in  rhombic  prisms,  sparingly  soluble  in  cold 
water,  soluble  in  hot  water  and  in  alcohol,  but  insoluble  in  ether,  which 
distinguishes  it  from  benzoic  acid.  Like  benzoic,  it  dissolves  easily  in 
ammonia,  and  is  precipitated,  in  feathery  crystals,  by  hydrochloric  acid ; 
but  these  are  not  dissolved  on  adding  ether. 

The  more  complex  character  of  hippuric  acid  is  shown  by  the  action 
of  heat,  for  whereas  benzoic  acid  sublimes  without  decomposition,  hip- 
puric assumes  a red  colour,  gives  a small  sublimate  of  benzoic  acid,  and 
evolves  hydrocyanic  acid,  benzamide,  C_H5O.NH2,  and  benzonitrile,  or 
phenyl  cyanide,  C6H6.01Sr,  which  smells  of  bitter  almonds. 

The  liippurates  resemble  the  benzoates;  in  solution,  they  give  a buff 
precipitate  with  ferric  chloride. 

. 4oi.  Uric  acid,  or  lithic  acid,  C6H4N403,  or  C2(CO)3(NH)4.— Uric  acid 
is  genei  ally  prepared  from  the  excrement  of  the  boa-constrictor  ( serpent's 
urine  from  the  Zoological  Gardens),  which  consists  chiefly  of  liydro- 
ammonimn  urate,  H.NH4.CsH2N403  ; this  is  dissolved  by  boiling  with 
dilute  potash,  which  expels  NH3,  and  converts  it  into  normal  potassium 
urate,  K2C5H2H403 ; by  passing  C02  through  this,  the  sparingly  soluble 
hydropotassium  urate,  HKC-H^NjO,,  is  precipitated ; this  is  washed, 
dissolved  in  hot  water,  and  decomposed  by  HC1,  which  precipitates  the 
uric  acid.  Human  urine  also  yields  uric  acid  in  small  crystals  when 
concentrated  by  evaporation,  mixed  hot  with  a little  HC1,  and  set  aside  ; 
the  crystals  are  much  tinged  with  urinary  colouring  matter,  and  may 
be  purified  by  dissolving  in  potash  and  treating  as  above ; healthy  urine 
yields,  at  most,  one-thousandth,  by  weight,  of  the  acid. 

(yuano,  the  partly  decomposed  excrement  of  sea-birds,  contains  much 
uric  acid,  which  may  be  extracted  from  it  by  boiling  with  a 5 per  cent, 
solution  of  borax,  and  adding  HC1  to  the  filtered  solution. 

Uric  acid  is  a white  crystalline  powder,  appearing  under  the  micro- 
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scope  in  peculiar  modifications  of  the  rhombic  prism.  It  is  very 
sparingly  soluble  in  water,  requiring  1800  parts  of  boiling  water  and 
14,000  parts  of  cold  water;  and  it  is  insoluble  in  alcohol  and  ether,  but  dis- 
solves in  glycerin  and  in  alkaline  liquids.  When  heated,  it  is  carbomsec 
and  decomposed,  emitting  odours  of  ammonia  and  hydrocyanic  acid;  urea, 
CO(NH2)2,  and  cyanuric  acid,  C3N3H303,  are  also  found  among  the  pro- 
ducts. Strong  sulphuric  acid,  heated  with  uric  acid,,  dissolves  1 wi  ou 
blackening,  and,  on  cooling,  deposits  crystals  containing  two  molecules 
of  sulphuric  acid  ; water  separates  uric  acid  from  them.  Nitric. acid  dis- 
solves uric  acid  easily  when  gently  warmed,  effervescence  ta  mg  p ace 
from  escape  of  nitrogen,  C03,  and  oxides  of  nitrogen.  On  evaporating 
the  solution,  it  leaves  a yellow  residue,  which  becomes  red  when  turt  er 
heated.  This  residue  is  a mixture  of  several  products  of  oxidation  of 
uric  acid,  and  assumes  fine  purple  colours  when  treated  with  ammonia  or 
potash  ( murexide  test).  Uric  acid  acts  as  a reducing  agent ; it  precipi- 
tates cuprous  oxide  from  alkaline  cupric  solutions,  and  reduces  silver 
nitrate  to  the  metallic  state  if  a little  sodium  carbonate  is  added. 

When  uric  acid  is  heated  with  strong  hydriodic  acid  in  a sealed  tube 
to  1600— i7o°'C.,  it  yields  glycocine,  and  the  products  of  decomposition 
of  urea,  viz.,  NH3  and  C02.  Conversely,  if  glycocine  be  heated  with 
excess  of  urea  to  230°,  uric  acid  is  formed 

CH2NH2.C02H  + 3CO(NH2)2  = C,(CO)3(NH)4  + 3hH3  + 2H2  . 

(ilycocine.  ' 3 mols.  urea.  Uric  acid.  . . 

Urea  is  found  among  the  products  of  distillation  and  oxidation  of  uric 

aCThe  acid  character  of  uric  acid  is  feeble,  and  its  salts  are,  for 
the  most  part,  sparingly  soluble;  it  is  dibasic.  Hydrosodmm  ura t 
HNaC.H,N403,  occurs  in  the  gouty  concretions  termed  chalk-ston  , 

and  sometimes  as  a deposit  from  urine. 

The  hydro-ammonium  urate  is  the  buff  or  pink  deposit  so  often  formed 
in  urine  on  cooling  ; it  disappears  on  gently  warming  ; the  colour  does 
not  belong  to  the  salt  itself.  Hydrolithium  urate,  HLiU,  is  the  most 
soluble  urate,  requiring  370  parts  of  cold  and  40  parts  of  boffing  , 

whilst  the  sodium  salt  requires  1100  parts  cold  and  124  parts  boil  e> 
and  the  ammonium  salt  requires  1600  parts  of  cold  water. 

Uric  acid  and  urates  are  very  common  constituents  of  unnary  c< 
culY  They  are  also  found  in  minute  quantity  in  blood  and  some  other 
onbrial  fluids  and  in  the  solid  parts  of  some  animals.  . 

‘ When  uric  acid  ta  added de grees 

The  octahedral  crystals  contain  .Aq,  hut  it  may  he 

^mSo^S^iaryta  water,  it  deposits  a crystalline  precipitate, 
which  is  the  barium  salt  of  atom  acul  CQ  NH(c0)t.c0.0H. 

If  the  boilinsr  bl°OTg Continued,  the  products  arc  urea  and  the  banum  sa  0 

“^NHtCOVCO.OH  + HOH  = OOjSBA  + C^aOHJ 

Nascent  hydrogen  converts 

CH.OH(CO,H)  stSSS on  of  4 molecSs  of  water- 

tronic  acid  and  urea  by  the  a „ n r CO  2C0(NH)2  (uric  acid). 

CH.0H(C02H)2  + 2C0(NH2)2  (urea)  = 4^0  + C2.CO.2bU0Nn;2  v 
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This  would  indicate  uric  acid  to  be  the  di-ureide  oftartronic  acid.  By  hydroe-enis- 
mg  alloxan  it  is  converted  into  dialuric  acid,  or  tartronylurea,  CO.N.H  (C  HO  V 
This  is  effected  by  passing  H,S  through  a boiling  solution  of  alloxan,  when  sill 
phur  is  precipitated.  Dialuric  acid  crystallises  in  needles,  which  absorb  oxygen 
when  exposed  to  air,  and  are  converted  into  alloxantin,  C H N 0 'g 

2(CO.N2H  CsH,Os)  + O = 2H..O  + (CO)2.N4(CsH202Co7(atere«m). 

This  body  is  also  precipitated,  together  with  sulphur,  when  H.S  is  passed  into  a 
cold  solution  ot  alloxan,  when  the  dialuric  acid  formed  at  first  reK  with  the 
excess  of  alloxan,  and  the  alloxantin,  being  nearly  insoluble  in  cold  water  is 
removed  from  the  further  action  of  the  H.,S  wacer,  is 

Alloxantin  is  precipitated  on  mixing  solutions  of  alloxan  and  dialuric  acid— 
C303(NH)2C0  + C0.N2H2.C3H203  = H20  + (C0)2.X,(C.,H„0v)„0 

# Alloxan.  Dialuric  acid.  'Alloxantin . 

When  uric  acid  is  dissolved  in  hot  dilute  nitric  acid,  alloxantin  is  the  chief 
pioduct,  and  its  preparation  may  be  combined  with  that  of  alloxan  by  treatino- 
the  cooled  mother-liquor  from  the  alloxan  with  H.,S,  and  boiling  the  precipitate 
with  water,  which  extracts  the  alloxantin  and  deposits  it,  on  coolingPi?priSms 
containing  3 Aq.  It  has  an  acid  reaction,  and  produces  a fine  vS  pScFpitSe 
with  baiyta-water,  which  is  bleached  by  boiling,  being  converted^  into  the 
alloxanate  and  dialurate.  Ferric  chloride  and  a Wp  nf  • • into  the 

colour  with  alloxantin.  It  becomes  “hSUosXl^SJ‘11^ 
On  adding  ammonium  chloride  to  a hot  saturated  solution  of  aRoxantiZit  beZmes 
first  purple  and  then  colourless,  depositing  a crystalline  precipitate  ol  uraZil 

HOlioo^mpni  elution;  (COyNAH^O  (alloxaltfn ) + NH 

green  metallic  lustre,  of  murexide,  or  acid  ammonium  imrpurate  mi C HNO  HO 
the  constitution  of  which  is  uncertain,  but  the  formula  is  the  sum  Vi  'one' mfe 

lurexide  is  also  formed  by  heating  alloxantin  to  ioo°  C in  a current  of  ™ 
monia-gas,  when  water  is  eliminated—  current  ot  am- 

(CO)iS°2)2°  + 2NH^  = H-'°  + (CO)2(^HA)2(NH2)2 

the^atteiacte^ponFz^ole^ules^f  urami^yieldiZm^6’  0X^cn  from 

of  murexide  are  also  Zained  by  aiK  Cr>’stals 

4 parts  of  alloxantin  in  240  parts  of  hot  wfterZnd  aLl^Tr?^  (aU°;xan  aad 
saturated  solution  of  ammonium  carbonate ? g 8°  .par,ts  of  a cold 
cold  water,  and  insoluble  inTohol  aZ  fther  r S^nnS}7  s.oluble  in 

PwtrSr'  f-C*ds  bleach  i^Fappar^ly^p^^^  * ^ a ** 

Synthetlca11^  hy  heat-g  urea  with  malonic  ac^ffthi: 
3CH2(C°.  OH)2 + 3CO(NH2)2  + 2POCl3  = 3(CO.N2H2.  C3H202)  + 2P0(0H)3  + 6HC1. 

-larabanic  acid,  or  oxah/l-urea  CO  N 14  (O  n \"  n 1.  ■ c •,  , „ „ 

violent  oxidation  of  uric  acid  ’mri  ;.^A(C202)  .is  the  chief  product  of  the  more 

six  parts  of  nitric  ackl  sp gr V 7 adding  uric  acid  to 

bath,  and  recrystallising  from  water  7 It  °fZ™«P  “lg  dF.yness  on  the  steam- 
dissolve  in  alcohol,  but  lot  in  eTher  H i/,  Tk  Pnsms,wh>ch  are  strongly  acid, 

chloride  ; (CO.OH),  + CO  N H = 2HOK I rn  \r  u rreSenCu  °f  PhosPhorous  oxy- 
convert  uric  into  narabanic  Air! . C0.N2H2.C20s.  Most  oxidising  agents 

chlorate,  MnO,  anK  SO  ’ ” ° Water'  HCI  “<•  potassium 

tedurio  acid,  NH!.CO.NH.CO.CO.OH  or  CO.ttft.HO.0,0,,  is  formed  by  the 
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action  of  alkalies  on  parabanic  acid,  when  it  combines  with  the  elements  of 
water  • CO  N H C 0 + H 0 = CO.N.,Hr HO.C.,0.,.  Ammonia  is  preferable,  because 
potash  deco^po2seft!i+e  product.  When  parabanic  acid  is  boiled  with  ammo 
ammonium  oxalurate  crystallises  in  needles  after  cooling.  I * 
in  hot  water,  HC1  precipitates  oxalunc  acid  as  a crystalline  powder  This  acid 
has  the  same  relation  to  parabanic  acid  as  alloxanic  acid  has  to  alio. 


Alloxan 
Alloxanic  acid 


N„H.,(CO)4 

N‘2H'3(C0)3.C02H 


Parabanic  acid 
Oxaluric  acid 


N„H„(CO)3 

N2H3(CO)2.CO.,H 


A small  quantity  of  ammonium  oxalurate  may  be  extracted  from  urine  by 
animal  charcoal,  which,  after  having  served  for  the  filtration  of  a large  volume  of 
urine,  is  well  washed  with  water,  and  boiled  with  alcohol,  which  leaves  the 
oxalurate  mixed  with  colouring  matter,  when  evaporated.  . 

‘ Oxalur amide,  N.,H3(CO)„.CO.NH2,  is  metamenc  with  ammonium  par abanate, 
PflNH  NH  C 0 and  is  obtained  by  heating  that  salt  to  ioo  C. 

acid,  C0.N2(CH3)2.C20  or  Mestrophane  is .taedwto 
silver  paginate  is  heated  with  methyl  iodide  _ It  is  interesting  fiom  having 
bpen  originally  obtained  by  the  oxidation  of  caffeine  (see  Caffeine). 

The  principal  immediate  products  of  the  oxidation  of  uric  acid  m acid  solution 
have  been  seen  to  be  alloxan,  parabanic  acid,  and  urea,  but  when  an  alkaline 

solution  of  uric  acid  in  potash  is  exposed  to  air,  it  wMchtSidmay 

deposits  crystals  of  the  potassium  salt  of  uroxamc  acid,  fiom  which  the  acid  may 

be  prempff^ed  by  HCb-)  + ^ + Q = c3H6N402(C02H)2  (uroxanicacid). 

When  boiled  with  water,  it  is  decomposed  into  single  molecules  of  C02,  urea,  and 

^Vhe^r^  and  water’  a PreciP.itate  oJ  lead 

oxalate  is  formed,  and  the  filtered  liquid  deposits  crystals  of  odanfom.^wMe  the 

Allantoiii  is  found 

111  ^o-m^add,  havTng'th^ame  composition  as  uric  acid  is 

solution  of  alloxantin  with  solution  of  cyanamide.  It  is  more  easily  oxicme 

*0H  N407  ( alloxantin ) + 2(CN.NH,)  [cyanamide)  = 20,11, N403  [iso-uric  acid)  + 0. 
Some  alloxan  is  formed  at  the  same  time  by  the  oxidation  of  some  of  the  allox- 

anmp  ‘ subioined  formulae,  though  not  expressing,  in  all  cases,  the  true  constitu- 
tion^ uric  acid  and  its  chief  derivatives,  may  be  found  useful  in  assistm0  the 

memory : — 

Uric  acid 

Urea  • • • 

Oxalyl-urea,  or  parabanic  acid 
Mesoxalyl-urea,  or  alloxan 
Malonyl-urea,  or  barbituric  acid 
Tartronyl-urea,  or  dialuric  acid 
Glyoxyl-urea,  or  allanturic  acid 
Amido-malonyl-urea,  or  uramil 
Oxaluric  acid  • 

Alloxanic  acid . • • • 

Alloxantin  • 

Murexide . 


(C0.N„H.,)X(C„02) 

co.n„h4 
co.n:h,(C.,o„) 
co.n;h.;(c;o3) 

C0.N2H2(C3H202) 
co.n2'h2(C3h2o3) 

CO.NoH3(C.,HO..) 
C0.N.‘H.,(C3H.NH2.02) 

co.n;,h:,(c„h.,o3) 
co.n:,h.(csh2o4) 

(C0).;N4(C3H202).,0 
(C0).'.N4(C3H.,02)2(NH2)2 


Ketones  or  Acetones.— The  ketones  are  formed  from  the  acids 
4 ,i  qjj  from  the  group  CO. OIT,  characteristic  of  the 

by-  bylothe*  radical,  usually  one  of  the  hydro- 

amds,  and  replacir  b Joho]a  . thus,  if  OIT  be  removed  from  acetic 

can°  ru  00  OH  “placed  by  inethyl,  OH.  the  result  will  be 

a01c’  OR  POOH  The  ketones,  therefore,  contain  the  group  tO,  or 

GH  OO.OU  ; the  aldehyde ; and  it  will  be  seen, 

Of  the  alcohofs,  that  the  ketones  are 
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really  the  aldehyds  of  a particular  class  of  alcohols,  called,  from  their 
internal  structure,  secondary  alcohols,  and  that  these  may  be  converted 
into  ketones  by  partial  oxidation,  just  as  alcohol  is  converted  into 
aidehyd,  whilst  the  ketones  yield  secondary  alcohols  with  nascent 
hydrogen,  just  as  aidehyd  yields  alcohol. 

It  was  shown  at  page  501  that  the  aidehyd  of  any  acid  could 
generally  be  obtained  by  distilling  a mixture  of  a salt  of  that  acid  with 
a formate ; thus,  a mixture  of  potassium  acetate  with  potassium 

PtTpA  rVrfL  aCl1C  aldehJd  i CH3.CO.OK  + H.CO.OK  = 

C II3.C0. H + OK.CO.OIv.  The  salts  of  the  alkali-metals,  by  reason  of 

ten-  stability  are  not  so  fitted  for  this  reaction  as  the  calcium  salts. 

calcium  acetate  be  distilled  with  calcium  formate,  acetic  aidehyd 
would  be  produced  according  to  the  equation 

^ . (CH3-CO.O)2Ca  + (H.CO.O)2Ca  = 2(CH3.CO.H)  + 2(03.00.0..). 
K,CaI™  acetate  be  distilled  with  calcium  acetate,  that  is,  by 
itself,  the  products  will  be  acetone  and  calcium  carbonate— 

(OH  00  0)  Ca  + (CH3.CO.O)2Ca  = 2(CH3.C0.CH3)  + 2(Ca.C0.02). 

Ihe  aldehyds  contain  an  atom  of  hydrogen  united  to  an  alcohol 
radical  by  the  mediation  of  the  CO  group,  whilst  the  ke?ones  “ 
two  alcohol  radicals  united  through  the  CO  group.  If  these  radicals  be 
diffeient,  a double  ketone  is  the  result;  thus,  by  distilling  a mixture  of 
°al™  and  calcium  ProPylate,  acetone-propione  is  obtained- 

(CHs.OO  0)  Ca  + (C2H5. CO. 0)2Ca  = 2(0H3.C0.C2H3)  + 2(03.00.0.,). 
When  acted  on  by  oxidising  agents,  the  ketones  yield  two  acids 

hydrocarbon ItS.  ^L°, ketone, 

H.CO.OH,  and  acetic  acid,  CHs.CO.OH;  propione, c’H^CO.C^^feTds 
acetic  acid  and  propylic  acid,  C2H5.CO.OH.  The  ketones  of  the  Letic 
series  all  yield  acetic  acid  as  one  of  the  acids  produced  by  their  oxidation 
showing  that  these  ketones  all  contain  the  group  CH  7 ’ 

403.  Acetone,  or  dimethyl-ketone,  CH3.CO.CH3,  or  pyro-acetic  smrit  is 
obtained  among  the  products  of  distillation  of  wood  (p  4Qi)  and  mav 
be  prepared  by  drstilling  the  acetate  of  lead,  calcium,  ot-  barium  X 
fh?  Pl|res‘  product  (see  the  above  equation).  The  crude 

30,HNaS\ 

I1!1  .sodllim  carbonate,  when  acetone  distils  over  mixed 
lth  water,  which  is  removed  by  fused  calcium  chloride 

Acetone  is  a colourless  fragrant  liquid,  of  sp.  gr.  0.81',  and  boiling  at 

. 11  mLs 

solvenTfo*1’6  “T?™  Separatej  and  rises  to  the  surface.  It’isTgoo'l 
ent  for  certain  resins  and  camphors.  It  is  not  so  nowerfnl  n 

oxidised*  agent  as  aidehyd,  and  does  not  reduce  silver  nitrate.  When 
0x1  Used  by  potassium  permanganate  or  by  dichromate  and  sulnhurK 
acid,  it  yields  acetic  and  carbonic  acids—  sulphuric 

CH,CO.CH3  + 04  = CH3.CO.OH  + CO(OH) 

* “ intermediate  stage,  and  afte, 

naSCCat  hj,dr°se'1  oo?v«f  rtcoholt  the 

N N 


546 


TABLE  OF  KETONES. 


..  ,,  TT  An  ,m,-i  „ crystalline  alcohol  termed  pinacone, 

(CH^CJOHV  SSE^^OIlW  (CH3)A(OH),(CH3,.  The 

Constitution  of  these  alcohols  will  be ^udied  bvThJfaction  of  zinc  methide  on 
Acetone  has  been  produced , synthetically  by  It  is  also 

acetyl  chloride  ; 2(CH3.C0Cl)  + Zn(C  3)2^  Z & 3red_hot  tube,  and  when 

“ ISVST1 mly  “fter orpml!  bodies  undergo  destructive  distillation. 

or  quicklime,  acetone  loses  the  eleme  > , . .it  % qq  josinsr  H.,0,  give 

lei  richer’ in  carbon;  thns,  two  ”3I»  C?  Three 

C„H10O,  mesityl  oxide,,  a liquid  smelling  P PP  ()  v]lorone  a crystalline  solid, 

sect  another  H,0  gives 

^ing  sugar  with  lime,  is  isoureric  with 

mesityl  oxide,  and  boils  at  84  0.  o-nrirminal  ketones ; none  of  them,  except 

404.  The  following  table  enumerates  the  principal  xeioues  , 

acetone,  has  at  present  any  practical  application. 

• X'rtvrmiln 


Ketone 
Dimethyl  . 
Methyl-ethyl 
Propione 
Methyl-propyl 
Methyl-butyl 
Propyl-ethyl 
Methyl-amyl 
Butyrone  . 
Yalerone  . 
Caprone 
Benzophenone 
Acetophenone 


Formula. 

ch3.  co.ch3 
ch3.  co.c2h5 

C2H5.  CO.C,2H5 
CHa.  CO.C3H7 

ch3.  co.c4h, 

C,H,.  C0.C2H, 


ch3.  co.c5hu 
c3h7.  co.c3h7 
c4h,.  co.c4h9 

C Hn-CO.C5Hn 
CH  CO.CBH6 


Boiling  Point  C. 

56° 

81 

100 

101 

127 

128 
155 
144 

181 
220 


199 


Acetophenone  . • • LnT,v  cases  of  isomerism:  thus, 

From  their  constitution,  the  ketones  mus^  ultimate  composition ; so  have 

propione  and  methyl -propyl  ketone  have  the  ketone  and  butyrone  form 

methyl-butyl  and  propyl-ethyl  ke ones  serie8  „ isomeric  with  the 

another  pair.  Moreover,  eac  series  : thus,  acetic  ketone,  (CH3)2CO, 

ft®*  propione,  (C^CO,  is  isomer, c 

^ onIr  - ac  ■ 

acetic;  CH3.CO.C2Hs+  3 • irni iii°-  calcium  propylate — 

Propi°ne  18  obt^H^o^Ca  = C.2H5.CO.C  H,  + S?3.60Cl)  + Zn(C,H5)2-= 
also  by  the  action  of  propyl  zinc  ethide  is  decomposed  by 

\Si2&  ^ whl"  “ yields  “°etl°  “ 

*-«.  ~ s ’2uZ 
which  it  may  be  piecii  Acetate  with  calcium  rutate.  . , , • 

artificially  by  distilling  calcium A c 1T  forms  a dibromide,  which  is  useful  in 
Naphthyl-phenyl  ketone,  C,„tl7.  a \ refractive  power, 
optical  experiments,  on  account  of  f fr(/m  the  alcohols  by  the 

405.  Ethers. — The  etheis  . tbe  hydrogen  in  the  hydroxyl 

substitution  of  an  alcQhol-md  I f treated  with  sodium,  the 

group ; to,  if  methf  by’sodiim,  and  CH,.ONa,  or  sodum 

hydroxyl  hydrogen  s 1 P acted  on  by  methyl  iodide— 

methylate,  rs  obtained^  cH,.O.CH,  + N1 
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the  H m OH, OH  has  been  displaced  byCII  and  methyl  ether,  CH  .0  OH 
has  been  formed.  It  avail  be  evident  that  a similar  reaction  betweeS 

SheTcH o' OH  ""‘If  10c,k,e>  <W.  would  furnish  methyl-ethyl 

that  of  the  aicoho]s.S°  " etherS  °btainable  exceed 

e?!ierS  ;!re  generally  insoluble  in  water,  and  lighter  and  more 
volatile  than  the  corresponding  alcohols.  They  are  not,  as  a rule  so 
easily  acted  on  by  other  bodies  as  the  alcohols  are.  When  oxidised  they 

wit  Sfof  nd  ridS;  1 T!iey  are  convertible  into  alcS 

°[  ^ater. at  high  temperatures,  the  H.,0  exchanging  TI  for 

hydriodt  acid  ihT  5 1^1  hydr°Sen  haloid  acids,  especially  with 
} . cid,  they  yield  haloid  compounds,  imitating  though  witli 

"'k  0 eSchhe  reatiTv  0f  ^ adds  with  «»  oS Ldt 

such  .is  It, O.  which  resemble  the  ethers  in  constitution  ; thus- 
* +r,2.HI  “ H2°  + 2KI ; and  (CH3)„0  + 2HI  = HO  + 2CH  T 

aidhoi  S^Tph^^if’  * 'Hs'0'c<H*’  “ rrred  by 

ii  i , upnunc  acid.  It  two  measures  of  alcohol  be  carpfnlKr 

ether  p^”  ZtT “to!  H sulPh”™  «M,  and  the  mixture  distilled, 

time  tfS  together  with  water,  and  if  alcohol  be  added  from 

f™e  mmTtHv  7“  duantity  of  sulphuric  acid  suffices  to  etherify  a 

Wl  • . H;;S0<  + C=H5°H  = HC..H5S04  + HOH. 

PTinto  ether^l  *°,  a?°H‘  H°'  G with  m°re  alcohol,  it  is  deeom- 

WhiCh  th“  acts  in  the  .same  way 

n , 1 ECUI5S04  + C2H,OH  = C2H  O.C..H.  + H SO 

and  is  carried°outS i!Tt^ 


Eig.  280.— Continuous  etherification. 


“;;St!d,’^fred  S“ing’  an  eriual  volume  of  stronv 
oooled,  it  i^med  hi  a retoTorl , S'  “^re  Z 

mth  " reSerV0i1'  °f  a’oohol  and  a weli-cooled  ^“rt 
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is  quickly  heated  till  it  boils,  when  its  temperature  wil  be  about  140  U 
(284°  F.J,  and  alcohol  is  then  allowed  to  pass  in  slow  y from  a siphon 
tube  furnished  with  a stop-cock,  and  dipping  below  the  liquid  m the- 
flask  • the  rate  of  flow  of  the  alcohol  is  so  regulated  as  to  keep  the  mix- 

ture  at  the  - .“CT 

of  alcohol  used  amounts  to  six  or  seven  times  that  originally  taken, 
nrocess  must  be  stopped,  because  secondary  reactions  attended  by  cai- 
CisaLTbave  used  up  much  of  the  sulphuric  acid.  The  liquid  collected 
in  the  receiver  contains  about  two-tlnrds  of  its  weight  of  ether,  wit 
about  one-sixth  of  water,  and  an  equal  quantity  of  alcohol  and  b ^ httte 
sulphurous  acid.  It  usually  separates  into  two  layers  of  which  the 
upper  is  ether.  The  whole  is  introduced  into  a narrow  stoppered  bott  er 

P ? -1  1 nl  a ftpv  standing  for  som6  liours,  tbs  otboi  is- 

remove  water  and  alcohol.  iUtei  swiiuiu&  .’  m f 


would  etherify  successive  additions  of  alcohol,  r . & 

action,  or  decomposition  Ye"iofwe  'Ze^Z 
statement  of  the  facts  wit  iou^  any  ^ductPof  the  a’ction  0f  sulphuric 
important  obs®^a^h  ybc  aaid  which  is  decomposed,  when  distilled 

acid  on  alcohol  is  sulphetliync  aciu  vNi  sulphuric  acid,  as  in 

with  more  alcohol  at  .«*»*>  i,i  favour  of  .hie 

If  the  proces^  cohinued 'after  all  the  amyl-ethyl  ether  has  juM 

over,  only  ethyl  e^'^b^e^obile  colourless  liquid  with  a cliarac- 
Prcptriies  of  ethei . ■&-  _ y T,  , ., ± , ,»n  ( < pvrmorates 


Properties  of  efto.-A  very  umrnm  — ^ 6vaporat* 

teristm  odour ; S]>.  JMS  ^tense  cold,  and  yielding  a very  heavy 
very  rapidly  in  air,  pi  od  e ,s  inflammable,  and  renders  ether 

dangerous  SuM  hands.  It  is  sparingly  soluble  in  water,  so  that, 
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when  shaken  with  it,  the  ether  generally  rises  to  the  surface  on  stand- 
ing, rendering  it  very  useful  for  collecting  certain  substances,  such  as 
bromine  and  alkaloids,  from  large  bulks  of  aqueous  solutions  into  a 
small  bulk  of  ether.  Ten  volumes  of  water  dissolve  one  volume  of 
ether.  Thirty-four  volumes  of  ether  are  required  to  dissolve  one 
volume  of  water,  so  that  ether  free  from  alcohol  could  not  contain 
much  water,  but  commercial  ether  contains  alcohol,  which  enables  it  to 
take  up  a larger  quantity  of  water.  Ether  and  alcohol  may  be  mixed 
in  all  proportions,  but  the  addition  of  much  water  generally  brings  the 
ether  to  the  surface.  Ether  has  been  solidified  to  a crystalline  mass  at 

1 19  C'  , ther  1S  much  used  in  laboratories  as  a solvent,  especially 
tor  fatty  substances  and  alkaloids,  and  by  the  photographer  in  making 
collodion.  & 

The  properties  of  ether  admit  of  some  interesting  experiments. 
i.  If  a little  ether  be  evaporated  by  blowing  upon  it  in  a watch-glass  with  a 
drop  of  water  hanging  from  its  convexity,  the  water  will  be  speedily  frozen  ^ A 
the  be  Hows'. COntallun^  ether  ma.v  be  frozen  to  a wet  table  by  blowing  into  it  with 

f Piece  of  tow,  wool,  or  sponge,  wetted  with  ether,  is  placed  at  the  upper 
•end  of  a sloping  trough  or  gutter  of  wood  or  metal,  over  six  feet  lono-  • a matcli 
applied  at  the  lower  end  fires  the  train  of  vapour.  ° ’ 

inm  hjUtL1S™ed  "’'V1  a Httle1hot  water>  emptied,  and  a little  ether  poured 
into  it  , the  vapour  may  be  poured  into  a row  of  small  beaker  Masses  each  of 
which  is  afterwards  tested  with  a taper.  passes,  each  of 

A PIieVm.atlc  trough  is  filled  with  warm  water,  and  a small  test-tube  filled 
\\ith  ethei  is  inverted  with  its  mouth  under  the  water,  and  quickly  decanted  up 
into  a gas-jar  filled  with  warm  water,  when  it  will  be  vaporised  and  mnv  be 
decanted  through  the  water  into  other  vessels  and  treated  like  a permanent  gas 
characten  ^ P°Ured  °Ver  the  jar  containing  it  at  once  proves  Rs  condensible 

407-  Ether  is  produced  by  other  reactions  than  that  between  alcohol  and  sul- 
phuric  acid,  and  although  these  arc  not  used  for  the  economical  preparation  of 

Thus"’  ard  C°nfiSm  the  modern  view  of  etherification! 

ct|i) 1 iodide  heated  with  disodium  oxide,  in  a sealed  tube,  to  iSo°  C yields 
ether  and  sodium  iodide  ; 2C,HSI  + Na.,0  = (C.,H5),.0  + 2NaI . Silver  oxide  ’ A°-  O 
nC°!riS1°"  more  easily-  Alcohol  heated  with  ethyl  bromide  and 
fc  Hto+HOH  + KlJ  Ffbn?  P2*fsinm  bromide ; C,H5.OH  + C,H5Br  + KOH  = 
miH  silium  iodide^ &UJ  + G H ON^JSh  OCLH7  “S’"  ethe? 

pete-qm^  °f  Wte1'’  UDder  yields,  first  al^of  and  £- 

CgH#I  + HOH  = C,Hs.OH  + HI,  and  C2H,I  + C,Ha.OH  = C2HvO.C„H.  + HI 

those  wbTcb1S,?fide  sulPh;.Tic  ar?  able  t0  Produce  ether  from  alcohol,  especiaUv 
Wir  whlwnSiVOlat^  an,rl  P0lybasic-  such  as  phosphoric,  arsenic,  and 
suSVhmo 11  y1aC,tin  thG  Saaie  wa5r  ^ sulphuric*  But  certain  salts, 

and the emanation of  thS^T1^  sa  phatTe'  also  generate  ether  from  alcohol, 
camble  !f£  ”f  thl,s  18  less  simple.  It  will  be  found  that  such  salts  are 

thus  ZnCl  +H0H-7n01  ^,  wa^r>  Wlth  formation  of  basic  salts,  and  free  acid  ; 

TP  -+  -H  ZnC1-0H  + HCl,  or  AL(SO,)„  + 4.HOH  = A1  80  (OH)  +2H  SO 

pmductTwoukl 'he ^^P.1^,6  w.itb  alcohol,  CsH,.OH,  instead  of  with  HOtf,  the 
P nets  would  be  G.,H5G1  instead  of  HC1,  and  C..H..HSO,  instead  of  H SO  and  if 

Race  ether611  ^ Clther  °f  these  woul-d  react  w’itb  the  excess  of  alcoWto  pro- 
«uh)lmri('U)H  i * ■ <;<mVerie(!  ,in,to  aicohol  by  heating  it  with  water  and  a very  little 

«thvlic  acid  heated  with  njh  Wtir  " 1 ” 

C2Hs.HS04  + HOH  = C.JT..OH  + 1I.,S04. 

«*M ‘iSdldeT  SM °0H  fc  hT'  in  th6  C0W'  “ J***  «I««W  and 
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If  a mixed  ether,  such  as  ethyl-amyl  ether,  be  treated  in  this  way,  the  radical 
containing  most  carbon  is  the  one  converted  into  an  alcohol ; G4Hs.O.G5tiu  + — 

Ordinary  oxidising  agents  convert  ether  into  aldehyd  and_ acetic  acid.  Ozomsec 
oxygen  converts  it  into  formic,  acetic,  and  oxalic  acids  and  hydric  peioxi  e. 

When  ether-vapour  is  passed  over  heated  potash  ; hydrogen  marsh  gas,  and 
potassium  carbonate  are  formed,  potassium  acetate  being  probably  formed  in  the 
first  stage  of  the  reaction  ; (C2Hs)20  + 2KHO  + H.,0  - 2KC2H302  + 4H.,,  . . ^ 

Ether  enters  into  combination  with  several  metallic  chlorides  and  bromides, 
forming  crystalline  compounds ; stannic  chloride  combines  with  two  molecules 
of  ether,  forming  SnCl4(C4H10O)2 ; aluminium  bromide  forms  Al2Br  (C4H  O)2. 

Ether  is  inflamed  by  contact  with  chlorine  ; but  if  it  be  very  well  cooled,  and 
light  be  excluded,  it  yields  a series  of  substitution-products 
Monocldor ether , C4H9C10,  boiling  at  98  G. 

JDichlor  ether,  C4HRC120,  boiling  at  140°. 

Tetrach'orether,  C4H.C140,  decomposed  by  heat.  . 11; 

Ferchlorinatecl  ether,  C4Cl10O,  requiring  sunlight  for  its  formation  ; a crystalline 

body  smelling  like  camphor.  . , , .j;.  . 

408.  Metlnjlic  ether,  or  dimethyl  oxide,  CH3.O.CH3,  is  a gas  prepared  by  adding 
methyl-alcohol  (2  parts  by  weight)  to  cooled  sulphuric  acid  (3  parts)  and  beatip 
to  about  140°  C.,  keeping  up  a supply  of  methyl-alcohol,  as  in  *be  prep^ation 
of  ether.  The  reaction  is  the  same  as  in  the  preparation  of  ethcr  hjdio  eth}! 
sulphate,  or  sulphom  ethylic  acid,  CH3.HS04,  being  formed  at  and  decomposed 
by  more  methyl- alcohol.  The  gas  may  be  stoied  for  use  1 » 

cooled  H2S04,  which  dissolves  600  volumes  of  it  and  gives  it  up  again  when  mixcc 

WiMethyie-ether  is  a fragrant  gas,  condensed  by  cold  or  pressure  to  a liquid  boil- 
ing at  -210  C.,  and  used  for  producing  cold.  Water  absorbs  about  37  times  its 

volume  of  the  o'as.  It  is  inflammable.  , , 

Mdhyi-ethyl  ether,  CH,O.C2H5,  is  also  a gas  at  the  ordinary 
obtained  by  distilling  a mixture  of  methyl-alcohol  and  ethyl-alcohol  with  s 
phuric  acid.  By  cold  or  pressure  it  may  be  condensed  to  a liquid  boiling  a 
Ethers  containing  like  this,  two  alcohol  radicals  are  called  mixed  ethers. 

SS.  diprcryl  oxide,  C,HrO.C,HI.  is  obtained  by  heating  piopH 
iodide  with  potash  and  propyl-alcohol— 

C3H7I  + KHO  + C3H7.OH  = C3H7.O.CsH7  + IvI  + HOH. 

^Mah^qpifether,  CH3.O.C3H„  metameric  with  ethyl  ether,  boils  at  about  5o°- 
Etlivlpropyl  ether,  C„H5.O.C3H7,  boils  at  about  85  . 

Butyl  ether,  C4Hg.O.C4Hu,  boils  at  140°.  o 

Butyl-ethyl  ether,  C4Hn.U.C2H5,  boils  at  92  . . . or  and  boiling  at 

Cetyl  ether,  C1(iH33.O.C1(iH33,  is  a crystalline  solid,  fusing  at  55  t . , and  b 

will  be  remarked  that  the  ethers  derived  from  the  alcohols  of 
the  series  C II ,,  . „0  form  an  homologous  series  isologous  w ith 
akohoTthat^ach 'ether  is  metameric  with  the  isologous  alcohol,  and 
that  the  ethers  containing  an  odd  number  of  carbon-atoms  aie  mixe 

ethers. 


Ethers. 

Methylic 
Methyl-ethylic 
Ethylic  . 
Ethyl-propylic 
Propylic  . 


CH3.O.CH:i 


CH,,.O.C.,Hr> 

C.,H6.O.C2H6 

C.">HvO.C3H. 

C3H7.O.CsH7 


Ethylic 

Propylic 

Butylic 

Amylic 

Caproic 


Alcohols. 


C..H..OH 

C'aH..OH 

c,h;.oh 


C.H...OH 


h?u0gp“ H1S  nff'j this  body,  glycol  is  saturated 


witn  nun  gas  aim 

chloride;  CaH4(OH)2  + HCl=C *H4.OH.C  — When 

potash,  it  gives  .ethylene  converted  into  (C2H40)9Br2.  from 

ethylene  oxide  is  treated  with  ’ (OHIO  This  ethvlene  ether  is  a 

which  mercury  removes  the  bromine,  leaving  lG2n4)2u  . iam 
liquid,  boiling  at  102°  C.,  and  miscible  with  water,  alcohol,  and  ether. 
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When  sodium  ethylenate  (monosodium  glycol),  C2H4.02.HNa,  is  acted  on  by 
ethyl  iodide,  it  behaves  in  a similar  way  to  sodium  ethylate,  yielding  Nal  and 
i nonethyl  glycol  ether,  C2H4.02.HC2H5 ; when  potassium  acts  on  this,  it  displaces 
hydrogen,  forming  C2H4.02.KC2H5,  and  if  this  be  treated  with  ethyl  iodide,  it 
gives  ili-ethyl  glycol  ether,  C2H4.02.(C2Hs)2,  and  potassium  iodide. 

The  ethers  of  the  glycols  are  of  no  practical  interest. 

411.  Glycerin  ether,  CSH5.03.C,H5,  represents  glycerin,  CsH5(OH)3,  in  which  gly- 
ceryl, C311.,  has  replaced  the  three  hydrogen  atoms  of  the  hydroxyl.  It  is 
formed  when  glycerin  is  distilled  with  calcium  chloride.  It  is  a colourless 
inodorous  liquid,  boiling  at  about  170°  C.,  and  of  sp.  gr.  1.16;  it  mixes  with 
water.  Its  behaviour  with  hydriodic  acid  is  analogous  to  that  of  ethyl  ether,  for 
it  is  converted  into  glycerin  and  glyceryl  tri-iodide — 

CsH5Os.C3Hs  + 3HI  = CsHs(OH)3  + CjHjIj. 

Ethyl  glycerin  ether,  C8H5(OH),OC2H5,  di-ethyl  glycerin  ether,  C8H5.0H(0C„H5)o, 
and  tri-ethyl  glycerin  ether,  C3H.(OC.,H.)3,  have  been  obtained  by  methods  similar 
to  those  which  furnish  the  ethyl-glycol  ethers. 

Allyl  ether,  C3H5.O.C3H5,  may  be  obtained  from  allyl  alcohol,  C3H5.OH,  by  dis- 
placing the  H by  sodium  and  decomposing  the  sodium  cillylate  by  allyl  iodide  • 
C3Hs.OXa  + C3H5I  = C3H5.O.G3H5  + Nal.  It  boils  at  82°  C.,  aud  does  not  mix  with 
water ; it  smells  of  horse-radish,  and  is  found  in  small  quantity  in  oil  of  garlic. 

Methyl-allyl  ether,  CH3.O.C3H5,  obtained  from  sodium  methylate  and  allyl  iodide 
boils  at  46°  C.  J 


Ethyl-aUyl  ether,  C2H3.O.C3H5,  boils  at  64°  C. 

Propargyl  ether  has  not  been  prepared,  but  ethyl-propargyl  ether,  C.,H  O.C.II  , is 
obtained  by  the  action  of  alcoholic  potash  on  glyceryl  tribromide — " 

C3H5Br3  + 3KOH  + C..H..OH  = C2H5.O.C3H3  + 3HOH  + 3KBr. 

It  has  a peculiar  odour,  and  boils  at  80°.  Its  connexion  with  the  propargyl 
series  is  shown  by  its  giving  a precipitate  with  silver  ammonio-nitrate,  and  a 
yellow  precipitate  with  ammoniacal  cuprous  chloride : these  precipitates  are 
C2H5.O.C3H2Ag  and  C2H..O.C3II2Cu.  (See  Propargyl  alcohol,  p.  498.) 

Benzyl  ether,  C7H..O.C7H7,  is  prepared  by  distilling  benzyl  alcohol  with  boric 
oxide,  B203,  which  removes  the  elements  of  water,  2C,H7OH  - H01I  = C H .O.C.H  . 
It  is  a colourless  liquid,  not  miscible  with  water,  and  boiling  at  above  300 0 C.  By 
‘^m,?r?TTb?nzy,l  chloride>  C,H7C1,  with  sodium  methylate,  methyl-benzyl  ether, 
GH  O.C;H , has  been  obtained  ; it  boils  at  1680  C.  Ethyl-benzyl  ether,  G.H  ’.O.C  II 
bods  at  185°.  The  reaction  between  potassium  phenylate,  C-H..OK,  and  benzyl 
chloride  yields  phenyl-benzyl  ether,  C6H5.O.C  H , as  a crystalline  solid,  fusing  at 
39  C.,  and  boiling  at  287°.  0 

412.  The  ethers  are  enumerated  in  the  subjoined  table 


Ether. 

Methylic  . 
Methyl-ethylic  . 
Ethylic 

Methyl-propylic 
Ethyl-propylic 
Propjdic  . 
Ethyl-butylic  . 
Butylic 
Cetylic 
Glycol  ether 
Monethyl  glycol 
Di-ethyl  glycol 
Glycerin  . 

Ethyl  glycerin  . 

Di-ethyl  glycerin 

Tri-etliyl  glycerin 

Allyl  . 

Methyl-allyl 

Ethyl-allyl 

Ethyl-propargyl 

Benzylic  . 

Methyl-benzylic 

Ethyl-benzylic 

Phenyl-benzylic 


Formula. 
CHj.O.CH 
CH3.O.C.,H 

c2h5.o.c2h5 
ch3.o.c3h, 

02Hj.O.CsH7 
CsH7.O.C3H 

c2h5.o.c4h9 
c4h9.o.c4h9 

C18H33.0.C16H33 

c„h4.o.,.c,h. 
c2h,.o2.hc2h. 
C2H4.02.(C2HsL 
C3H5.03.C3H5  ■ 
C3H5(OH)2.O.C2H5 
C3Hr.OH'OC.,H.)„ 

c3h5.o3(c2h;)3 

C2H6.O.C3Hs 

CH3.0.C3H5 

C„Hr.O.C3H. 
C.,H,.O.C3H3 
C'7H7.O.C7H7 
ch3.o.c7h7 
c2h5.o.c7h, 

C«Hj.O.C7H, 


Boiling  point,  C.  °. 
.-21° 


. 1 1 


• 35 

• 50 

• 85 


. 86 

• 92 

. 140 

• 300 
. 102 
. 127 
. 124 
. 170 

• 230 
. 191 
. 184 


. 82 


. 46 
. 64 
. 80 


• 300 

. 168 
. 185 
. 287 
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413.  Haloid  compounds  formed  from  the  alcohols  by  the  sub- 
stitution of  A halogen  radical  for  hydroxyl. — These  are  formed 
from  the  alcohols  by  the  replacement  of  the  hydroxyl  by  one  of  the 
radicals  capable  of  forming  an  acid  with  hydrogen,  viz.,  chlorine, 
bromine,  iodine,  fluorine.  Hence  they  stand  in  the  same  relation  to 
the  alcohols  as  the  haloid  salts  of  the  alkali-metals,  such  as  NaCl,  bear  to 
the  hydroxides,  such  as  NaHO  ; but  they  are  really  bodies  of  a different 
kind,  the  halogen  element  not  behaving  in  the  same  way  as  in  the 
mineral  salts  ; thus  silver  nitrate  does  not  precipitate  the  chlorine  from 
ethyl  chloride,  CtHfi.Cl,  though  it  does  from  sodium  chloride. 

414.  Methyl  chloride,  CH3C1,  is  prepared  by  passing  HC1  gas  into  a 
boiling  solution  of  zinc  chloride  in  twice  its  weight  of  methyl  alcohol 
contained  in  a flask  connected  with  a reversed  condenser.  . The  methyl 
chloride  is  evolved  as  a gas  which  may  be  washed  with  a little  water  to 
remove  HOI,  dried  by  passing  over  calcium  chloride,  and  condensed  in 
tubes  cooled  in  a mixture  of  ice  and  calcium  chloride  crystals.  The 
final  result  is  expressed  by  the  equation  CH3.OH  + HOI  = CH3G1  + HOH. 
The  zinc  chloride  probably  acts  in  the  manner  described  at  page  549. 
Methyl  chloride  is  a gas  of  ethereal  odour,  which  is  liquefied,  by  a pxes- 
sure  of  2\  atmospheres  at  o'  0.  The  liquid  boils  at  - 23  C.  under 
atmospheric  pressure.  Four  volumes  of  the  gas  are  absorbed  by  watei, 

and  35  volumes  by  alcohol.  ...  . . 

Methyl  chloride  may  also  be  prepared  by  distilling  methyl  alcoho 
with  sodium  chloride  and  sulphuric  acid.  It  is  made  on  a large  scale, 
for  use  in  freezing  machines,  from  the  trimethylamine  obtained  by  dis- 
tilling the  refuse  of  the  beet-sugar  factories;  this  is  neutralised  with 
hydrochloric  acid,  and  heated  to  260°  C.,  when  it  is  decomposed  into 
methyl  chloride,  trimethylamine,  methylamine,  and  hydrochloric  acid  ; 
3N(CH3)3HC1=2CH3C1  + 2N(CH3)3  + NH)CH3+HC1. 

Methyi  chloride  is  very  stable  ; potash  decomposes  it  with  difficulty, 
yielding  methyl  alcohol  and  potassium  chloride.  It  is  used  in  the 
preparation  of  some  of  the  aniline  colouis. 

Ethyl  chloride,  or  hydrochloric  ether,  C,HSC1,  is  prepared  by  passing 
HC1  gas  into  a boiling  solution  of  fused  zinc  chloride  in  twice  its  weight 
of  alcohol  of  95  per  cent.,  as  directed  above  for  methyl  chloride ; 
C H .OH  + HOI  = C9H5C1  + HOH.  The  vapour  is  passed  through  a 
little  water,  then  over  calcium  chloride,  into  95  per  cent,  alcohol  kept 
cool  by  water.  The  alcohol  absorbs  half  its  weight  of  ethyl  chloride, 
which  may  be  evolved  from  it  by  gently  heating,  and  purified  by  pass- 
ing through  a little  sulphuric  acid. 

Ethyl  chloride  condenses  to  a fragrant  liquid  of  sp.  gr  0.92  and 
boiling  point  1 2°. 5 0.  It  is  sparingly  soluble  in  water.  It  burns  with 
a bright  flame  edged  with  green.  Ethyl  chloride  is  formed  when  olefiant 
a as  and  IT  Cl  are  heated  together  for  some  time. 

* Methyl  bromide,  CH.Br,  is  prepared  by  acting  upon  methyl  alcohol 
with  phosphorus  and  bromine 

5CH„OH  + Brs  + P = 5CHaBr  + P0(0H)*  + H°  ‘ 

Four  parts  of  methyl  alcohol  are  poured  on  1 part  of  red  phosphorus  in 
a well  cooled  retort  with  reversed  condenser,  and  6 parte  of  Wine  aie 
gradually  added.  After  two  or  three  hours  heat  is  applied  by  a wate 
bath,  and  the  vapour  condensed  by  a freezing  mixture.  Methy 
bromide  boils  at  4°- 5,  and  smells  hke  chloroform. 
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Ethyl  bromide,  or  hydrobromic  ether , CJLBr,  may  be  m-enared  lito 
me  romide,  using  16  parts  of  absolute  alcohol,  4 parts  of  rerl 
phosphorus  and  10  parts  of  bromine.  It  is  a liquid  boiling  at\o“  V 
Methyl  iodide,  CH  I,  is  prepared  on  the  same  principle  as  the  bromide 
10  parts  of  iodine  being  dissolved  in  4 parts*  of  methyl  alcoM  ^ 
1 part  of  iecl  phosphorus  added  in  small  portions.  Afte/ heating ’in  •, 
water-bath  for  some  time,  the  mixture  is  distilled.  The  methvHodide 

“SwbS  5T°f  t <Us*illate;  » • Peasant 

kept,  it  becomes  hvoL  t 7-hen 

St  dyes.  ’ S 1(1  ,n‘°  °H‘-  Methd  Mide  is  used  inmakiug 

of  absoLtAfcoho/'on'  Tplrf  of  rid ' ’ph«?h  I*md-  ^ P°U1'illg  5 P8*1® 

18  ff'rt”'™1  by  Water-  but  readily  by  Xk'ot  aid  e£  ' 

- 

potassium  sulphoiSylate  KCH  g°otain®d.by  he^tin? ,Potassium  fluoride  with 
fluoric  acid.  7 6’ JvOHsSOr  Ifc  18  combustible,  and  produces  hydro- 

®tJlyJruU0^e  has  n0t  been  examined. 

Jieltl  haloid  compounds  hi  which  Sttefonr^boft  o?tl  tW°  hy<lt?1'rl  =ronPs. 

te-aSi  aaa 

r,  . C2H4(OH)2  + II Cl  = C.,H,(OH)Cl  V IIOH 

with  water.61  °*  ! * easily 

Mil  , C2H4(0H)C1  + H2  = C2HsOH  + HC1. 

acid  on°eSe0norid!  ^ ^ aCti°n  °f  ^ohromic 

distilling  it  wiat^os”h<^^hlOTi&X^H4C1^,  “ay  be  obtained  from  glycol  by 

ilo  i fr  *"  - *y 
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2 parts  MnO.„  3 parts  NaCl,  4 parts  water,  and  5 parts  H SO  till  the  black 
MnO„  has  disappeared,  when  ethene  dichloride  may  be  distilled  oft,  accompanied, 
if  coal  gas  be  used,  by  propene  dicliloride  in  small  quantity. 

Ethene  dichloride  smells  rather  like  chloroform  ; its  sp.  gr.  is  1 28,  and  it  boi  s 
at  83°. 5 C. ; it  is  nearly  insoluble  in  water,  but  dissolves  111  ale  oho  . 

Ethene  dibromide,  C,H4Br„  is  prepared  by  filling  a Winchester  quart  bottie  ' with 
oleftant  eas,  introducing  150  grammes  of  bromine  and  an  equal  \olume.of  wa  , 
inserting  a cork  with  a tube  passing  nearly  to  the  bottom,  and  passing  m olefian 
o-as,  with  frequent  agitation,  till  the  bromine  is  nearly  decolorised  ike  product 
Ls  shaken  with  a little  weak  soda  solution,  the  lower  ayer  separated,  dried  with 
calcium  chloride,  and  distilled.  It  resembles  the  dichlonde,  but  its  sp.  gr.  is  2.16, 

^Ediene^ifodtde,  Q,H4I„  obtained  by  heating  iodine  in  oiefiant  gas  forms  sitty 
needles,  which  may  be  sublimed  in  the  gas,  but  are  easily  decomposed  into 

°2The  difference  in  the  stability  of  ethene  chloride,  bromide,  and  iodide  is  shown 
by  the  action  of  alcoholic  solution  of  potash,  which  converts 
into  monocldorethene,  or  vinyl  chloride;  C.,H4C12  + RH0-C2H3C1  + I _ + , , . 

the  dibromide  yields,  in  addition  to  the  vinyl  bromide,  a quantity  of  acetylene , 

, C.,H  Br„  + 2KHO  = C2H2  + 2KBr  + HzO  ; and  the  di-iodide  is  much  more  easilj 
dpcnmnosed  a'ivine  very  little  vinyl  iodide  and  much  acetylene. 
^°S°»edSodufc,  UH.L,  may  be  obtained  by  heating  iodoform  rnth  strong 
hydriodio  acid,  in  a sealed  tube,  to  about  130  C.,  for  some  hours,  CHI.  + H 
CHI  +1,.  It  is  a liquid  remarkable  for  its  high  specific  gravity,  3-34S> 
used  for  determining  the  specific  gravities  of  precious  stones.  It  boils  at 

I&ai6'  The  trihydric  alcohols,  or  glycerins,  which  contain  three  hydroxyl  groups, 
yield  haloid  compounds  in  which  one,  two,  or  three  of  these  are  replacedby 
halogen;  thus,  glycerin,  C3H5lOH)  yields  zmonochlorhydrin,  C3H5(0H)2C1,  a 

tfd  ethereal  solution,  the 

XhySff  comes  ^^i  at  alout  227°  C„  which  is  Its  boiling  point,  whilst  the 
dSS^in  boils  it  174°,  and  is  collected  first  They  are  liquids ; header -than 
w-il-ev  in  which  monochlorhydrin  is  more  soluble  than  dichlorhydrm.  they  aie 
both  soluble  in  alcohol  and  ether.  Potash  converts  dichlorhydrm  into  epiclilo,  - 

7 ^TrickorhySki!’  or  glyceryl  trichloride,  or  allyl  trichloride,  is  obtained  by  the  action 
of  phosphoric + HC1  + CsH5C1s.  . 

It  is  a liquid  of  pleasant  smell,  sp.gr.  1.42,  and  boiling  at  i58j  0.  It  is  sparingly 

^BTOmine'yidds  bromhydrins  resembling  those  formed  by  chlorine  but  the 
tribromhydrln,  C3H5Br3,  is  a crystalline  solid.  The  iodine  compound  cone. 4 

to  this  does  not  appear  capable  of  existing.  obtained  bv  distilling  allyl 

Haloid  allyl  compounds. -Allyl  chloride  C3H/^  PC1C  H C1 + HCi  + POOL  It 
alcohol  with  Phosphorus » in  water. 

k^^Zns^^d/may  be^reparedby  distilling  altyl  ^cohol  P^ss”^1  Q^^m- 

btam?&TmtoX?orm  C,H.Br„  and  with  hydrobtomio 

acid  to  form  C.H,Brs,  trimethene  dibromide. 


The  distilled  liquid  is  washed  wnm  a I +14011), ; 

bably  glyceryl  tri-iodide  is  tot  produced  C I^OH ^ 
the  tri-iodide  is  then  decomposed  mt  boi3u  * pointioPC?  It  is  remarkable  for 

pungent odo^  of  leeks^sp.  g ^ .85.  al(J^lic  solution,  to  form  mercury  allyl 

•T;1 ’“JSf  H I deposited  in  colourless  crystals,  which  become  yellow  m light, 
iodide,  HgC3H5I,  deposit*  treated  with  iodine.  Ag.,0,  in  presence  of  H,0, 

replSel  tSCHoTreducing  HgO,H,.HO  mmn<m  an  alkahnc 

b?aso  Bromine  converts  allyl  iodide  into  tnbromhydnn,  C,H,Brr 
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417.  Haloid  propargyl  compounds, — Pronarnvl  chloridr  C it  n • , , . 

acting  on  propargyl  alcohol  with  phosphoras'diloricle—  ’ 3 *,C1,  obtamed  bY 

CaHs.OH  + PC13  = CSHSC1  + POC1  + HC1. 
is  a crj°sTa\hAeSs°oblicLned  & Slmilar  way  ; both  these  are  liquids,  but  the  iodide 

I'”''’*’  9>H  A may  be  obtained  from  bentyl 
by  passing  chlorine  into  ? f f °nc  chloride,  but  it  is  usually  prepared 

C,IL  + ci.,  = C H Cl  + HC,  Tf  hJ!P,  7"/? 111  -a  .retort  with  inverted  condenser  • 
bromide  resembles  it,  but  boils  at  201  ^ 7 The  iorb?g  te“'"®f.citing  vapours.  The 
Cinnamyl,  or  styri/l  chloridr  hmml,  o 1 .10^.lde  G1TStallises,  but  is  unstable. 
andHdac “*  ^ HC1-  «U* 

terine  “it  cn-U ^““aS^^eldlel *°  *°*l“  °f  •*"■»  HC1  « <**► 

d/c/iA^%rfnX(lC44H^6l^4c/0a^cn's^isaMf  IVth  HC]>  fields  erythrite 

chloride,  the  ery'hrUe  l&KiK’S  b K Bj\  employing  phosphoric 
Mannite  (p  400)  C H S^Cl,,  has  been  obtained. 

<h-in,  C H (OHLC?„.  a crS  ine  bodt  7 7°^  HC1,  yieIds  mannit*  dichlorhy- 
other.  Tue  "'T',’  -f"*  “ in  “'“l'”1  ” 

pounds.  0 le  ls  insoluble.  Dulcite  gives  similar  com- 

T,ot't  Hy“ro0r  mZ!,F?“D  rEo>i  ™e  acids  By  ™e 

.h  thepreceX^dl  lmve  ;,  H™“™—These  bodies,  like  those 

pounds;  thus,  'S!^1?,^0,,8  inorfanic  «•»- 

obtain  nitroxyl  chloride  NO  01  • -ni  l ’ ' , • e i eplaeed  by  01,  we 

similar  exchange  gives  acetyl  chloride,  CIH  CO  Cl  ^ ’ 'H»OOOH,  “ 

*»»*  «id,  and, 

ZZ%™  “d  CO,  £%£* 

StStM  by 


419. 


are  gradually  added  to  2 Darts  ot  faltb,  b->"  wei?,'ti  of  glacial  acetic  acid 

the  U,^  r™tel&P  CS  !rde’  ^ °”]-  “■» 
over  fused  sodium  acet-rie  tn  ‘ ' d e pistillate  may  be  rectified 

Acetyl  chloS  1 a Z 21°^.  an7  Phf  Phorus  trichloride, 
an  irritating  odour  • its  sp  7 7 lquiL  ’ ^ch  fllmes  in  air,  and  has 
decomposes  it  with'  violence  yielding  71  ^ n°1S  at  55°  Water 

OH3.OO.Ci  + HOH  = OH  COOH + HC1 3,  and  ace^ic  acid«i 

stead  of  water  ethvl  dLn/  • , ' 7 alcohol  be  employed  in- 

ch,.co.oc  ip  V nci  Tht  ^ pi;0(luced  4 ch,co.ci  + c2h,oh= 

most  useful  reagent  for  dT  m?de°5  reactl0n  renders  acetyl  chioride  a 
Some  ot7r  S T dlscovennS  constitution  of  alcohols. 

between  cbloride’  Such  as  that 

(ri,H,0).0  + PCI  J,G  h 001  Tpr!  nM<  e^  wd  phospllonc  chl°ride; 
chloride  and  sodium  acetate—  PC  a0,  ^ between  Phosphorus  oxy- 


PC130 


c2h3oci  + 


H,  = 


CjHaOH  + 


HC1. 
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Acetyl  bromide,  CH,.CO.Br,  is  prepared  by  distilling  acetic  acid  with  bromine 
and  phosphorus  ; it  resembles  the  chloride,  but  boils  at  81  C.,  and  becomes  jellow 

when  kept.  , . 

Acetyl  iodide,  CH,.CO.I,  is  less  stable,  and  is  prepared  by  distilling  acetic 

anhydride  with  iodine.  - 

The  haloid  compounds  formed  from  the  higher  members  of  the  acetic  series  oL 
acids  are  prepared  in  a similar  manner,  and  generally  resemble  those  of  acetyl, 

but  have  higher  boiling  iioints.  ...  . 

Benzoyl  chloride,  or  benzoic  chloride,  C.H..CO.C1  is  Prepared  by  distilling  benzoic 
acid  with  phosphoric  chloride;  ChH5.CO.OH  + PC15-  POCl3  + L.HCO.Cl.  It  is  a 
pungent  smelling  liquid,  of  sp.  gr.  1 . 1 1 , and  boiling  point  1 99  C.  it  is  decomposed 
by  water,  but  more  slowly  than  acetyl  chloride,  yielding  benzoic  and  hydi  ochlonc 
acids  It  may  also  be  obtained  by  the  action  of  chlorine  on  bitter-almond  oil 
(benzoic  aldehyd) ; CJIvCO.H  + C12=CuH5.CO.C1  + HC1.  The  benzoic  bromide  and 
iodide  may  be  obtained  by  heating  the  chloride  with  KBr  or  Kl. 

Cinnamic  chloride,  CsHrCO.Cl,  obtained  like  the  preceding,  is  an  oily  liquid 

boiling  at  260°  C.  , , . n 1 ..1, 

Lactnl  chloride,  C.,H1.C1.C0.C1,  is  formed  when  lactic  acid  is  heated  with 
phosphoric  chloride  ; C.,H4.HO.CO.OH  + 2PCI,  = C2HrCl.CO '.Cl  + 2POCI3  + 2HCI. 

It  is  easily  decomposed  by  water,  yielding  hydrochloric  and  chloropropwmc  acids  , 

C2H.C1.C6.C1  + H0H  = C.,H4C1.C0.0H  + H01. 

Salicylic  chloride,  C,H4C1.C0.C1,  produced  in  a similar  way  from  salicylic  acid, 
yields  chlorobenzoic  acid  when  decomposed  by  water;  C„H401.LOLI  + tluli- 

C.,H4(C0C1)2,  is  obtained  by  distilling  succinic  acid  with 
phosphoric  chloride  ; C2H4(CO.  OH)2  + 2PC1S  = C2H4(C0C1)2  + 2POCl3  + ^1.  It  is 
a fuming  liquid, _ of  sp.  gr.  1.39,  boiling  at  190  C.  TV  ith  watei,  it  yields  hy 

ChFumaril,  H2(C0.C1)2,  is  the  product  of  the  distillation  of  fuma ric 

acid  C„H„(CO.OH).„  and  of  its  isomeride,  malanc  acid  with  phosphoric  chlonde 
It  boils  at  160°  C.  'Malic  acid  also  yields  fnmaryl  ^chloride  lth 

nhosnhoric  chloride ; C„H3.OH(CO.OH)2+3PC15=02H2(CO.C1)2+3POG1s  + 4HL1. 

1 Tartaric  acid  C H (OH).,(CO.OH)„,  heated  with  phosphoric  chloride,  is  converted 
Jo S SU? Vci(6°.Cl),  an  oily  liquid  which  yield,  crystals  of 
■chloronudceic  acid,  C2HC1(C0.0H)2,  when  decomposed  by  water 

Pldhalyl  dichloride,  C0H4(CO.C1)2,  is  obtained  by  distdlmg  phthalic  amd, 

0 H (C(hOH).„  with  phosphoric  chloride.  It  is  a yellow  oil}  Hquid,  boi  c- 
about  2700  C.'  It  is  more  stable  than  most  other  compounds  of  this  class , l e 
slowly  decomposed  by  water  into  hydrochloric  and  plitlialic  acids.  Even  soluti 
of  NaHO  only  slowly  decomposes  it. 

tqg  Ethereal  salts  formed  from  acids  by  the  substitution  01 
AN  ALCOHOL  radical  for  basylous  hydrogen.— These  compounds  (some- 
times termed  esters ) are  numerous  and  important  and  correspond  m 
composition  to  the  salts  formed  by  the  substitution  of  metals  for 
hydrogen  in  the  acids.  They  may  be  formed  from  inorganic  as  well  as 

fr°The  ethereal  salts  exhibit  a resemblance  to  the  metallic  salts  m beinjJ 
decomposed  by  the  hydroxides  of  the  alkali- metals,  with  formation  of 
the  alcohol  corresponding  to  the  radical  of  the  ethereal  salt,  am  _ 
salt  of  the  alkali-metal ; thus,  ethyl  acetate,  heated  with  potash,  v ie  c 

■ethyl  alcohol  and  potassium  acetate— 

^ CHa.C02C„H6  + KHO  = C.,HvHO  + CHs.C02K. 

A reaction  of  this  kind  is  termed  the  sccponific,, turn  of  the  ’ 

because  the  formation  of  soap  is  effected  111  a similar  way  by  the  ai  t 
SSfaoa  the  fats  and*  oils,  which  are  ethereal  salts  formed  b) 
glycerin  with  the  higher  members  of  the  acetic  series  of  acids. 

o J _.-»/•  7.. 7 . „nu7 TT'ii/lvrmiplIi  i/L  S 


«*•  E‘iral  Tm 

r,  “ong  sulphm-ic'acid  U weights) ; the  nurture,  which  becomes  hot. 

' ® - • -1  • Tionfrfl  MSPfl  WIT. 


or 


(i  weight)  to  strong  sulphuric  Mia  (2 . vv  eigm», ^ barhnn  c’arbonate,  which  pre- 

«« » '™'"  s,"phnte'  leavi"s  lariu’"  ’"h 
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AereactL’; 

CHs.OH  + H2S04  = CH3HS04  + HOH, 

^ss,::i^— ir  % zswi£s£ the  rr 

sulphuric  acid  and  dimethyl  sulphatef  20H,HSoP%H ')  SO 

rR  nwa  w\n  glVGS  sulPhuric  acid  and  methyl  alcohol* • (JH  HSO^’d-  Mni^ 
CH.OH  + HSO  Heated  with  methyl  alcohol,  ltTgi4rS,jlS£??<  + H0H  = 

Heated  with  alcohol,  it  gives  metoylmtbyl  iSher— °H'  + H'lS0<- 
, . CH3HS04  + C,,H5.OH  = CH3.O.C.,H  + PI  SO 

-*»  - ‘ 

well-cool^6  d5oromd^ionic0^id  • ^Cil  oT+^IHOSo’  Siad„“a,1>’  ^ to 

portion  which  distits  at  1 To“  O i t " ? a°d  dl$tllbng  the  mixture.  The 

her  CaCI,  Much  ot  t!il  CH  tho  ,0'ver  rectified 

A better  result  is  obtained  by"  distdlino-  « /Y'1’  TuT®n  up.  in  this  process. 

diminished  pressure.  The  dimethyl  sulnliate  i^r^T7?0  acid  at  r30°  under 
1.32,  and  boiling-  uoint  rSS°  r ? su]Phate  is  a liquid  of  peculiar  odour,  sp.  gr 

posed,  yieldi^-Kyl llcohol  and  fulohom'S?1?  *"  W“e\tat  «•  ^ decam- 
resemble  those  of  inorganic  salts  • thnJiYTTfo10)  ac,d'  Man3'  of  its  reactions 
chloride,  CH3C1,  and  S WitWH  distilled  with  NaCl,  it  yields  methyl 

andNaio.,.  J ‘ °4'  'V lth  sodlum  fo™ate  it  gives  methyl  formate 

iMphethylic  or  ethyUulnhwric  or  sidvhovinir  arid  tip  tt  • 
way  as  sulphomethylic  acid  emnloyinr--  ,.,,,,-11  ’ 1S  PrePared  in  the  same 

acid.  It  is' a viscid^ liquid,  0t  alcobo1  «nd  sulphuric 

methylic  acid.  The  sulphethvlates  are  cni,1ma°peilies  aad  reactions  to  sulpho- 
Th e potassium  sulphethylate,  KC  H SO  * obtained  h-YY  easilY  crystallisable  salts, 
with  K2C03,  is  much  employed  for  the  „ 7 dfcompodng  the  calcium  salt 

decomposition.  Calcium  sllphethylate  CafC  H sm  °l A®  ^ W SaltS  by  double 
adding  strong  rectified  spirit  to  twice ’its  S°  f Aq’ 1S  obtained  by  gradually 
to  the  boiling  point,  cooling  dS  stro?S  su]Phuric  acid,  heating 

the  calcium  sulphate  produced  by  the^in  ^m  ?^’  Y?  neutralising  with  chalk, 
and  the  liquid  a swZth  tK  ^ ““  iS  strained  off’ 

barium  and  lead  sulphethylates  also  crystnlliliT  apstalllses  on  cooling.  The 
Ag-C2HsS04.Aq,  is  soluble  in  u^for  4°dCShdiSe  With*  2Aq-  Siher  Ethylate, 

C2H4-f H2S04  = HC 2H5SOft0rmed WheQ  °Iefiant  gas  is  absorbed  by  sulphuric  acid; 

and  silvef sulphate  if  defied’  tlfoTaT  150°  a-?®  reaCtion  between  ethyl  iodide 
ti  . . 20.,HsI  + Ag2S04  = 2AgI  4.  (c  IT  'i 

with  tafofanVis ' '^arcely^lfcon  l8'-  n boili.n&  P°iat  *0'8°  Jt  does  not  mix 
alcohol  and  sulphethylic  acid  Heated  alone  Tt  fT  C°ld  ’ °n  b?ating»  it  yields 
sulphuric  acid  ; (C2H5)2S04  = + H..SO  ’ * ls  decomposed  into  ethene  and 

ether  fs03T(cjH3)!TJ(C2H°  ba°btained  ^passing  vapour  of  S03  into  well-cooled 
preparation  of  ether,  forming- the  bnii  ^ obtained  as  a secondary  product  in  the 
Kuk.lu.mjUc  or  oil 

sulphuric  acid  upon  amyl  alcohol  • it  i 5-  1S  foimed  by  the  action  of  strono- 

4J2.  Ethyl  nitrate,  0 H No"  f P1'0^  *»  rulphetfcjrlio  ac7dS 

"nth  nitric  acid  carefully  purified  from  mdrnnTf  pf  par,ed  bJ  actmg  upon  alcohol 
Pare  it  on  a large  scale,  from  the  danSr TfT  T° -d'  T 18  not  advisable  to  pre- 
sp.  gr.  1.4  are  heated  on  a steam-bath°  and^ibTuT^T'neT0/™8'  °-f  nitric  acid  of 
decompose  any  nitrous  acid.  After  a Se,  th!  45x?LeTs  Tel?  cToLTfnd 
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15  grins,  more  urea  nitrate  are  added,  followed  by  60  grins,  of  alcohol  of 
sp.  gr.  0.81.  The  mixture  is  carefully  distilled  on  a steam -bath,  the  product 
being  collected  in  fractions,  of  which  the  first  is  chiefly  weak  alcohol.  The  nitric 
ether  is  separated  from  the  alcohol  in  the  distillate  by  addition  of  water,  shaken 
with  addition  of  a very  little  potash,  the  lower  layer  separated,  allowed  to  stand 
over  fused  calcium  chloride,  and  distilled.  The  reaction  between  the  alcohol  and 
the  nitric  acid  is  C.,H5.OH  + HN03  = C,H5.NOs  + HOH.  The  decomposition  of  the 
nitrous  acid  by  the  urea  is  expressed  by  2HN02+C0(NH2)2=C02  + N4+3H20. 
When  alcohol  is  mixed  with  ordinary  nitric  acid  containing  nitrous  acid,  the 
latter  oxidises  the  alcohol  to  aldehyd  and  other  products,  which  act  upon  the 
nitric  acid  in  a very  violent  and  sometimes  explosive  manner  ; but  when  urea  is 
present,  the  nitrous  acid  acts  on  this  instead  of  on  the  alcohol,  and  ethyl  nitrate 

is  tranquilly  produced.  . 

Ethyl  nitrate  has  a very  pleasant  smell,  and  sp.  gr.  1.1  ; it  boils  at  bo  O.,  ana 
its  vapour  explodes  when  heated,  from  the  sudden  disengagement  of  H„0  and 
CO„.  Water  dissolves  it  very  sparingly.  Alcoholic  solution  of  potash  converts  it 

into  KNO,  and  alcohol.  . 

Ethyl  nitrite , C2H5NO„,  is  the  chief  product  of  the  action  of  nitric  acid  upon 
alcohol,  until  it  becomes  very  violent,  the  nitric  radical  NOs  being  reduced  to  the 
nitrous  radical  N02  by  the  conversion  of  part  of  the  alcohol  into  aldehyd.  To 
prepare  pure  ethyl  “nitrite,  100  c.c.  of  solution  containing  46  grms.  of  potassium 
nitrite  are  mixed  with  50  c.c.  of  alcohol,  and  the  solution  is  allowed  to  run  slowly 
into  a cooled  mixture  of  50  c.c.  of  alcohol,  100  c.c.  of  water,  and  75  grms.  of  sul- 
phuric acid.  The  ethyl  nitrite  is  distilled  over  by  the  heat  of  reaction,  and  is 
condensed  by  ice.  It  is  purified  by  shaking  with  a little  dry  potassium  car- 

Ethyl  nitrite  is  much  lighter  and  more  volatile  than  the  nitrate,  its  sp.  gi. 
being  o.o,  and  its  boiling  point  170  C.  It  has  a yellowish  colour,  and  a pleasant 
odour  of  apples.  Like  many  other  nitrous  and  nitric  ethereal  salts,  it  may  be 
preserved  unchanged  if  perfectly  pure,  but  if  water  or  other  impurities  be  pre- 
sent, it  decomposes,  becoming  acid,  evolving  red  vapours,  and  bursting  the 
bottle.  Alcoholic  potash  converts  it  into  KN02  and  alcohol. 

Ethvl  nitrite  is  sometimes  prepared  by  passing,  into  a mixture  of  2 parts  °5  Per 
cent,  alcohol  and  1 part  of  water,  kept  very  cool,  the  N203  obtained  by  heating 
1 part  of  starch  with  10  parts  of  nitric  acid  of  sp.  gr.  1.32.  Much  heat  is  evolved, 
and  the  receiver  must  be  cooled  in  ice.  The.  reaction  is  202H50H  + * , s 
H O + 2C  H NO„.  The  N„0,  may  be  generated  in  contact  with  the  alcohol  bj  a 
due  proportion  of  nitric  acid  and  metallic  copper  ; this  is  done  in  preparing  the 
sviritus  cetheris  nitrosi,  or  sweet  spirit  of  nitre,  used  in  medicine  ; this  is  made  by 
carefully  addins:  2 measured  ounces  of  sulphuric  acid  to  a pint  of  rectified  spin  , 
slowlv  adding  ai  measured  ounces  of  nitric  acid  to  the  cooled  mixture,  pouring  it 
upon' 2 ounces  of  fine  copper  wire  in  a retort  with  a good  condenser,  and  distilling 
between  77°  C.  and  So°,  until  12  measured  ounces  have  distilled.  Half  an  ounce 
more  nitric  acid  is  then  poured  into  the  retort,  and  three  more  ounces  distilled 
over  ■ the  distillate  is  then  mixed  with  two  pints  of  rectified  spirit.  Hence  the 
sweet  spirit  of  nitre  consists  chiefly  of  spirit  of  wine,  holding  111  solution  ethyl 
nTtrite  aldehyd,  and  some  other  products  of  the  reaction.  The  proportion  of 
ethyl  nitrite  present  varies  greatly,  according  to  the  efficiency  of  the  condenser 
j ess  is  found  in  old  samples,  in  consequence  of  volatilisation  and  chemical 
change  The  presence  of  aldehyd  is  shown  by  the  brown  colour  (aldehyd-resin) 
which  it  gives  when  shaken  with  alcoholic  potash.  N eglecting  secondary  changes, 
the  formation  of  the  ethyl  nitrite , i, . the  above  process  may  he  represented  by 

^?W+Scl^O,+^"^S^£*^knd-at.  It  may  be  pro- 
dnS  ? om  methjKShS  by  "methods  similar  to  those  need  for  ethyl  nitnte. 
an.  n kroner  nitric  acid  acts  upon  the  alkaloid  brucine. 

Ifc  m OH  NO  &is  a dangerously  explosive  body  prepared  like  ethyl 

nitS?  s ?p ’Sr  if.  .’8,  and  it  bSls  at  66’  C.‘  It  detonates  under  the  hammer, 
nitrate.  Its i sp.  g ’ aniiine  dyes,  but  it  caused  several  accidents. 

K Nitro  ethane  and  nitro-methane  are  bodies  having  the  same  composition  as 
423.  A nifrites  but  with  properties  which  show  them  to  be  nitro- 

ethyl  and  methyl  n > l titution  0f  ]sm  for  H in  paraffin  hydrocarbons. 

paraffins  ox  P^duots  of  th« i sub  itt^s  from  tke  substitution  of  N02  for  H in 
I bus  nitro-ethane,  C2(  5.  C,N0 ..m.  is  derived  in  a similar  way  from 


ethane,  C2H„ 
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^ fOTmed  WhGn  Cthyl  i0dkle  and  methyl  iodide  are  acted 

424  .'Amyl  nitrite,  CsHnN02,  maybe  prepared  by  distilling  amyl  alcohol  with 
potassium  nitrite  and  sulphuric  acid,  or  by  passing  N„03  into  amyl  alcohol-  t il 
a yellow  liquid  of  sp.  gr.  0.9,  and  boiling  point  99°  C.  ' It  lias  a remarkable  smlll 
and  the  peculiar  effect  of  its  vapour  when  inhaled  has  led  to  its  employment  in 
mec heme  The  vapour  of  amyl  nitrite  explodes  when  heated.  P 3 111 

The  ethereal  salts  formed  by  phosphoric  acid  have  no  practical  interest  When 
phosphoric  anhydride  is  acted  on  by  alcohol  vapour,  it  deliquesces  ami  yieWs  a 
mixture  of  pliospho-monethylic  acid,  H2C2H5P04,  phospho-dietlwlic  acid  HfC  H ) PO 
and  tn-ethylic phosphate,  (C.,H5)3PO . J ’ ue 

Eilujl  arsemte,  (C2H,) 8As03,  is  obtained  by  the  reaction  between  sodium  ethvlate 
and  arsemous  chloride:  rC  M ONa-  Asfl  - fC'  u a ion  7 

122  and  boils  at  r \vL+  i 1 As'-  J3  (y2H5)sA-s03  + 3NaCl.  It  hassp.gr. 
1.22,  ana  noils  at  166  C.  \\  ater  decomposes  it  according  to  the  equation—1  * 

2(C2Hs)3As03  + 3H20  = 6C2H5OH  + As.,0,. 

Ethyl  borate,  (C2H5)3B03,  or  boric  ether,  is  produced  by  the  action  of  P O rm 
. alcohol  under  pressure.  It  has  the  sp.  gr.  0.8,  and  boils  at  120°  O tL  - 3 
burns  with  a green  flame.  It  is  deposed  b3-  wSer  Sto^Scohol^C 

chloride  withS^  STO  +ThC^  H haTlP°SiDg  SiHciC 

andbons  at  rbrc,  Its  ^pJuf  burns 

biO.,  Moist  air  slowly  decomposes  it  into  alcohol  and  a hard  mass  of  silicic  Jqf 
If  the  alcohol  used  111  preparing  it  contains  any  water,  di-ethyl  silicate  (C  H I 9?n' 
is  formed,  which  boils  at  350“  C.  ; SiCl  + 2C  II  OH  1 H o - to 
As  might  be  expected  from  the  chemical  tendencies  of  silicon  sevt25i°s+4HiC  ‘ 
silicates  and  chlorosilicates  ot  ethyl  have  been  obSed.  ’ *"“l 

H C°(  ortlwcarhoJiic  acid,  s°o  called  because  it>‘iSlydb2I>^^n1SSS,S(l8r 
a«  “e  caadnvaleiit  0 Is  united  to  font  univalent  HO  cto™  ^0)l 

MSl,ltS  fr0m  **“  of  sodium  on  an 

It  boils  a^a4CA0H  + Na‘  - (WW  + 3NaCl  + NaNO,  + H„ 

hIcte“?onT' 

chlorine,  it  yields percklorethyl  carbonate  (C  Cl  1 00  •>  ,.n.cf,)lr  ' Acted  on  by 
Potassium  carbethylate,  or  carbovinate  K( ' i-r  On  ; 3’  f stalln]e  solid, 
into  a solution  of  HKO  in  absolute  ..l/.’nh  i\.  iCP3'  ls>, Pr°^uc®^  when  C02  is  passed 

ether-' wat” 

Met/i  rnude  * PIC'f V C H ' 7s 2 t0  number  of  ethereal  salts. 

sium  sulphomethylate  ;*  Hcb,Na + KCH  SO  P°taS‘ 

with  acetic  acid  CH  PO  tt  t^x  3 y*  KNao04.  It  is  isomeric 

bo  replaced ^y  chlor^M.^yieldinff ^C1 CO^ CCfl  "Tt  f h^en  ^ 

composed  by  heat  into  2fWl  nogi 010  which  is  de- 

sotette  5JSS"  *»  P- 
ir,7  7 CH3OH  + HC02H  = HCO..CH  + HOH 

{-SSLsrsa  ssssair.  aIcoho1  «•* «* 

boiling  at  q6°  C Unlike  mnd-  itu  1S  ,a  :fiaS1.;illfc  liquid,  lighter  than  water,  and 
constituent of  ciude  woodSi SS'  “ «*«  It  U a 

with  propionic  acid,  CJl.  C'i  t,H  “h  1 ecompose  ]t  easily.  It  is  metaineric 
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Methyl  oxalate , (C0.2)2(CH3)2,  is  obtained  by  distilling  an 

fflass^arsis 

— 1"  is  a 

SS-ss^SSSfeS^ 

Sopors  O?  alcohol  and  oxalic  acid  with  glycerin  for  some  time  in  a retort  wrth 
a reversed  condenser,  and  distilling  the  product  (see  p.  509). 

S’Sfes^sr 

tilled.  Its  production  is  expressed  by  the  leaction 

C H .OH  + H2S04  + CH3.CO.,Na  = CH3.C02.C2H5  + NaHSO  + HOH. 

It  may  also  be  prepared  by  allowing  a mixture  of  alcohol  and  acetic  acic  o 
into  sulphuric  acid  heated  to  130°  0.  (see  p.  547)-  and 

Ethyl  acetate  is  a fragrant  hq md  smdljng  > ke  mder  . “te  to  dissolve  it, 
boils  at  72°  C.  It  requires  about  ele\  en  times  its  weigi 
and  the  solution  slowly  decomposes  into  acetic  acid  and  alcohol 
C.,H5.C2H302  + H20  = HC2H302  + C2H5.OH. 


It  mixes  readily  with  alcdhk  tto 

ing.  In  chemical  research  it  is  a 1 alual  o > ' qq  q qj  which  smells 
acids,  . Chlorine  convert,  it  nSSSfe&er  give  ethyl 


ine  converts  it  into  perclUoracetic  emei , crvi3.^^2  5-  thyl 

like  chloral.  Iodine  and  aluminium  acting  together  upon  acetic  ether  give  ethyl 

iodide  and  aluminium  acetate-  = 60  H#I  + A12(C2H302)6. 

Caustic  alkalies,  espe^aHy  ace^a^es 

unpleasant  odour.  /r  tt  oi  CO  C H , is  acetic  ether  in 

Ethyl  aceto-acetate,  or  ^ ^^(y  gfc^  cplaced  by  acetyl, 

which  one  atom  of  H m ' the  : methyl  8'°“?'^™^^.  treating  the 
(C„H30),  and  is  prepared  by  acting “ na  distilling  the  light  oil  which 
product  "^lAtSVdirtihowi'at  about  i8o"0.  The  first  action  of  sodium  upon 

The  sodinmtee  |en *****  mom  £ 

Sg^ri-Sfe molecuii  of  acetVetber,  ’exchanges  hydrogen  for  acetyl,  and 

becomes  »odimncet^f.c^  o oc>h,  _ WOjHio)NaO.<Xyi.  + HO.CXH, 

When'sodio.acct-acetlo  etberjs  decomposed  by  acetic  acid,  it  y.elds  sodium 

acetate  and  acet-acetic  ether  - NaC  H 0.  + C.,H(C.,H30)H0.0C2H5.  , 

02H(CsHjO)NaO.Ot  2 5 + s **  tly  decomposed  by  distillation,  unless 
Acet-acetic  ether  smells  of  hay.  1;  ■ .^g  apcadeS)  0r  with  water  under 

^eltTce  Je%cohoi;  and  C02 ; ’c^O^HOOC^  H20  = 


pressure,  it  yields  ^t  gives  a violet  colour  with  ferric  chloride. 

-e  may  obtain  di-ethyl  acet-acetic  ether; 

C2(C21I30)(C,H5),0.0C2Hv 
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01 ?“et,‘°s  3£5JL5S£y^(cW  mcST* is 

Acet-acetic  sfcliGr  will  Ijg  sppn  liprpn'Ffor*  fr»  2 3 

synthesis  of  acids  and  ketones.  Very  lmP°rtant  reagent  for  the 

OHO  CO  P3SSe<1  thr0ngl1  a red'hot  tube,  it  yields 

It  is  ^cb^e7by&?o°fek  S bT?,  T**  S?‘?Me 
to  the  equation  C,H,0,  0 = CO  + CH^oX?1  “ |kalie,s  wording 

withv^Si^teg 

S$gK  S'  &S°SrWeil  b'''  butyric 

which  it  resembles  in  odour.  It  is  usually  sohl  ZZZ  °\  ’ °r  e,5Se”ce  °/ P™eapple, 
water  precipitates  it.  The  mixture  of  bn  twin  ° ia  alcohol,  from  which 
by  decomposing  butter  with  superheated  steam  ifu^ed  ftS  homol°gues>  obtained 
Ethyl  pelargonate,  or  pelargonllther  C H CO  C H Z ifc‘ 

od  of  rue  (p.  503),  is  used  in  flavouring  under  the  nanm’rff 1 P?red  f,rom  essential 
to  be  present  in  the  fruit.  name  of  quince  od,  and  appears 

Ethyl  cuprate,  or  cupric  ether  C H CD  c Tr  p , 
because  it  is  found  in  old  wine  It  is  mS’bv  awT  7 Called  mnanthie  ether, 
pure,  is  a colourless,  fragrant  oily  linuid  of  dlStliIln?  wme-lees,  and,  when 
sold  for  flavouring.  ° ’ 7 qmd  °f  sp'  &r'  a87>  boiling  at  187°  C.  It  is 

» tousei  011 

carbon  are  gSerauJ^SreaSdSl^?the^ taming  more  than  ton  atoms  of 

in  crystals  from  the  alcoholic  solution  Ethvl  1°  sa  f > ^i®  is  deposited 
fusible  crystalline  solids.  ‘ Etbj  palmitate  and  stearate  are  very 

line  fat,  the  chief  part  of  the  crystal- 

It  is  saponified  by  Alkalies  wfth  some  H he  S?enu  whale  5 it  fuses  at  49°  C. 

C1  gHjq.OH,  and  an  alkaline  palmitate.  U &nd  yields  eetyUc  alcohol,  or  ethal, 

of  the^cochineai  °3^“  C0=-cph»,  composes  Chinese  wax,  the  produce  of  an  insect 

***  one-third  of  Wurmr, 
greasy  substance  called  cer olein,  which  comnoses  nv  due  to  tbe  Presence  of  a 
Melwsyl  melissate,  C.,.H„  CO  C II  is  ol  ^b.out  5 per  cent,  of  the  wax. 
by  boiling  alcohol.  2-  30  6,1  contamed  in  hay,  and  may  be  extracted 

i f 30--  Ethyl  benzoate,  or  benzoic  ether  C TI  CO  C tr 

benzoic  acid  in  alcohol,  saturating  wth  C'  i?  • S PrePared  by  dissolving 

Sd^“  ~ - 

productron  the^dour  of  bensoic  ether  » ““ 

Eenzyl  benzoate  V#  CO  c£2Us'0R*=  W0*0*  + HCL 

taWm’of  Peru.  ’ 6 5'  2'C7Hj’  18  a fusible  crystalline  substance  contained  in 

Benzyl  cinnamate,  C H CO  C TV  r.  „ , . 

14  i/aS7f°,rmerl-y  called  cinnamein  * P Sent  ln  the  balsams  of  Peru  and  Tolu ; 

Methyl  salicylate,  C„H  OH  mnw  „ 

the  flowers  of  Gaultlieria  procimbfns  SnrTw  “ 0fw™ter-9™en,  extracted  from 
Prepared  artificially.  It  i{  obtained  h r Tm-°ne  °f  the  first  vegetable  products 

£J  j*»  ?u^ic  aoa  S !7„rthjl  alcotor  with  -"ipS 

224  C.  T emc  chloride  colours  it  v?olet  n f,.sp‘  F'  r-2>  and  boiling  point 
with’  ln+,th?  C0ld’  ifc  yieids  crystals  of  C solution  of 

Srthyl  10dide  in  a sealed  tube  it  giSc‘  rn3r. rZhen  this  is  heated 

. ! ■ “ °,Iy  liq“w-  “ «•  »• 

^)to  C°M“U“°“  ““  b“D  iaTCSUB*k'd  W'  a Perkin,  pm.  (04e„.  ^ ^ 
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salt  of  methyl-salicylic  acid,  CflHrOCHs.CO  H,  a crystalline  add  isomeric  with 
methyl  salicylate,  but  not  giving  the  violet  colour  with  ferric  chloride.  I he 

ethyl  salicylate  resembles  the  methyl  compound.  ,.n.  lr>nv.ni 

. 431.  Ethyl  oxalate,  or  oxalic  ether,  (C02.C,H5),  is  prepared  by  ^stilling  alcohol 
with  oxalic  acid.  Equal  weights  of  dried  oxalic  acid  and  absolute  alcohol  rue 
boiled  for  six  hours  in  a retort  with  a reversed  condenser.  The  product  i mue 
with  water  which  separates  the  oxalic  ether  as  a fragrant  liquid  of  sp.  gr.  1.  9> 
boiling  at  186°  C.  It  is  decomposed,  by  boiling  with  water,  into  alcohol  an 
oxalic  acid.  Potash  easily  decomposes  it  and  it  it  be  mixed  with  only  Imlf  ‘he 
quantity  of  potash  required  for 

potassium  oxalethylate  ; (C02.C2H5)2+KHO— 2 5 •(  „ n 

posing  this  with  hydrofluosilicic  acid,  oxalethylic  or  oxalovmic  acid,  (C02)202H5.i  , 

fs  obtained,  but  it  is  easily  decomposed  by  water. 

By  the  action  of  sodium  on  an  ethereal  solution  of  ethyl  opiate  and  ethyl 
acetate  the  sodium  derivative  of  ethyl  oxal acetate  is  obtained ; this  has  the  formula 
CO  0 H CO.CH.,.CO.,C2H5,  and,  when  heated  with  dilute  sulphuric  acid,  yield. 
pyruvic" acid,  CH3.C0.C02H,  which  is  convertible  into  lactic  acid  by  nasce 

hj%Zlmalonate,  or  malonic  ether,  CH2(CO,C2H5)2,  is  prepared  by  passing  HC1  gas 
into  absolute  alcohol  containing  calcium  malonate  in  suspension 
CH„(C02)2Ca  + 2(C2H5.HO)  + 2HCI  - CH2(CO.,C2H5)2  + CaCl2  + 2HOH. 
After  some  hours’  standing,  the  liquid  is  boiled  on  a steam-bath,  again  saturated 

“l^  the 

Sh^iri.0 aUowing°itsS  hydrogel  to  be^ dL^aced^by^od^^^ 

for  the  synthesis  of  the  fatty  acids.  crystalline  ethereal  salt 

Cinnamyl  annamate,  or  styracui,  C?HrCU2.C9ti9,  is  a crysutmu. 

obtained  from  s tor  ax  by  treatment  with  soda.  d , th  action  of  HC1 

Ethyl  malate,  or  malic  ether,  C2H3.0H(CO2.C2i±5)2,  oDtameu  ^ 
o-as  on  an  alcoholic  solution  of  malic  acid,  is  a liquid  which  mixes  with  watei, 

but  is  easily  decomposed  by  it  yielding ,$S??co$  Sf “ “prepared  like  malic 

, ’ . mm  p+bvl  tartrate  • it  cannot  be  distilled  without  decomposition.  \ 

decomposes  it  eLily,  prodding  alcohol,  and  acid  ethjltartrau,  or  tartrcthyhc  and, 

^2^2^ 1 * o T-i  ott/PO  P tt  ) is  T)reT)arecl  in  tliG  same  way 

« *****  — - 

poses  it.  jg  -produced  by  decomposing  silver  picrate 

nitric  acid  u£o„  anise?,  phnyU.cthjl  clkcr, 

small  quantity  of  sodium 

importance.  . tt  C TT  (SO  1 is  formed  when  glycol  acts  upon  chloro- 

Ethene-sulpliun c acid,  H2L2UA»'.  4/2'  n rSO  \ +2HC1.  It  is  a liquid 

sulpliouic  acid  ; sulphuric  acid, 

which  is  decomposed  when ril  JvMaiShWd  sulphuric  acid. 

OJB..OH.SO.H,  formed  when  glycol  is  heated  wl  > 

ST.  **  •**»  »**  r-mblinguitroglyceriu, 
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: %£***  by  “e  acti0”  °f  a 01  »wc  and  sulphuric  acids  up„„ 

°"'Stalline  s°dd  which  may  be  fused  and  sublimed 

23fT  V acting  on  ctbeue  dibromide  with 

liquid,  with  an  acet'ic  smell  "bol  in-  at  186"  C "it  •*?  20?",  ?•  . 11  is  a he“'T 
Athene  monacetate  CH  on  mr  nw  ■ , * R 1S  fairlY  solable  in  water, 

and  resembles  the  di-acetate?  1S  alS°  formed  froui  glycol  and  acetic  acid, 

f^neacetobutyratehM  the  formula  CH,,CO,„OC,II  OCH 

compcuhri;  often  termed  - 

Sr„„ps  in  C,Hl(OH,:Tay  Sfe' liiSSnl'^li^n  b<> 

hcat/whe;;  glycerol  ““‘‘‘“““a  <* 

duced  in  the  process  of  saloniSStS 18  lmportant  as  being  pro- 

2T“  at?  deco4S’r 

*•»  alrcad>-  -a** 

poisonous.  It  is  insoluble  in  water  of  I'X’  wltbout  smell,  very  explosive,  and 
ether  and  in  methyl  alcohol  Wheii^ianoidHe  i°flble  in  alcohol,  but  soluble  in 
potassium  nitrate^  It,  formation  is  cxplLed  in  ^eSto^qntfon7- °‘  “d 

- 3(HNO.)  - «>,  + 3Hio. 

^ P-  '-47  to  ..49) 

is  placed  in  stone  jars  containing  about  7 lbs  e-, ,.>aC1(\,  ,ls,  employed.  The  mixture 
water,  and  about  1 lb.  of  glycerin  (so  X , 2 el  ?!  ’ wblcb  are  immersed  in  running 

stirring,  to  the  contents  of  each  jar,  care'  being  takSfthaiT  tb^f’  ^ frequent 
not  rise  above  So“  F.  The  mixture  is  allow^X?  *4.,*  te  temperature  does 
and  poured  gradually  into  5 or  6 gallons  of  water  6 f°n  a fjnarter  of  an  hour, 
falls  to  the  bottom  is  well  wiLd  b^tirri-nf  lfL) Ihe  nitl'0gijcerin  which 
added  in  the  last  washings.  One  per  cent  of  nn!,f-  Water’  a hfctle  alkali  being 
nitroglycerin  in  order  to  neutra  Le  anv  acid  n^g  f a 18  80mctimcs  added  to  the 
This  oil  is  very  violent  in Te^K^^ 

placed  on  an  anvil  and  struck  sharnlv  if  i i 4 * .a,  droP  °t  nitroglycerin  be 
though  not  free  from  water  • and  if  a n’ie  - P lodes  with  a very  loud  report,  even 

be  struck,  it  is  bio™  So smah fitments  oZT*  With  a W °*  i* 

red-hot  iron  to  nitroglycerin,  it  burns  nuietlv  • V’?  aPPllcatlon  of  a flame  or  of  a 
the  open  air  it  explodes  but  feeblv  In  a , L i'  wbe,n  leated  over  a lamp  in 
about  360°  F.  with  great  violence ? For  hlasfin^  ^^l61’  however-  ifc  explodes  at 
into  a hole  in  the  rock,  tamped  bv  filling  the  hole^'H  tbe  llltr°olvcenn  is  poured 
concussion  caused  by  a detonating  fntn/L  with  water,  and  exploded  by  the 

produce  the  same  effect  in  blasting  as  ten  tim^V64^  bas  been  stated  to 
much  damage  has  occurred  from  gthe  accidental1?  7^  SanPowd*>  aad 
course  of  transport.  When  nitroo-lveerin  ic  1 1 exp!osion  of  nitroglycerin  in 

washed,  it  decomposes  with  evobithfn -f  pt’  e_sPecially  if  it  be  not  thoroughly 

»[  acid ; an.d.  fr,ati°”  <*  <*** 

gaseous  products  of  decomposition"  hXt?  “ sbould  the  accumulation  of 

«* — * ■*»- 

it  Will  explode  With  equal  vdolcnce  Vl?thm?  moL^e  7 blastin-’  because 
the  advantage  of  containing  enough  oxygen  to  ronvm-f  ,P^sent  or  n?fc>  but  it  has 
acid  gas.  On  the  other  hand,  it  if- vervSo^nnJ 1 S a11  lt8  carbon  mto  carbonic 
seriously  bjf  absorption  through  the  skin  1 . 1 ’ n<  1S  said  to  affect  the  system 

are  exceedingly  acrid  Again  iS  a d tbe  gases  resulting  from  its  explosion 

bore-holes.  Vo  oyScomXsVobfeo •U?6  “t  d°'™w  “ 
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jg^^stsssusses^sfft 

“edTn1XsodRd  or 

iVWs  detonators  for  nitroglycerin  contain  7 P^s  of  mercuric  luim 

its  weight  of  nitroglycerin;  its  detonation  exploded  by  a 

s»  f f d ^ sssfi  sssr 

becomes  solid  at  40  F.,  a circumstanc  , n exolosion  by  the  detonat- 

operations,  partly  because  it  is  then  ess  s ■ P resuite"d  from  attempts  to 

ing  fuze,  and  partly  because  ^up  with  tools.  It  is  re- 

2K&  £&*. 

product  is  occasionally  mixed 

"^glycerin,  C,Hs(N0)  stands  S' XSrfmon- 

glyoerrn  CJH,(HO)  in  which  m^ethor,  «»j,  stands^  rf  ^ 

atomic  alcohol,  C2H3(HO).  . -.  i conn  hPat  units  are  disengaged  for  each 

by  the  action  of  nitric  acid  upon  alcohol  5 800  “at  « ^ th|  fomlation  of 

molecule  of  nitric  acid  entering  m o molecule  ’of  nitric  acid,  are  disengaged, 
nitroglycerin,  only  4300  heat  uni  , P letter  case  more  is  stored  up 

to  energy  having  been  converted  into ^'^losiue.  In  the 
in  the  nitroglycerin,  and  hence  _ f nitric  acid  disengaged  11,000  heat 

SlrinShelci  attributes6  the  stability  and  inferior  explosive  effect  of 

nitric  acid  on  glycerol ; it  is  also  liqu  , cH(OH)PO.H.„  is  formed  by  the 

Glyceryl-phosphoric  obtained  in  solution, 

action  of  metaphosphoric  acid  o gly  ’ substance  containing  phosphorus 

“ iSST «i5e  body,  and  in  fish  and  the  yolh  of 


gzssssy®.  «*«* 

JgSfJZSi,  a'tramparent^lass!  dissSving1  sloivly  in  water,  and  has  been 
recommended  for  the  preservation  o oo  ^ with  tpe  fatty  acids. 

436.  Giycerol  forma  lnimero^  e^ei  C>H,OH.(COJI)„  are  produced 

Monoformn,  * elvceroI  in  making  formic  acid— 

+ C0’  + HA 
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“ COd'UTet  <®’“d  ^»e  obtained  by 
Tributyrin,  CsHs(C1H702)3,  occurs  in  butter. 

InpahmUn  or  palm  it  in,  C3H5(C16H310.,)3,  is  obtained  from  palm-oil  or  from 
Chmese  wax,  by  pressing  and  crystallising  from  alcohol.  It  fuses  at  46°  C 

th SSSr'  is  PrePared  by  repeatedly  recJystallisino- 

the  harder  natural  fats,  such  as  tallow,  from  their  solution  in  ether.  It  fuses  at 

i n H iV,° is  obtained  by  cooling  olive-oil  too°  C press- 

sr  - r ? ^db4  otsS 

oliVe™d°is  treated  with  and  f earin’  and  is  left  unaltered  whom 

the  palmitin  and  stearin  into  soaps  and ‘g^cfro?  ^ Which  COnverts 

C3H;.(C1.,H.,36.,)3.'  ^ ^ ’ nd  caProic-  Cocoa-nut  oil  contains  trilaurin, 

ft  Spt"4  “r,ifiCial,J  * i“a”S  SUcerol  with 

C»  + S = + ^H0H' 

<ifminenTdnZ^n!fR!?i  col!po.u™s>  firmed  upon  the  type  of  the  chlorides 

T?TWn  °S°r9a™  radicals  for  the  chlorine. 
hill  of SS,' decompound,  of  this  class  requires  the 

Tt  it;  nLtni  i i +/  n^.  3^*)s>  which  will  therefore  be  described  first 

It  is  obtained  by  the  action  of  metallic  zinc  upon  ethyl  iodide- 

Eio-ht  h l i Zn'\  + 2C-H=I  = Zn(C2Hs)2  + Znl2. 

<lried  zinc  are  placedin  a half-pint  ^.a?u.Iated> :md  thoroughly 

carbonic  acid  apparatus  (A),  from  which  the  ga^is  j^sTdthrough^trongs^phiSc 


*C5*  2bl. — 


*= 1 rep  iratiou  of  zinc  etliyl. 

the  cork^of^the^flask  (E  folio  wllxfe  if  is  thoroughly  dried.  A second  perforation  in 

the  two  corks  in  ?£  wide  lube  ? ® We.of  th° tnbe  /•  which  I*«es  through 
of  cold  woter  l A-nTfh  ™de.tub?  ® - a»d  dips  into  a little  mercury  in  D.  A stream 
caoutchouc  tubes  lu'“lino  through  the  wide  tube  (F),  being  conveyed  by  the 
uc  tubes  1 1.  When  the  whole  apparatus  has  been  filled  with  carbonic 
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acid  gas,  the  cork  of  the  flask  (E)  is  removed,  and  400  grains  (or  25  grms.)  of  ethyl 
iodide  (perfectly  free  from  moisture)  are  introduced,  the  coik  being  then  replaced. 

carbonic  acid  gas  is  again  passed  for  a short  time,  and  then  cut  oft  by  closing 
the  nipper-tap  (T)  upon  a caoutchouc  connector,  when  the  gas  escapes  through 
the  tube  (G)  which  dips  into  mercury.  A gentle  heat  is  then  applied  by  a water- 
bath  to  the  flask  (E)  till  the  ethyl  iodide  boils  briskly,  the  vapour  being  condensed 
in  the  tube  /'  and  running  back  into  the  flask.  In  about  five  hours  the  conversion 
is  complete,  and  the  iodide  ceases  to  distil.  The  nipper-tap  (T)  is  again  opened, 
and  a slow  current  of  carbonic  acid  gas  is  allowed  to  pass  ; the  position  ol  tlie 
condenser  (F)  is  reversed  (fig.  282),  and  the  tube  / is  connected,  by  the  cork  K- 
with  the  short  test-tube  O ; the  longer  limb  of  a very  narrow  siphon  (I)  of  stout 
tube  passes  through  a second  perforation  in  the  cork  (K),  the  shorter  limb  pass- 
ing into  the  very  short  test-tube  (P),  the  cork  of  which  is  also  furnished  with  the 


Fig.  282.— Collection  of  zinc  ethyl. 

short  piece  of  moderately  wide  tube  (L).  For  receiving £r™ng  the  jc 
ethyl,  a number  of  small  tubes  are  prepared  of  the  f orm  shown  in  e _b3  in 
lnno-  narrow  neck  (R)  of  one  of  these  is  passed  down  the  short  tube  tid  ™ rii 
bottom  of  P the  other  end  (N)  of  the  tube  being  connected  with  an  apparatus  ft  1 

The  whole  of  the  apparatus  being  ^ed  with  tins 

5^  the  nipper-tap  is  closed,  and  the  flask  (E)  heated  on  a sand-bath,  so  that  the 
zinc  ethyl  may  distil  over,  a slow  stream  of  carbonic  acid  gas  being  constantly 
pf  the  excess  escaping  throng*  L. 

flame  is  applied  to  tlie  narrow 
tube  (N),  which  is  drawn  off  and 
sealed;  the  siphon  tube  (I)  is 
then  gradually  pushed  down,  so 
that  its  longer  limb  may  be  suf- 
ficiently immersed  in  the  zinc 


Eig.  283. 


ethyl,  ancl  the  nipper-tap  (T.flg.  *,)  is  <f tothrVt^tabe 

a* 

S “XSpe  Wmmibflity  ot  the  sine  ethyl  and  it^easy 

anoyT^ct^  "SonlSto  ‘be  conversion 

The' rSofi i,Uhe  pi-ep^ation  ot  sine  di-ethide  really  taltesplace  in  two  ^ 1 

w^n^^eth^lodid^ceM^  to  cohtams^stwcjo^tnet^e,  ^(to^zhic 

as  a crystalline^  so  i , v lie  — Zn(C  H ) +ZnI„.  The  action  takes  place  inoi  e 
ethide  and  zme  rodicle ; 2ZnL(r,!l5-^n(c,  • • coupie.  To  effect 

9°°  0.  with  the  reversed 

• The  process  is  said  to  be  ranch  accelerated  if  about  ,',th  of  sine  ethyl » *"• 
the  ethyl  iodide. 
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till  no  more  liquid  distils  back,  which  requires  about  15  minutes  ; the  rest  o£ 
the  operation  is  conducted  as  described  above,  using  a sand-bath  or  an  oil-bath. 

Properties  of  zidic  cli-ethide. — It  is  a colourless  liquid  of  peculiar  odour, 
sp.  gr.  1. 1 8,  and  boiling  point  118°  C.  In  contact  with  air  it  inflames 
spontaneously,  burning  with  a bright  greenish  blue  flame,  emitting  a 
white  smoke  of  ZnO.  If  a piece  of  porcelain  be  depressed  upon  the 
flame,  a deposit  of  metallic  zinc  is  formed,  surrounded  by  a ring  of  oxide, 
yellow  while  hot  and  white  on  cooling.  When  zinc  ethide  is  dissolved  in 
ether  and  acted  on  by  oxygen,  it  yields  zinc  di-ethylate,  Zn(0CoH.),, 
corresponding  to  zinc  hydrate,  Zn(OH),,  as  a white  powder.  Water 
decomposes  it  readily,  with  evolution  of  ethane  or  ethyl  hydride  in  the 
state  of  gas;  Zn(C2H.)2  + H20  = ZnO  + 2(C2H..H).  When  ammonia 
is  passed  into  the  solution  of  zinc  ethide  in  ether,  ethyl  hydride  is 
evolved,  and  a white  precipitate  of  zinc  amide  is  deposited — 

Zn(C2H5)2  + 2NH3  = 2(C2H5.H)  + Zn(NH2)2. 

. Zinc  ethide  and  ethyl  iodide,  dissolved  in  ether  and  heated  to  170°  C., 
yield  butane,  or  di-ethyl;  Zn(C,H,)2  + aC2H5I  - Znl2  + 2(C2H.)2.  Heated 
with  sulphur,  zinc  ethide  is  converted  into  zinc  inercaptide,  Zn(SC„H.).„ 
the  analogue  of  zinc  ethylate  and  zinc  hydrate.  Zinc  ethide  is  much 
used  in  organic  research,  especially  for  effecting  the  substitution  of  C H 
for  Cl,  Br,  I,  or  IIO.  2 

438.  Zinc  dimethide,  or  zinc  methyl,  Zn(CH2)2,  is  prepared  from  methyl  iodide  by 
1 *lmilar  to  tbat  ^or  z*nc  ethide,  which  it  resembles,  but  is  far  more 

volatile,  boiling  at  46°  C.,  and  has  a more  powerful  odour,  producing  irritation. 

It  is  more  energetic  in  its  reactions  than  zinc  ethide,  and  is  decomposed,  with 

/IppTiT^i^  yielding  methyl  hydride  gas,  or  methane  ; 

+ -ZnO + 2(GH3.H).  When  acted  on  by  methyl  iodide,  it  yields 

mSrI  7 ! ,65  Zu(C+H3  ? + 2CH3l  = 2CH2(CH3)  + ZnI.J.  By  slow  oxidation,  zinc 

metnicle  yields  a crystalline  compound,  zinc  methyl  methylate,  ZnCH,.OCH  smell- 
ing of  camphor.  When  this  is  treated  with  water,  it  gives  methyl  alcohol, 

™h?ue;  a?dfI?c  hydrate;  ZnCHs.0CH3  + 2H0H=Zn.0H.0H  + CHrH  + CH,.0H. 

Methyl  alcohol  acts  upon  zinc  methide  in  two  stages,  producing,  first,'  zinc 
methyl  methylate  and  methane  ; CH3.OH  + Zn(CHs)2  = Zn.CH3.OCH3  + CH...H  and, 
in  the  second  stage,  zinc  methylate  and  methane — 

Zn.CH3.OCH3  + CH3.OH  = Zn(OCH3),  + CH3.H. 
methide  combines  with  the  ethers  ; it  forms  with  methyl  ether  the  com- 
1 °Tl,ru  2 . which  boils  at  the  same  temperature  as  zinc  methide. 

When  zinc  methide  is  dissolved  in  ether,  and  heated  with  sodium  in  a sealed 
e’  .onJ?’ . ird  of  the  zinc  is  displaced  by  sodium,  forming  a crystalline  com- 
pound of  zinc  methide  with  sodium  methide— 

3Zn(CH3)2  + Na2  = 2(Zn(CH3).,.NaCH3)  + Zn. 

1cSls  exPOsed,  in  a tube,  to  a current  of  dry  carbon  dioxide,  zinc  methide 
Uistus  oft,  and  sodium  acetate  remains  in  the  tube;  NaCH  + CO.,  = CHrCO,Na. 

y 1 eating  the  compound  of  zinc  ethide  with  sodium  ethide  in  the  same  wav 
sodium  propylate  is  obtained  ; NaC.,H5  + C02  = C.,H5.  CO.Na.  ’ 

oron  trimethide,  B(CH3)3,  is  formed  by  the  action  of  a strong  ethereal  solution 
ot  zinc  methide  upon  ethyl  borate— 

2^A):ibC>3  + 3Zn(CHs)2  = 2B(CH3)3  + 3Zn(O.C„H5)2. 
aigaS  With  an  intolerably  pungent,  tear-exciting  odour,  liquefied  by  three 
f]T^QleS  Pressure.  When  issuing  very  slowly  into  the  air,  it  undergoes  par- 
, -r  0f1(.  atlon,  Phosphorescence,  but  when  it  comes  rapidly  into  contact  with 
burns  with  a green  flame,  remarkable  for  the  immense  quantity  of  larcre 
< es  ot  carbon  which  it  emits.  It  combines  with  ammonia,  forming  NPL.BfCHA 
ic  crystallises  from  an  ethereal  solution,  and  may  be  sublimed. 

is  a lim Si(°,H3)4.  Produced  by  the  action  of  SiCl,  upon  zinc  methyl, 
silim  1 ld  hghter  than  water,  burning  in  air,  and  producing  a white  smoke 'of 

•ibm  rf/nV/rsftpTT08!6?  bj  and  boils  afc  3°°  0.  Silicon  tetrethide,  or 

ethide,  Si(C2Hs)4,  obtained  by  a similar  process,  resembles  the  methyl 
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compound,  but  boils  at  1530  C.  In  its  chemical  relations  it  resembles  the  paraffin 
hydrocarbons,  and  is  sometimes  called  silico-nonane,  the  ninth  member  of  the 
paraffin  series,  CflH.,0,  in  which  silicon  replaces  an  atom  of  carbon.  When  acted 
on  by  chlorine,  it  yields  SiCsHI0Cl ; when  this  is  heated  with  potassium  acetate, 
in  alcoholic  solution,  it  yields  the  acetate  SiC8Hig.C2H302,  and  by  heating  this  with 
alcoholic  solution  of  potash,  it  is  converted  into  silico-nonyl  alcohol,  SiC6H19.OH, 
boiling  at  190°. 

By  acting  upon  ethyl  orthosilicate,  Si(OC,H5)4,  with  zinc  ethide  and  sodium, 
metallic  zinc  is  separated,  and  the  resulting  sodium  ethide  effects  the  replace- 
ment of  the  ethoxyl  group,  OC2H5,  by  ethyl.  In  this  way  there  are  produced 
silicon  triethyl-ethylate,  Si(C.,H5)3.OC2H5,  silicon  dietliyl-diethylate,  Si(C2H5)2(OC2H5)2, 
and  silicon  ethyl-triethylate,  Si0.,Hj002H3)3.  When  this  is  heated  with  acetyl 
chloride,  it  yields  silicon  etliyl-trichloricle,  Si.C,H5.  Cl3,  which  is  converted  by  water 
into  silico-propionic  acid,  C„H..SiO.OH,  according  to  the  equation — 

SiC2H5Cl3 " + 2H,,0  = C2H5.SiO.OH  + 3HCI. 

It  is  a solid  body,  having  weak  acid  properties.  Silico-acetic  acid,  CH3.SiO.OH,  is 
a similar  body  derived  from  zinc  methide  and  ethyl  silicate.  _ ■ 

439.  Boron  tri-etliide,  or  triboretliyl,  B(C2H5)3,  may  be  prepared  like  the  corre- 
sponding methyl  compound  ; or  by  passing  vapour  of  boron  trichloride  into  zinc 
di-ethide;  2BCl3  + 3Zn(C2H5)2=2B(C„H5)3+3ZnCl,.  It  is.  a colourless,  liquid  of 
irritating  odour,  and  insoluble  in  water.  Its  sp.  gr.  is  0.69,  and  it  boils  at 
95°  C.  . , , . 

It  inflames  spontaneously  in  air,  burning  with  a green  flame,  and  explodes  in 
contact  with  pure  oxygen.  Water  slowly  converts  it  into  B(C2H5)2OH,  another 
spontaneously  inflammable  liquid.  _ . 

By  gradual  oxidation  in  air,  borethyl  is  converted  into  B.C2H5.(OC2H5)2,  m 
which  two  oxethyl  groups,  OC..H,,  are  substituted  for  two  ethyl  groups.  This  is 
a liquid  which  may  be  distilled  in  vacuo,  and  is  decomposed  by  water,  yielding 
alcohol  and  ethyldooric  acid,  B.C2H5(OH)2,  which  is  a volatile  crystalline  body, 
subliming  in  scales  like  boric  acid,  and  having  a very  sweet  taste  and  a pleasant 
smell ; it  is  very  soluble  in  water,  alcohol,  and  ether.  _ . 

Trimethyl  phosphine,  P(CH3)3,  is  prepared  by  very  gradually,  dropping  PC13  into 
a solution  of  zinc  methide  in  ether,  in  a retort  connected  with  a.  receiver  filled 
with  CO, ; a very  violent  action  takes  place,  according  to  the  equation— 

2PC13  + 3Zn(CH3),  - 3ZnCl2  + 2P(CH3) 

The  condensed  liquid  forms  two  layers,  the  upper  containing  the  excess  01  I V J, 
and  ether,  the  lower  being  a compound  of  zinc  chloride  with  trimethyl  phosphine, 
which  may  be  separated  by  careful  distillation  with  potash  in  a retort  filled 
with  H Trimethyl  phosphine  is  a spontaneously  inflammable  liquid  with  a most 
remarkable  odour.  It  boils  at  about  40°  C.  When  slowly  oxidised,  it  yields  a 
crystalline  solid,  P(CH3)30,  after  the  type  PClsO.  It  also  combines  with  S and 


W1Methvl  iodide  combines  with  trimethyl  phosphine  to  form  tetramethijlphos- 
phonium  iodide,  P(CH3)4I,  a colourless  crystalline  body  corresponding  to  phos- 
rlhrminm  iodide  PH. I (p.  233).  By  treating  this  with  silver  oxide  and  water,  it 
is  converted  into  the  corresponding  hydroxide,  P(CH3)_,.OII,  a strongly  alkaline 

body;  2P(CH3)4I-r  Ag,0  + H20  = 2P(CH3)40H  + 2AgI.  . . ■■  ■. 

By  heating  'phosphonium  iodide  with  methyl  iodide  and  zmc  oxide,  in  a . ea 
tube,  to  ioo°  C.  for  some  hours,  the  hydriodides  of  methyl  phosphine,  P.LH3.H„, 

and  dimethyl  phosphine,  P(CH3)2H,  are  obtained— ■ 

2PH  T + 2CHJ  + ZnO  = Znl,  + H20  + 2(P.CH3.H,.HI) ; and 
PH4I  + 2CH3I  + ZnO  = Znl,  + H,0  + P(CH3)2H.HI. 

These  hydriodides  are  obtained  in  the  form  of  crystalline  compounds  wth  the 
zinc  iodide.  By  the  action  erf  water  in  a distilling  apparatus  filled  with  hydrogen, 
the  methyl  phosphine  is  evolved  as  gas,  leaving  the  dimethyl  phosphine  to  be 

liberated  by  the  addition  of  potash.  . „ , , and 

Methyl  phosphine  is  a very  strong-smelling  gas,  easily 
quickly  oxidised  by  air.  Though  not  alkaline,  it  combines  ^ th  acids  to  forj 
crystalline  salts  which  bleach  litmus-paper,  a piece  of 

nS Sid  JU  it  into 

d,m*hyl-p^pkmc  maJ  be  prepared  by  the  action  of  PCI, 
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on  zinc  etliide,  as  for  trimethyl  phosphine,  or  by  heating  phosphonium 
iodide  with  alcohol,  in  a sealed  tube,  to  180°  C.;  PH4I  + 3C  HOH  = 
+ 3HOH.  The  hydriodide  thus  obtained  is  distilled  with 
potash.  Tri-ethyl  phosphine  is  a liquid  having  a strong  odour,  of 
SP-  °-8i>  and  boiling  at  127  C.  It  absorbs  O,  and  becomes  hot 
when  exposed  to  air,  and  its  vapour  explodes  with  0 below  100°.  It 
forms  salts  with  the  acids.  Tri-ethyl  phosphine,  in  its  chemical  characters, 
resembles  the  corresponding  methyl  compound.  Its  oxide,  P(C2H.)30,’ 
is  a very  stable  crystalline  substance,  which  may  be  obtained  by  distil- 
ling tetrethyl-phosphonivm  iodide  with  potash,  ethyl  hydride  beino-  pro- 
duced at  the  same  time ; P(C2H5)4I  + KOH  = P(C,Ha),0  + KI  + C JI..H. 

I he  tetrethyl-phosphonium  iodide  may  be  obtained  by  heating  ethyl  iodide 
with  phosphorus  in  a sealed  tube ; 4C2H5I  + P2  = P(C  IT  ) I + PI  By 
decomposing  the  aqueous  solution  of  P(C,HS)4I  with  silver  oxide,  the 
replaced  by  OH,  producing  tetrethyl-phosphonium  hydroxide , 
P(02H.)40H,  a strongly  alkaline  substance,  which  may  be  crystallised. 
Tri-ethyl  phosphine  combines  violently  with  methyl  iodide,  forming 
f -P(^2H5)3CH3.I,  which  yields  an  alkaline  hydroxide  when  decomposed 
with  water  and  silver  oxide.  1 

lo/^y1  phosphine  combines  with  sulphur,  evolving  heat,  and  forming 
I m • i5'3*5’  'vuc.  crystallises  in  needles  from  solution  in  hot  water. 

In-ethyl  phosphine  also  combines  energetically  with  carbon  disulphide' 
forming  a fine  red  crystalline  compound  soluble  in  alcohol.  The  presence 
, of  a trace  of  CS2  in  coal  gas  is  at  once  indicated  by  the  red  colour  with 
tri-ethyl  phosphine.  When  the  red  compound  is  boiled  with  water,  it 
yields  the  oxide  and  sulphide  of  tri-ethyl  phosphine,  carbon  disulphide, 
and  methyl  tn-ethyl  phosphonium  hydroxide — 

+ 2H-°  = P(C2HJ30  + 2P(C2H8)sS  + 3CS2  + P(C.)H1)3.CH3.OH. 
Ethyl  phosphine,  P.C2H6.H2,  and  di-etliyl  phosphine,  P(C2H1H,  are 
prepared  like  the  methyl  compo unds.  Ethyl  phosphine  is  liquid,  boiling 
at  25  C.  It  has  an  intolerable  odour,  is  insoluble  in  water,  and  pos- 
sesses weak  basic  properties.  Di-ethyl  phosphine  is  also  liquid,  but 
Doils  at  85  C.,  and  is  more  strongly  basic.  Both  compounds,  being 
composed  upon  the  PC13  model,  are  disposed  to  unite  with  other  bodies 
to  form  compounds  upon  the  PC15  model.  When  oxidised  by  nitric 
acid  they  yield,  respectively,  ethyl-phosphinic,  P.C2H,.0(0H)2,  and  di- 
ttl^l-phosphinic  acid,  P(C2H5)2.O.OH,  composed  upon  the  ’model  of 

hydi°oxylePh°riC  P°(°H):t’  by  the  substitution  of  ethyl  for 

441-  Trimethyl  arsine,  As(CH3)3,  is  obtained  by  the  action  of  AsCl 
on  zinc  methide.  _ It  is  a strong-smelling  liquid,  boiling  at  about  70°  Cl.3 
and  resembling  trimethyl  phosphine,  but  not  forming  salts  with  the  acids’ 

„AiSenfl?lt  iy1,  °V  kakody1’  As(CH3)2,  has  a special  interest  as  one 
ie  Urst  bodies  to  be  recognised  as  a compound  radical  capable  of 
behaving  like  an  elementary  substance.  The  formula  As(CTI  ) repre- 
sents only  one  volume  of  vapour,  so  that  it  must  be  doubled  to2  repre- 
,en  a baolecule,  conveniently  termed  dikakodyl,  and  the  symbol  Ivd  may 
e used  to  represent  the  uncombined  radical  or  atomic  group  As(  OH  ) 

I he  oldest  compound  of  kakodyl  is  the  dikakodyl  oxide,  lvd„0  or 
a carsin,  or  arsenical  alcohol,  named,  after  its  discoverer,  Cadet’s  fuming- 
qmd,  and  obtained  by  distilling  a mixture  of  equal  weights  of  white 
arsenic  and  potassium  acetate— 

AsqOj  + 4CH3C02K  = [As(CH3)2hO  + 2C02  + 2K..C0  . 
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The  distillate  has  a strong  odour  of  garlic,  and  takes  fire  spontaneously, 
which  is  due  to  the  presence  of  dikakodyl.  It  is  received  in  water, 
when  it  sinks  to  the  bottom.  Its  sp.  gr.  is  1.46,  and  it  boils  at  15°  ^ • 
Dikakodyl  oxide  combines  with  acids  to  form  salts.  It  dissolves  in 
alcohol,  and  the  solution  gives,  with  mercuric  chloride  in  alcoholic 
solution,  a crystalline  precipitate  of  Kd.O.clIgCl,.  By  distilling  this 
with  strong  HC1  in  a retort  filled  with  CO,,,  kakodyl  chloride , KdU,  is 
obtained  as  a heavy  spontaneously  inflammable  liquid,  of  terrible  odour. 
When  this  is  heated  to  ioo°  C.  in  contact  with  zinc  in  an  atmosphere 
of  C0.„  a compound  of  zinc  chloride  with  kakodyl  is  produced,  and,  on 
treating  this  water,  dikakodyl  separates  as  a heavy  oily  liquid  which 
boils  at  170°  C.  It  inflames  spontaneously  in  air,  and,  when  its  vapour 
is  passed  through  a tube  heated  to  4oo°  0.,  it  is  decomposed  as  m the 
equation  As„(CH3)4  = 2CTI4  + C,II4  + As2.  When  slowly  oxidised  by  air, 
it  is  converted  into  Kdo0,  which  is  afterwards  converted,  111  presence 
of  water,  into  kakodylic  acid,  KdO.OH,  or  dimethyl-arsimc  acul, 
AsfCH  ) O OH,  representing  arsenic  acid,  AsO(OH)3,  in  which  two  L PL 
groups  are  replaced  by  (CH3)2.  This  acid  is  best  prepared  by  oxidising 
fed  0 with  mercuric  oxide  in  presence  of  water—  ^ 

Kd„0  + 2HgO  + H20  = 2Kd02H  + Hg2. 

It  crystallises  from  the  aqueous  solution,  and  is  a stable  acid.  Sulphur 
dissolves  in  dikakodyl,  forming  Kd2S,  a colourless  liquid  of  unpleasan 
smell,  which  behaves  like  an  alkaline  sulphide.  Kd2S2  is  a solid  wine 

may  be  crystallised  from  alcohol.  .....  . , . i •j0 

Kakodyl  cyanide,  KdCN,  is  prepared  by  distilling  kakodyl  d o 
with  mercuric  cyanide  ; aKdOl  + Hg(CH)2  = cKdCN  + HgU2.  It  forms 
lustrous  prismatic  crystals,  fusing  at  37 0 C.  and  boi  mga  140  . ' 

nearly  insoluble  in  water,  but  dissolves  in  alcohol.  Its  vapoui 

As(CH3).01a,  is  composed  upon  the  model  of 
AsOL,  whilst  the  chloride,  As(CH3)2C1,  is  formed  aftei  As  3. 
chloride  ignites  in  chlorine,  but,  if  it  be  dissolved  m carbon  ^ulphnK 
the  action  of  Cl  converts  it  into  crystals  of  the  trichloride  Wken  tl 
is  heated,  it  evolves  methyl  chbride  g^ataavy  ^ 


is  neateci,  m evuives  mciuj*  * , ... 

distils  over,  which  is  arsenviethyl  dichloride,  AsCH3C12,  boiling ' 
and  soluble  in  water  without  decomposition.  By  evapoyatin  - 1 
tion  with  sodium  carbonate,  and  extracting  the  residue  ^ 
arsenmethyl  oxide,  AsCIT30,  may  be  crystallised  from  tbe  aicohohc 
solution.  The  crystals  smell  like  assafcetida.  Mercuric  oxide,  n 
presence  of  water,  converts  the  oxide  into  methyl-arsimc  acul 

AWhen(dSkodyl  is  acted  on  by  methyl  iodide,  it  yields  kakodyl 
iodide  and  tetramethyl-arsoniwm  iodide,  as  111  the  equation 
AsfCH,).  + 2CH3I  = As(CH3)2I  + As(CH3)4I , 
this  last  when  decomposed  by  moist  silver  oxide,  yields  the  corresponding 
hydroxide,  As(CH3)4OH,  which  is  strongly  alkaline,  and  may  e ci) 

^Pentcmethyl  arsine,  As(CH3)6,  corresponding  to  AsC15,  has  been  ob- 

t Tri-ethyl  arsine,  As(C2Hs)s,  Tomlng 

resembles.  It  boils  at  about  Ho  C “cl  « mp  b and  iodine,  forming 

As(C„Hs)30.  It  also  combines  directly  with  sulptiui,  oiomme,  a 
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As(CH5)3S,  As(CaH5)  Br„,  As(C.,Hs)3I„,  composed  upon  the  model  of  AsCL.  Tri- 
1 'Tr?  ls..a  we,ank  base  ’ lts  nitrate  may  be  crystallised.  When  heated  with 
moist  To  Un’  ±71elt  tw  7compo?nd  which,  when  decomposed  bv 

EL  Shari^tketoH"  *****  AS<°’H-><0H’  “ ^stallisabu, 

nrsfnU^iTtTi  \S^X  * formed  by  the  action  of  sodium 

rnn  imn  oKi  tnyl  TT'  • 2 resembles  dimethyl  arsine,  but  is  not  spontaneously 
mflammable,  though  it  oxidises  very  rapidly  in  air.  It  boils  at  about  ioo°  C. 

modebs'sbC]  ; i n cl  Is  1 j CO 11 1 f1 0 11  n s with  tbe  alcohol  radicals,  composed  upon  the 

iorfrf/TTwf^  T Sb(CH3)3,  is  obtained  by  heating  methyl 

°5T  ? 10  Pota®slQm  antimonide  which  is  obtained  by  strongly  heatin- 

tartar-emetic  (p.  353) ; 3CH3I  + KsSb  = 3KI  + (CH3)3Sb.  The  powdered  anT- 

mTt  taTiAmA6-  TyT  Tlh  san?  t0  moderate  the  action,  and  the  distillation 
bo  hnl  at  8o°  P 3’  ■ Ih,e?rdUCt  18  a garhc-smelling liquid,  of  sp.  gr.  1.5,  and 
antinn°  of  0°  -ItlS  1'1S0lu1ble  111  water,  but  dissolves  in  ether.  By  the  Slov- 
enes COnVertfd  “to  «b(CII,)30,  but  it  is  liable  to  take  fire.  It 

combines  tv ith  chlorine  and  iodine,  forming  Sb(CII3)3Cl„  and  SbfCH  ) I which 

may  be  crystallised,  and  are  formed  upon  the  model  of  SbCl  The  iodide  is 

io°dide  f iiS  hotred  t0  I4°°  C"  in  a Sealed  tubc-  with  methyl 

with  me  t h vH  m itrlT 3 ^ 3 C T Ti t t3 ^ :l  Stibio  trimethyl  combines  at  once 

SbCCSffa)^  as  a white  solid,  crystallising  in  six-sided 
1 otes  tiom  hot  water.  When  decomposed  by  Ag.,0  in  presence  of  water  it  vi elds 

be tmtomsedTfff11’  tetrametMfH^?nium  hyd™xide,  SbfCHJ .OH,  which  mar 
cmSsfike  m-’tre^ forms  crystali^aWe  salts.  The  nitrate,  Sb  CH3)4N03,  forms 
thl Z 1 i u6-  Lv.en  the  carbonates  correspond  to  those  of  the  alkalies  • thus 
>S'ti7»w!)Trb/T^tTT^TH^^2C°3’  and  the  acid  carbonate  Sb(CH3)..HC03. 

diM£Sr£S(^HTr^?Sed  °n  the  modelof  SbCl  is  obtained  bv 
uisninng  stibio-tnmethyl  iodide  with  zinc  methide— 

, Sb(CH»A  + 2n(CH3)2  = Sb(CII3).  + Znl2. 

br  S‘?;nW¥  Sb(C2HA,  is  obtained  like  stfbio  trimethyl;  or 

£SremS%T3fo“C^I  “ Tes^hles ^ methyfTTpmlnd,  bufbo^lTafifs^Ck^Tt 
KKS'dS?°the^b  SOlUf°n  ? wfufalTT^cTTdions 

to  the  ileohnlin  «nli  +•  ’ . <1  bromide  is  liquid,  and  is  separated  on  adding  water 
with  reae-ents  nT  10U]  ’1  • 7 Tm  T *■ ad ! s e 8 > and  behaves  like  potassium  iodide 
dissolvin'^  sulnbnr  i.f1'  P T’  ®bp2bli,)3S,  is  obtained  in  colourless  crystals  bv 
acids  and  wUbPmT  ir  an  ®tb.creal  solution  of  stibio  tri-ethyl.  It  behaves  with 

CuS  + SbfC  in  so  ‘ UTlStS  T T alkallnc  sulphide  ; thus,  CuS04  + Sb(C„Hs)sS = 

„...•  lnvi;,  t 2HJ3b04.  fins  sulphate,  as  well  as  the  nitrate,  SbfC.  IBUNO  ) are 

The  1 d t ra  t e°  in  av^  i e °o  T ^ °J°de!  °f  the  ammonium  salts,  but  on  that  of  SbCl.. 

or  its  oxide  Tdtrir  d in,Tge  prisms  from  a solution  of  stibio  tri-ethyl 

Tf  « ,T  nitric  acid.  It  explodes  when  heated. 

the  residiTwThaT  tlbethvl  in  ether  be  allowed  to  evaporate  in  the  air,  and 

soluble  in  water  .^  T100*101  and  ether,  a white  residue  is  left,  which  is 
mole  in  water,  and  has  the  composition  SbfC„H.)„fSbO. ) . 

form  SbfCl/l  I^whkh1  io,dide  are  mixed  under  water,  they  combine  to 

From  this  *bv- 1 he  r sobdldes.  and  may  be  crystallised  in  prisms  from  hot  water, 
is  obtlinpdt  J?  T of  si  yer  oxide,  tetrethyUtibonium  hydroxide,  Sb(C.,H.)4.OH, 

or  NH4SH^10SUlphide’  Sb(CA)rSH,  gives  reactions  resembling  those  of  KSH 

aP^of^otassium  ^ i*  preparecl  by  acting  on  ethyl  iodide  with  an 
is  very  US55£ ^ denosi UnS1T  b‘  2 18  a ^aneously  inflammable  liquid  which 
Asmiaht  it  ! ’ depc®ltlng  bismuth  even  below  ioo°  C„  and  exploding  at  ko° 
disposition  , ®xpect®d  fro,ni  the  non-existence  of  BiCl5,  bismuth  tri-ethyl  shows  no 
on  the  model  ofTiCl”6  Thuf^lT^T^6  halo^ens’  its  derivatives  being  formed 
curie  chTorkle  BifC  H 1 n ,in  Acholic  solution,  vvith  mer- 

ohloride^^predpRated3  2n2f  bn  T ; the  mercuric  ethvl 

precipitated,  and  the  bismuth  ethyl  dichlonde  crystallises  from  tlie 
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solution.  By  reaction  witli  KI,  this  yields  Bi.C2H5.I2,  sparingly  soluble  m water, 
but  crystallising  from  alcohol,  the  solution  in  which  gives,  with  potash,  a yellow 
precipitate  of  Bi.C.,H5.0,  which  is  spontaneously  inflammable. 

The  compounds  of  lead  with  alcohol  radicals  are  not  composed  upon  the  model 
of  the  stable  chloride,  PbCl.,,  but  upon  that  of  PbCl4,  which  is  not  known  in  the 

pure  state.  . , 

Lead  tetramethyl,  Pb(CH,).,  is  formed  by  the  action  of  zinc-methyl  upon  lead 
chloride;  2Zn(CH3)„  + 2Pbo'j,)=2ZiiC]2  + Pb(CH3)4  + Pb ; it  distils  over  at  no  C., 
and  has  the  sp.  gr.  2.03.  It  has  a faint  odour,  is  unaffected  by  air,  and  is  in- 
soluble in  water.  When  heated  with  hydrochloric  acid — 

Pb(CH3)4  + HC1  = Pb(CH3)3Cl  + CH4.  . 

The  chloride  is  crystalline,  and  may  be  sublimed ; by  reaction  with  potassium 
iodide,  it  gives  colourless  crystals  of  Pb(CH3)3I,  and  when  this  is  distilled  wi  1 
potash,  Pb(CH3)3.OIi  is  obtained  as  a strongly  alkaline  body  smelling  like  oil  01 

mustard.  , „ , 

Lead  tetr ethyl,  Pb(C2H5)4,  and  its  derivatives  resemble  the  methyl  compounds. 
It  boils  at  200°,  and  deposits  metallic  lead,  but  may  be  distilled  unchangec  m a 

current  of  steam.  „ 

Lead  tri-ethyl,  Pb(C2H5)3,  is  obtained  by  the  action  of  ethyl  iodide  upon  an  alloy 
of  sodium  and  lead.  This  combines  with  iodine  in  alcoholic , solution,  forming 
Pb(C.,HA,I,  from  which,  by  means  of  Ag20,  the  hydroxide,  Pb  C2H5)3.OH,  is  ob- 
tained as  a strongly  alkaline  crystalline  body,  the  smell  of  which  excites  sneezing. 
It  forms  salts  by  exchanging  the  OH  for  an  equivalent  amount  of  acid  radicals. 

444.  Mercuric  metliide,  Hg(CH3b,  may  be  obtained  by  the  reaction  between 
mercuric  chloride  and  zinc  methide,  but  a better  method  of  preparing  1 ls 
dissolve  one  part  of  sodium  in  one  hundred  parts  of  mercury,  and  to  add  the 
amalgam,  by  degrees,  to  methyl  iodide  mixed  with  one-tenth  of 
acetic  ether,  the  action  of  which  has  not  yet  been  explained.  On  distillation, 
the  mercuric  methide  is  obtained  as  a colourless  liquid  w ic  1 is  one  _ 
heaviest  known,  its  sp.  gr.  being  3.07,  so  that  glass  floats  m it.  _ H is  unchan g 
by  exposure  to  air,  but  gives  off  a faint  odour  which  is  very  poisonous, 
at  95°  C.,  and  burns  with  a bright  flame.  When  acted  on  by  strong  hydioch  0 

acid,  Hg(CH3),  + HCl  = HgCH3Cl  + CH3.H.  . , w 

The  mercury  methyl  chloride  is  crystalline,  and  sparingly  soluble  in l water  The 
iodide,  HgCH3I,  is  formed  by  keeping  methyl  iodide  in  contact  with  mercury  . 
sunshine,  or  by  adding  iodine  to  an  alcoholic  solution  of 

HefCH  ) +1  =HuCH  1 + CH.,I.  It  is  insoluble  m water,  but  crystallises  fioin 
SShobatd  mayl be  subhmel.  It  yields  an  alkaline  solution  of  the  hydroxide, 

opained  o;7stSis.d  by  ^composing  tbe  iodide 


verts  it  into 


wren  silver  muiaue  , auu.  __ 

phuric  acid  acts  on  mercuric  methide,  methane  being  evolved  as ja.  , 

1 Mercuric  etldde,  Hg(C,H,)„  is  prepared  like  the  methide  but  with  an 
containing  only  yWth  ot  sodium.  It  has  the  sp.  gr  2.4.  and  boils  at  .59  0. 
vanniir  is  decomposed  at  200  C.  into  mercury  and  butane,  4 io*  •at. 

HgCACl.  is  obtained  by  uctingon mereune  eth.de  wrth 

mercuric  chloride  dissolved  in  alcohol , Hg(C2H5)2  + HgC  a & 2 -»6r  ’ the  mer- 

it  to  be  composed^pontlie  mercuric  type,  ^gt'l.  and 

easily  sublimed.  Silver  onide  com 


h ewstallises  irom  aiconoi,  ann  10  caouj  * . ..  . . -i*  • j 

4 


which  blisters  the  skin.  " The  iodide, 
pound,  is  remarkably  stable,  crystallising  10111  * Hydrocyanic  acid,  in 

aSCSion!’ ‘oonSh^okidTiSo  the  cyanide,  HgW*  »»  * 

"Moriafc 

removed,  and  fin  tr methyl  iodide,  Sn(  3J3  > prvstalline1  volatile,  alkaline  base. 
NaOH,  yields  Sn(CH3)3OH,  a sparingly  soluble,  crystalline,  volatile, 
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Sn5cHdUiS  ?efted  *2  I6tI  C-’  in  sealed  tube’  with  tin-foil,  tin  di- 

, % ■ ,e’  bn(GHJ,J2,  is  formed.  It  crystallises  in  yellow  prisms  which  rli« 

solve  in  water,  and  give  a white  nreoinifntP  nf  ^ n 1 • , \ cn  Us" 

adding  ammonia.  precipitate  of  Sn(CH3)20,  a basic  substance,  on 

prectitated  b“  h“s  bemg  ^“omposed  even  when  boiled  with  sodium.  It  is  not 

Lt£mnous^ilor,!^le’  o^o^0'2-^4’  coraP°sed  upon  the  model  of  two  molecules  of 
S,!CJ-->-  ?s  P^pared  by  the  action  of  ethyl  iodide  upon  an  allov 

Sn.,(C.,H  ) anT  Sn'fC  H°)  ^The^th  °f  1°dl  w-  After  the  reaction>  ether  extracts 

ing  SnIC  H ) i'yn  'i  ....  . • ’ , , h and  ether,  but  dissolves  in  nitric  acid,  form- 

•fWUc,‘ 

o“  Is“in  2“  wh,chmSSs2(vef4h  this  e22d 

e.ystalli,S ie  SJTIhe SffiiS  H ? 'no7 “"WE ““T  tase'  *«* 

M SW  heated 

Sn(C.,H.).,.OC,H  distils  mw  tpv  • ' ymce,  rsaU02H5,  the  tin  tri-ethyl  ethylate, 

three" chlorine  atoms^bein^replaced  T?  th<LSnC1<  model 

is  * »*•» 

+ H 

44b-  Aluminium  methide  Al  /pit  „_\q  T a2c2n5ri  4-  xi2. 

by  decomposing  mercuric  methide  and  rtl  i 1°  G°rresPon(hng  etliide  are  obtained 
Ho- + A] /PPM  ™no  metnicie  and  ethide  by  aluminium  ; rHgl'CH  1 +A1  - 

^s? %zx!Z  isss^  are'v‘oie“ry 

». a,,d  A1(°A)-  *r 

or  ethylloSewitt* mSSmm  “he? ^ s Tl  P-re?.^ed  b: 7 deC0mP0sing  methyl 
which  is  decomposed  SSlSlS  MgCH3I,  is  first  formed, 

wJS 

those  whicb  h”e  b“° 

should  bYtunh"1]  '1  “S’ tbe  cIllonne  afcoius  in  the  original  inorganic  type 
Zh  Y P m *?, the  same  alcoho1  tadieal ; thu!,  Sn/CH ) fC  IT  1 
SnfcH  St  ™ -‘''idc  upon  SnfC  H,)  M.7^ 

The  fact  tLt  ! d by  zlnc  efclnde  wtth  Sn(CHj)  01.  " " 

combination  a deflate radicTls^T1  °f  h°I<Hng  in 

poimdY abundant  m“‘  - «» 

sSSt! 

d d aie  ln  u]auy  cases  very  nearly  related 
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to  the  organo-mineral  compounds,  since  such  compounds  as  P(CH.)).), 
As(CH3)3,  Sb(CH,)„  B(CH3)3,  are  formed  upon  the  types  of  PH  AsH3, 
SbH3,  and  BH3,  which  are  nearly  allied  to  NH3 ; but  the  strongly  alka- 
line character  of  ammonia  impresses  special  characters  upon  the  bodies 
derived  from  it. 

These  may  be  divided  into — _ 

A mines,  formed  by  the  substitution  of  alcohol-iadicals  ioi  tbt 

hydrogen  in  ammonia,  such  as  NIi,.GH3,  NH(CH3)j,  H(CH3)3. 

(2)  Ammonium-bases,  formed  by  the  substitution  of  alcohol-radicals 
for  hydrogen  in  ammonia-hydrate,  NH3.H,0,  or  NH(HO,  such  as 

N(CH3)4HO.  i 

( Amides,  derived  from  ammonia  by  the  substitution  of  acid-radicals 

for  hydrogen,  such  as  NH2(C2H30),  NH(C2HsO),  H(C2H30) 

The  amines,  or  compound  ammonias. — These  are  termed  primary, 
secondary,  or  tertiary  amines  accordingly  as  one-third,  two-thirds,  or  the 
whole  of  the  hydrogen  is  replaced  by  an  organic  radical.  Thus,  it  It 
represent  a monad  radical  (equivalent  to  H),  Pt"  a.  chad  (equivalent  to 
H„),  and  IP"  a triad  (equivalent  to  H3),  NIi,ll'  is  a primary  amine  ; 
NHR/9  and  N Hit"  are  secondary  amines;  and  Nil/.,,  Alt'",  are  tertiary 
amines2.  Amines  are  also  distinguished  as  monamines,  di-amines,  and 
tri-amines  accordingly  as  they  contain  one,  two,  or  three  atoms  of  nitro- 
gen. Thus,  KH, IP  is  a primary  monamme ; K,H,ll  is  a primary 
di-amine  ; and  Kjl(.Ii'"  is  a primary  tri-amine.  KHPP,  and  K HR  are 
secondary  monamines ; N,H,R"„  and  N.H.PCR'  are  secondary  di- 
amines ; N1H,R'"R'I>  and  N.H.R'R  'R  'are  secondary  tn- 

amines-  NR'  and  NIP"  are  tertiary  monamines ; NSR  3 and  N2R  R4 
are  tertiary  di-amines;  and  K3R'"3  and  N3R'"R'6  are  tertiary  tn- 

amines.  . ,Ttt  • i • i 

448.  Trimethylamine,  K(CH,)S,  represents  ammonia,  NH3,  in  winch 

all  the  hydrogen  has  been  replaced  by  methyl.  It  is  obtained  on  a 
large  scale  by  distilling  the  vinasses  obtained  in  refining  beet-root  sugar, 
which  corresponds  to  the  molasses  from  cane-sugar,  but  is  not  fit  tor 
food.  It  contains  sugar  by  the  fermentation  of  which  alcohols  are  ob- 
tained, and  substances  containing  nitrogen,*  which  furnish  ammonia 
and  compound  ammonias  derived  from  the  alcohols  when  distiller  . \ 

neutralisation  with  HC1,  the  hydrochlorides  of  ammonia  tri-ethylamme 
Ac  are  obtained.  The  NH4C1,  being  less  soluble,  is  crystallised  out,  and 
the  KfOH  1 HOI  is  distilled  with  lime,  when  trimethylamine  comes  oft 
as  a "as  which  may  be  absorbed  by  water.  The  solution  also  contains 
dimethylamine,  etliylamine,  propylamine,  and  butylamine.  It  is  used 
for  converting  KOI  into  K.CO,,  by  a process  re-semblmg  the  ammo  mar 
soda  process  (p  262),  which  depends  on  the  fact  that  NaHC03  is  less 
soluble  in  water  than  HH„C1 ; but  KHC03  has  about  the  same  solubility 
as  HIT4C1,  so  that  trimethylamine,  whose  hydrochloride  is  much  moie 

soluble!  is  substituted  for  ammonia. 

To  obtain  pure  trimethylamine,  a strong  solution  of  ammonia  n 
alcohol  is  heated  with  methyl  iodide  for  some  horn*,  “ 
immersed  in  boiling  water.  A series  of  reactions  then  takes  place, 
resulting  in  the  production  of  hydriodides  of  methylamme,  Nlls. <-  14 
dimethylamine,  NH(CH,)„  trimethylamine,  and  tetramethylium  lodn  , 
KiOH  II.  Let  Me  = OH,  in  the  following  equations 

• Particularly  betaine  (Beta  vulgaris,  beet,),  or  trimethyl  glycocino,  C.H,(CH,),NO,. 
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(0  nh3  + 


. . Mel  = NH2Me.HI ; 

(2)  2NH3  + 2MeI  = NHMe,.HI  4-  NH I • 

(3)  3NH3  + 3MeI  = NMes.HI  + 2NH.I 

(4)  4NH3  + 4MeI  = NMe4I  + 3NH4I. 

x,  h/dnodides  of  the  three  amines  crystallise  out  on  cooling,  leaving 
the  JNMe4I  m solution.  The  hydriodides  are  distilled  with  IvHO  into 
a receiver  cooled  in  ice,  when  a mixture  of  XMes,  NMe.,11,  and  a little 

f ’ mucb  of  tlie  last  escaping  as  gas 'with  the  NH 

irom  the  MI.  The  mixed  amines  are  then  digested  with  ethyl  oxalate! 

" . . e NMes  1S  n°t  acted  on,  and  may  be  distilled  off.  The  methvl- 

arnme  is  converted  into  methyloxamide,  and  the  dimethylamine  into 
ethyl  dimethyloxamate  (E  = J 

2NMeH,  + C20..(0E)/=  C._,0.,(NMeH).,  + 2EOH  • 
j NMe„H  + C202(0E)2  = C202.NMe2.0E  + EOH. 

Water  at  0°  dissolves  the  last-named  compound,  and  leaves  the  methyl- 
oxamide  undissolved  On  distillation  with  potash,  the  methyloxamide 

riWnST7u°uate  and  methylamine  ; C202(NMeH)2  + 2KOH  = 
.A(OK)  + ^XMefl, ; and  the  ethyl  dimethyloxamate  yields  potas- 
sium oxalate,  dimethylamine,  and  alcohol P 

. C 02.NMe,.0E  + 2KOH  = C20.,(01v)„  + NMc.,Ii  + EOH 
Trimethylamine  boils  at  10"  C. ; it  has  a fish-like  smell,  is  inflammable 

acid  eaSlly  Wlth  Titer-  Xt  formS  salts  bN  direct  combination  with 
ds,  like  ammonia.  It  is  not  unfrequently  found  in  plants,  as  in  the 

flowerSi  Ot  hawthorn,  pear,  and  wild  cherry,  and  in  arnica  and  ergot  of 

J-.,;’  ° OC‘CU1S  111  th.e  4'oe  of  the  herring,  and  may  be  obtained  by  dis- 

tnling  herrnig-brine  with  lime.  It  is  often  found  in  the  products  of 
filiation  of  animal  substances,  together  with  amines  containing  other 
alcohol-i adicals.  Bones,  when  distilled,  yield  trimethylamine  methvl- 
arnme,  ethylamme,  propylamine,  and  butylamine.  The  putrefaction  of  flour 
and  other  nitrogenous  substances  furnishes  these  ammonia-derivatives 
he  hydrochlorate  of  tnmethylamme  is  employed  formakino-  methyl 
clflonde  °n  the  large  scale.  When  its  concentrated  solution  fs  heated 
020  C.,  it  breaks  up  into  methyl  chloride,  trimethylamine,  and  methyl 
amine  hydrochloride;  3NMe,HCl  = 2MeCl  + cXMe  + XMeH HC 
The  gases  are  passed  through  hydrochloric  acid  to  remove  the  ses 
coud  °V6d  pa  C1Um  cU.0nde  t0  absorb  water,  and  the  methyl  chloride  is 
is  ^e^after^hp6^111'6  c7^nders-  The  methylamine  hydrochloride 
loholln  -r?  V ltlle  pr°ducts  have  escaped;  it  is  dissolved  in 

tooSin  mXa^e.amm°nram  Chl°ride’  “ml  distilled 

a | ’ ammonia,  but  it  dissolves  aluminium  hydrate,  and  will  not 
S * ' of  and  cobalt.  Its  behaviimr  wia  acWs 

if  yields  hydSc^icaSmHOlTmdI>aSSed  t.hrou«h  a red-hot  tube, 
Potassium  ™*CN- 

n . NH2CH3  + K = KCN  + Hr. 
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distilling  methyl  isocyanate  with  potash  (see  Cyanogen).  Methylamme 
occurs  in  the  fruit  of  Mercuriaiis  (dog-mercury),  a plant  of  the  order 
Euphorbiacece.  Several  of  the  alkaloids  yield  it  when  distilled  with 

^DEnethylamine,  NH(CH8)2,  is  a gas,  condensing  at  8°  C.  and  re- 
sembling methylamme.  It  has  been  found  111  wood-sprit  and  m guano 
The  ethyl-ammonias  may  be  prepared  by  the  action  of  ammonia  0 
ethyl  iodide,  and  may  be  separated  from  each  other  m the  same  way  as 
the  methyl-ammonias.  They  are  prepared  on  a large  scale  by  the  action 
of  ammonia  upon  the  impure  ethyl  chloride  obtamed  as  a secondly  pi  o- 
duct  in  the  manufacture  of  chloral.  This  is  heated  for  an  hour  c 
closed  vessel  with  a saturated  alcoholic  solution  of  ammonia.  The  volatile 
matters  are  then  distilled  off,  and  the  hydrochlorides  crystallised ; on 
decomposing  these  with  strong  soda  solution,  the  three  ethylammes  foim 
an  oSyTayer  on  the  surface."  They  are  separated  as  described  under 

tr^ethjdamne.^  NH^0  H is  an  ammoniacal  infl^mabie  liquid  of 
sn  »r  o 606,  and  boiling  point  18°  7 0.  It  mixes  with  water  m all  pro- 
portions. It  is  a stronger  base  than  ammonia,  and 
though  it  does  not  easily  dissolve  cupric  hydrate.  Its  salts  may  le 
regarded  as  salts  of  ethyl-ammonium,  NH,E.  Thus  the  salt  forme  y 

neutoalishm  ethylamine  with  hydrochloric  acid  may  be  written  as 
neutiansi  & j WTr  pYrni  nr  qS  ethyl-ammonium  chloride, 

ethylamine  hydrochloride,  NH2E.HU,  as  The  h drio[ 

-vt-tt  TT.ni  corresnonding  to  ammonium  chlonde,  1NI14L.  . y. 

Me*  NH  E Hl(  Is  prepared  by  dissolving  ethyl  iodide  in  absolute 
alcohol  heating  to  the  boiling  point,  passing  dry  NH  gas  to  saturation, 
aSgestog  untU  water  no  “longer  causes  turbidity  from  separation  of 

6t: %l£MVlamine,  NC1,C,H,,  is  produced  by  the 

The  correspomhng^odine  compound  Is  Sai  blue  liguid  decomposed 

by  heat.  , -vrTT/'n  i T \ ig  also  an  ammoniacal  liquid,  boiling  at 

Unlike  ethylamine,  it  does 

not  dissolve  zinc  hydrate.  di-ethylamine  in  which  hydro- 

SSt  — ed  by  dis- 

liouid,  insoluble  in  water,  of  sp.  gi.  o 95,  an(L  «=>  1 

il(lu  ’ c if.  rnfn  di-ethvlamme — 


yZgen  reconverts  it  ^Wamjne- 

2NE2N0  + H,  = 2NE2H  + H2U  + JNsu. 


+ 2HCI  = NE2H2C1  + NOOl. 

Tri-ethylamine,  N(C,H„)„  may  be  obtained  by  heating  di-et  y amin 
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with  ethyl  bromide;  N(01H#)1H  + 0IH,Br  = N(01H#),.HBrJ  the  cry s- 
talhsed  hydrobromide  thus  obtained  yields  the  triethylamine  when 
distilled  with  potash.  It  differs  from  the  other  amines  in  having  a 
pleasant  smell,  and  being  sparingly  soluble  in  water.  It  boils  at  So^C. 
Its  reaction  is  strongly  alkaline,  and  it  resembles  ammonia  in  its  action 
upon  metallic  salts,  except  that  it  dissolves  alumina,  and  scarcely  dis- 
solves silver  oxide,  which  is  readily  soluble  in  ammonia. 

The  other  alcohol  radicals,  propyl,  butyl,  amyl,  Ac.,  also  produce 
amines  by  replacing  the  hydrogen  in  Nil.,.  It  is  not  necessary  that 
two  or  three  atoms  of  H be  replaced  by  the  same  radical ; we  may  have 
mixed  amines,  such  as  methyl-ethylamine,  NH.CH  C,H.,  obtained  by 
the  action  of  ethyl  iodide  on  methylamine ; and  if  this  be  acted  on  by 
amyl  mchde,  vnethyl-ethyl-amiylamine,  N.CH3.C2H..C5Hn,  is  produced, 
i \5  ■:  i ^ce^am  wither  an  amine  is  primary,  secondary,  or  tertiary, 
heat  its  hydrochloride  with  silver  nitrite.  A primary  amine  yields  the 
corresponding  alcohol — J 

NH,.CJI5.HC1  + AgNO,.  = CAL. OH  + AgCl  + H,0  + N„ ; 

a secondary  amine  yields  a nitroso-amine — 

NH(C,H5)2Hci  + AgNO,  = AgCl  + H20  + N(C2H.)„.NO  ; 

a tertiary  amine  is  not  decomposed. 

hft.tnpJieVn?tI:0d  °f1  if .vestigating  the  constitution  of  an  amine,  is  to 
heat  its  alcoholic  solution  with  methyl  iodide  in  a sealed  tube  • a 
er  lary  amine  will  yield  a substituted  ammonium  iodide  by  direct 
union  with  methyl  iodide;  N(C8H.)3  + CH3I  = N(CH)  CHI-  a 

iodide  containing  two  method 

w llTehf,  ( 2 U t 2CHt  HI  + N(C2H5)2(CH8)2I ; a primary  amine 
Mill  yield  an  ammonium  iodide  containing  three  methyl  groups-- 

nh2(c2h5)  + 3ch3i  = n(c2h5)(ch3)3i  + 2H1.  1 

ethene  formed  by  the  action  of 

2NH..  + C„H  Cl  =NH  f'  H an  alcoholic  solution  of  ammonia  at  ioo°  C. ; 

are  obtained  which  yield  tho  din,  • ^ sfds  of  the  hydrobromide  or  hydrochloride 
in  combination  with  H O which  pa06  "1 ief  dlstlded potash.  It  distils  over 
Ethene-diamine  has  Siw  iTtt  c n f °nlJ  be  rem0Ved  distilling  with  sodium, 
alkaline  soEn,  ab„T dis5?lve? K*vi„e  an 

equivalent  to  two  molecules  of  NH  ; n ul  S ^ ? dl‘acid  base-  that  ls.  it  is 

ethyl  iodide  the  hyclroe-en  nf  thi  ltS  r®latlons  to  acids.  By  the  action  of 

yielding  diethyledJneJiamint  N2(C  H fC  hT  3 ??  Vtby1’ 

N2(C2H4)"(C2H  ) ±12m^5/2>  anc*  tetr ethyl- ethene-diamine, 

La^N^HC11!!’  InO-In  0+,h  ntrr  u “hydride-  is  converted  into  ethene 
furnishing  etheVe^diaminc-  5c  2^+  A ver-y  remarkable  reaction, 

acid  while  acting  rm  , when  cyanogen  is  passed  into  hydrochloric 

together  with  ethene-diamS  Li?  ‘^“ne-dianum,  N,(CJIJ'V  are  formed, 
ammonia.  A mixture  of  tl  r thrA  r‘G  actl°?  °t  ethene-dibromide  on  alcoholic 
are  distilled  with  potash  and  tlf  diarni°es  ls  obtained  when  the  hydrobromides 
Sthene-diamine  boiling at  120°  C 7 dicth ^ S?Parated  b7  fractional  distillation, 
famine  at  2io°C  ^gmeanS  of  at  T ’C’  and  triethene- 

diamine  may  be  replaced  hv  oHnf  3 1fllde’ tbe  ammonia-hydrogen  of  diethene- 
y lepiaced  by  ethyl,  producing  diethyl-diethene-diamine— 

Dicthene-tr.iamine  N IT  (O  tt  - V ! ^7-' 

Products  of  the  action  m ethene  dih  ^Mnamine,  N3H3(C2H4)3,  are  also 
with  high  boiling  points  act £1  “ f ^omide,  upon  ammonia.  They  are  liquids 
acid  and  di-aci/as  well’  l ^ as  tn-acid  bases,  but  capable  of  forming  mon- 

and  ammonia  on’ ethene  dibromide1  j0™*  action  of  ethyfamine 

has  been  obtained.  lde’  ^thene-diethyltnamine,  N3H3(C2H4)"2(C2HS)2, 
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453.  The  ammonium  bases. — Tetramethylium  hydrate,  N(CH3)4.OH, 
is  prepared  by  decomposing  the  iodide  with  silver  hydrate — 

NMe.,1  + AgHO  = NMe4.OH  + Agl. 

The  tetramethylium  iodide  is  obtained  by  heating  an  alcoholic  solution 
of  ammonia  with  an  excess  of  methyl  iodide  in  a sealed  tube  to  100  C. 
for  some  time;  4NTH3  + 4MeI  = NMeJ  + 3NHJ.  The  ammonium 
iodide,  being  nearly  insoluble  in  alcohol,  crystallises  out,  and  the  tetra- 
methylium iodide  is  obtained  in  prismatic  crystals  by  evaporating  the 
solution,  and  may  be  purified  by  crystallisation  from  water,  in  which  it 
is  rather  sparingly  soluble.  When  decomposed,  as  above,  by  silver 
hydrate,  the  solution  filtered  from  the  Agl,  when  evaporated  in  vacuo, 
yields  a crystalline  deliquescent  mass  of  tetramethylium  hydrate,  which 
acts  like  a caustic  alkali,  and  absorbs  CO.,  from  the  air. 

When  heated,  it  yields  methyl  alcohol  and  trimethylamine — 

NMe4OH  = NMe3  + MeOH. 

Its  salts  are  not  decomposed  by  potash,  even  on  boiling ; this  forms  a 
point  of  distinction  betioeen  the  salts  of  amines  and  ammonium  bases. 

Tetrethylium  hydrate,  N(C2IL),.OH,  is  prepared  like  the  methyl  com- 
pound, which  it  much  resembles,  but  crystallises  rather  more  easily. 
In  its  chemical  behaviour,  it  is  very  similar  to  potassium  hydrate,  but 
it  produces,  in  chromic  salts,  a precipitate  of  chromic  hydrate,  which 
does  not  dissolve  in  excess.  Moreover,  when  heated  to  ioo°  C.,  it  does 
not  yield  alcohol,  but  ethene,  water,  and  tri-ethylamine ; N(C2H5)4.OH  = 
QH  4.  Ho0  + N(C0HS)  If  it  be  heated  with  ethyl  iodide,  alcohol  and 
tetrethylium  iodide  are  formed;  HE4OH  + El  = EOH  + NE4I.  ^ The 
iodide  may  be  obtained  by  the  combination  of  N(C,H5)3  with  C,H5I, 
just  as  NH,I  is  formed  by  NTH3  and  HI,  the  combination  producing 
heat.  Tetrethylium  iodide  is  also  prepared,  like  the  methyl  compound, 
by  heating  alcoholic  ammonia,  in  a sealed  tube,  to  ioo°  C.,  with  excess 
of  ethyl  iodide.  It  crystallises  in  cubes  like  the  alkaline  iodides,  which 
become  brown,  when  exposed  to  air,  from  the  formation  of  tetrethylium 
triodide,  NE4I ...  Tetrethylium  iodide  is  very  soluble  in  alcohol  and 
in  water,  but  is  insoluble  in  solution  of  potash,  which  precipitates  it 
from  the  aqueous  solution,  but  without  decomposing  it.  When  heated, 
tetrethylium  iodide  undergoes  dissociation,  like  ammonium  chloride, 
yielding  ethyl  iodide,  which  distils  over,  and  is  followed  by  tnethyl- 
amine  "these  afterwards  combining  to  reproduce  the  iodide. 

The’  ammonium  bases  form  salts  with  acids  in  the  same  way  as 
the  alkaline  hydroxides;  thus,  KE4OH  + HN03  - NE4N03  + H.,0; 
2NE  OH  + H0S04  = (NE4)2S04  + 2 H.,0. 

The  4 atoms  of  hydrogen  in  the  original  HH4.OIi  type  admit  of 
bein g replaced  by  different  radicals;  thus,  trimethyUthyhuvi  iodide, 
yr/(  1 tj  vt!II  II  is  obtained  by  acting  on  trimethylamine  with  etm 
iodide;6  and  methyl-diethyl-amylmm  iodide,  N(C5Hn) (C  HICH  I,  is 
formed  when  amyl  iodide  acts  on  methyl-diethylamme,  N(02H5)2.UH3. 
454.  Allylamine,  NH2.C8Hr„  is  a primary  monamine  formed  by  the  action  o 


afiyHodide ^“’ammonia,  or  by ^acting  on 


T — W ' nronerties  The  chief  product  of  the  action  of  allyl  iodide  upon 
has  strong  basic  properti  • b y wpicll  Yie](].s  the  ammonium  base, 

ammonia  is  tetr  ally  hum  iodide , N(  3 5)4  , j „ iivdrate  This  is  a 

N(C  H ) OH,  tetr  ally  Hum  hydrate,  when  decomposed  by  silver  . 
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caustic  alkaline  base,  which,  when  distilled,  yields  triallylamine,  N(C3H5)3,  a liquid 
base,  boiling  at  150°  C. 

Ethyl-ally  la  mine,  N.C3H..C.,H..H,  and  diethyl-allylamine,  N.C8H5(C2H5)._„  have  been 
obtained  by  heating  allylamine  with  ethyl  iodide.  Trichlorhydrin  (the  hydro- 
chloric ether  of  glycerin),  C3H5C13,  when  heated  with  ammoniacal  alcohol,  yields 
•dichlorallylamine,  NH(C3H4C1)„,  also  a volatile  base. 

Benzylamine,  NH2.C7H;,  a liquid  base,  boiling  at  183’  C.  ; dihensylamine, 
NH(C,H,)2,  also  liquid,  boiling  at  300°  C. ; and  tribenzylamine , N(C„H.)3,  a crystal- 
line solid,  are  formed  by  the  action  of  benzyl  chloride,  C7H7C1,  upon  ammonia. 

455.  Phenylamine , or  aniline,  or  amidobenzene,  JsH3.C(.H3,  is  pre- 
pared from  nitrobenzene,  CJL.NO,,  by  reducing  it  with  metallic  iron 
in  conjunction  with  acetic  or  hydrochloric  acid. 

On  the  large  scale,  the  operation  is  conducted  in  a cast-iron  retort 
provided  with  an  agitator  and  condenser.  Five  parts  of  line  cast-iron 
filings,  8 parts  of  water,  and  2 parts  of  hydrochloric  acid  are  introduced 
into  the  retort,  and  20  parts  of  nitrobenzene  are  allowed  to  flow  slowly 
in,  with  constant  stirring.  Steam  is  blown  into  the  retort  through  the 
hollow  agitator,  and  more  iron  tilings  are  gradually  added,  so  as  to 
keep  up  a moderate  action,  until  about  25  parts  of  iron  have  been 
added  in  all.  Some  of  the  nitrobenzene  volatilises,  and  runs  back  from 
a vertical  condenser.  When  the  reaction  is  terminated,  slaked  lime  is 
added  to  combine  with  the  hydrochloric  acid,  and  high-pressure  steam 
is  blown  in,  when  aniline  and  water  distil  over,  the  former  sinking  to 
the  bottom,  and  the  water,  which  retains  a little  aniline,  being  used  to 
furnish  steam  for  the  next  operation.  The  aniline  is  purified  by  dis- 
tillation, and  the  iron  residues  are  sent  to  the  blast  furnaces  (Roscoe 
and  Schorlemmer). 

The  reactions  in  the  preparation  may  be  stated  thus — 

(1)  C6H..N0„  + Fe3  + 6HC1  = C6HS.NH„  + 3FeCL,  + 2H.,0 ; 

(2)  C(iH..NOj  + 6FeCl.,  + 6HC1  = CtfH5.NH2  + 3Fe2ClB  + '2H80. 

The  process  requires  care,  because,  if  the  iron  filings  be  added  too 
quickly,  the  action  becomes  too  violent,  and  benzene  and  ammonia  are 
produced ; C6H..N02  + H8  = C6H5.H  + + 2H,0. 

On  the  small  scale,  tin  is  more  convenient  than  iron.  Granulated  tin  is  placed 
in  a retort  with  inverted  condenser,  and  covered  with  strong  HC1 ; nitrobenzene 
is  added  in  small  portions,  and  when  the  action  has  moderated,  the  mixture  is 
boiled  till  all  the  nitrobenzene  has  disappeared  ; the  liquid  is  decanted  from  the 
excess  of  tin,  when  it  deposits,  on  cooling,  a crystalline  compound  of  aniline 
hydrochloride  with  stannous  chloride  ; (NII2.CBH5.HCl)2.SnCl„.2Aq.  By  distilling 
this  with  excess  of  potash  or  soda,  the  aniline  is  set  free. 

If  iron  be  employed,  acetic  acid  should  be  used,  suitable  proportions  being 
1 part  of  nitrobenzene,  1 part  of  strong  acetic  acid,  and  i.2  part  of  iron  filings. 

Nitrobenzene  may  also  be  converted  into  aniline  by  dissolving  it  in  alcohol, 
saturating  the  solution  with  ammonia  gas,  then  with  H.,S  gas  repeatedly,  as  long 
as  the  latter  is  acted  on  ; CBH5N02  + 3H.,S  = C6H5NH2  + 2H20  + S3.  The  liquid  is 
decanted  from  the  sulphur,  and  the  alcohol  and  ammonium  sulphide  distilled  off 
in  a water-bath  ; the  mixture  of  aniline  and  any  unaltered  nitrobenzene  is  treated 
with  HC1,  which  dissolves  only  the  aniline  : this  may  be  liberated  by  distillation 
with  potash. 

Since  commercial  benzene  contains  toluene  and  other  hydrocarbons,  the  nitro- 
benzene and  aniline  prepared  from  it  will  contain  toluidine  and  other  bases.  To 
purify  it,  the  crude  aniline  is  boiled  with  glacial  acetic  acid,  in  a flask  with  a 
reversed  condenser,  when  it  is  converted  into  acetanilide,  NH.CBHs.C2H30.  This 
is  distilled,  washed  with  carbon  disulphide,  and  recrystallised  from  water  till  its 
melting  point  is  112°  C.,  when  pure  aniline  maybe  obtained  from  it  by  boilin°- 
with  caustic  soda — - 

(1)  NH.,.C„H5  + C.,H3O.OH  = NH.CbHvC.,H30  + HOH; 

(2)  NH:C6H3.C.,H30*  + NaOII  - NH.,CBHS  + Na0.C2H30. 

P P 2 
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Aniline  was  orginallv  obtained  by  distilling  indigo,  either  alone  or 
with  caustic  alkalies,  and  was  named  from  anil,  the  Portuguese  name 
of  indigo.  It  is  also  found  in  coal  tar,  and  in  the  products  of  dis- 
tillation of  bones  and  peat. 

Properties  of  aniline. — Colourless  when  pure,  but  generally  of  a yellow 
or  even  brown  colour,  having  a characteristic  rather  ammoniacal  smell ; 
sp.  gr.  1.03, 


and  boiling  point  184“  C.  When  shaken  with  water,  it 


appears  almost  insoluble,  but  the  water  takes  up  about  jlg-th  of  its 
weight  of  aniline,  and  the  latter  takes  up  about  s\j-tk  of  its  weight  of 
water.  It  is  easily  soluble  in  alcohol  and  ether,  and  the  latter  may  be 
employed  to  collect  it  from  an  aqueous  solution.  Its  basic  properties 
are  stronger  than  those  of  ammonia,  but  it  has  no  alkaline  reaction. 
Most  of  its  salts  crystallise  easily.  The  hydrochloride,  NH2.C6H5.HC1, 
is  commercially  known  as  aniline-salt.  The  oxalate,  (C6HJN)2.H2C.,04- 
is  rather  sparingly  soluble  in  water. 

Aniline  has  the  rare  property  of  dissolving  indigo. 

Many  oxidising  agents  produce  intensely  coloured  products  with 
aniline.  The  usual  test  for  it  is  solution  of  chloride  of  lime  (bleaching- 
powder),  which  gives  a purple-violet  colour,  changing  to  brown. 

Aniline,  being  a primary  monamine,  may  be  converted  into  secondary  and  ter- 
tiary amines  by  replacing  the  hydrogen  of  the  amidogen  by  other  radicals.  Thus. 
methylaniline,  NH.CH3.CfiH5,  and  dimethylanlline,  NC6H5(CHS)2,  are  obtained  by  the 
action  of  methyl  iodide  on  aniline,  or  by  heating  methyl  alcohol  with  amlinc 
hydrochloride,  in  a closed  vessel,  to  250°  C.,  when  the  hydrochlorides  of  the 
methyl  bases  and  water  are  produced.  Methyl  aniline  is  also  prepared  on  a large 
scale  by  the  action  of  methyl  chloride  on  a heated  mixture  of  aniline  and  caustic 
soda  ; 2CH,C1  + NH2C6Ha  + 2NaH0  = N C6H5(CH3)2  + 2NaCl  + 2H20.  They  are  liquids 
boiling  at  about  190°  C.,  and  used  in  the  manufacture  of  certain  aniline  dyes. 
JEthyl-methylaniline,  N.C6H6.C2H5.CH3,  and  other  similar  amines  have  been  ob- 
tained. „ 

4c6.  Phenylaniline,  or  diphenylamine,  NH(CeHs)2,  is  a secondary  monamine- 
obtained  by  heating  aniline  hydrochloride  with  aniline  to  250  C.,  m a closed 
vessel  from"  which  the  NH3  is  allowed  to  escape  from  time  to  time 

NH2C6H5.HC1  + NH2'CbH5  = NH(C6H5)2  + NH3.HC1; 
the  excess  of  aniline  employed  decomposes  the  ammonium  chloride,  so  that  a 
mixture  of  aniline  hydrochloride  and  diphenylamine  is  left ; on  adding  water,  the 
latter  is  left  undissolved.  It  is  a crystalline  solid,  soluble  in  alcohol  and  ether, 
and  having  feeble  basic  properties.  When  acted  011  by  nitric,  acid,  three  atoms 
of  the  phenyl  hydrogen  are  replaced  by  NO.,,  producing  trinitrodiphenylamine, 
MTTfp  t-t  mn  ) ) in  which  the  remaining  ammonia  hydrogen  may  be  replaced  by 
NH  the  resulting  compound,  N.NH4.(CuH2(N02)3)2,  being  used  as  an  orange  dyer 

Diphenylamine  is  used  as  a delicate  test  for  nitric  acid,  with  which  it  gi\es  a 
deep  blue  colour  in  acid  solutions,  from  the  production  of  dimtrodiphenylaminer 

N B^heathiS1 'diphenylamine  hydrochloride  with  methyl  alcohol  in  a closed  vessel, 
^^^Si«e;NCH,(CA),  * obtained.  It  is  a feebly  basic  liquid,  boiling 

at,  282°  C . used  in  the  manufacture  of  blue  colours. 

The  ammonia-hydrogen  in  aniline  may  be  evolved  by  dissolving  potassium  in 
the  base,  when  NHK.C0H6  and  NK2C  H5  are  produced 

with  phenyl  bromide,  the  tertiary  amine,  tnphenylamine,  N(C6H5)3,  is  pioduced 
NK2C„Hs  + 2CuH5Br  = N(C6H6)3  + 2KBr. 

This  compound  is  not  basic  ; it  is  insoluble  in  water,  but  may  be  crystallised  from 

SSSS  »ro  also  known  as 

ethene-aniline  and  diethene-amhne  and  af  ^ystaH me  sohds^ 

Phenylenc-diamine,  or  diamidobcnzene,  N21I4(C(1I  , 1 1 


AZOBENZENE. 


53r 


dinitrobenzene,  C,.H,(NO.,).„  with  iron  filings  and  acetic  acid,  just  as  phenylamine, 
NH.,.C8HS,  is  prepared  from  nitrobenzene,  C6H5.NO,,  the  two  nitroxyl  groups  being 
.reduced  to  two  amidogen  groups.  It  a crystalline  di-acid  base.  When  dinitro- 
benzene is  reduced  by  ammonium  hydrosulphide  (p.  579)>  ^he  ^'u'st  product  is  a 
jmllow  crystalline  body  called  nitraniline,  or  nitrophenylamine,  NH,.C6H,.NO.J ; it 
is  a very  weak  base.  Dinitr aniline,  NH.i.C,.H3(NO.,)2,  is  an  indifferent  bod} , and 
trinitr  aniline,  N H.,.CliIT.,(NO.,).j,  has  weak  acid  properties. 

C/ilor aniline,  N*H2.C#li4Ct  may  be  obtained  by  reducing  cUoronitrobenzene, 
C,.H,Cl.NO.„  with  tin  and  hydrochloric  acid.  It  is  a liquid  with  feeble  basic 
properties."  The  chloronitrobenzene  is  prepared  by  the  action  of  nitric  acid  on 
chlorobenzene,  C.H.Cl,  a fragrant  liquid  obtained  by  heating  benzene  to  150"  C. 
with  sulphuryl  chloride ; C8H6  + S02C12  = C8H5C1  + HC1  + SO,,.  Diclilor aniline 
NII.,.C,.H.JC1.„  trichlor aniline,  NH.,.C8H2013,  tetrachloraniline,  NH2.<J8HC14,  and  penta- 
Mdor aniline, "NH„.C8C1.,  have  been  obtained,  but  the  introduction  of  the  chlorous 
radical  has  destroyed  the  basic  character  of  the  aniline-type.  The  corresponding- 
bromine  compounds  have  been  obtained;  tribromaniline  is  precipitated  when 
bromine  water  is  added  to  an  aqueous  solution  of  aniline.  Mono-,  di-,  and  tri- 
.iodaniline  are  also  known. 

458.  Azobenzene,  CcH,N  : N CG1T. , a representative  of  the  class  of  azo- 
compounds,  is  formed  from  aniline  by  certain  processes  of  moderate  oxida- 
tion which  remove  the  Id.,  of  the  amidogen  from  two  molecules  of  aniline, 
leaving  the  residues  to  combine  and  produce  a molecule  of  azobenzene ; 
2NH3CeH5  + 0.,  = 2H.0  + (CgH,N).,  It  is  formed  when  aniline  hydro- 
chloride is  oxidised  with  potassium  permanganate.  Since  aniline  is 
•obtained  by  the  reduction  of  nitrobenzene,  azobenzene  might  be  ex- 
pected to  be  produced  in  the  same  way,  and  accordingly,  if  an  alcoholic 
solution  of  nitrobenzene  be  treated  with  sodium  amalgam,  or  with  zinc- 
dust  and  NallO,  the  nascent  hydrogen  converts  the  nitrobenzene  into 
azobenzene;  cCfiH.NO.,  + Hg  = (CGH.N).,  + 4H20.  It  is  readily  obtained 
by  dissolving  nitrobenzene  in  alcohol,  adding  an  equal  weight  of 
potassium  hydrate,  and  distilling,  when  the  alcohol  is  oxidised  to  acetic 
acid,  and  the  nitrobenzene  is  reduced  to  azobenzene.  At  the  end  of 
the  distillation,  it  comes  over  as  a dark-red  oil,  which  solidifies  after  a 
time  to  a crystalline  mass,  fusible  at  66°  C.,  and  boiling  at  293°  C. ; 
it  is  insoluble  in  water,  but  may  be  crystallised  from  alcohol  or  ether  in 
beautiful  red  tables  resembling  potassium  dichromate. 

Azobenzene  (formerly  called  azobenzide)  is  obtained  at  the  end  of  the  distilla- 
tion in  the  preparation  of  aniline  from  nitrobenzene  (p.  579)  by  the  action  of  iron. 
The  hydrogen  in  azobenzene  admits  of  replacement  by  chlorous  radicals,  such  as 
Cl,  N02,  and  H S03,  forming  numerous  substitution-products,  most  of  which  are 
highly  coloured.  When  azobenzene  is  dissolved  in  acetic  acid  and  oxidised  by 
chromic  acid,  it  is  converted  into  azoxybenzene,  C6HAN.O.NC8H5,  which  is  the  first 
product  of  the  reduction  of  nitrobenzene  by  alcohol  and  potash.  It  crystallises 
in  yellow  needles  fusing  at  36°  C.,  insoluble  in  water,  but  soluble  in  alcohol. 

lly  dr  azobenzene,  C8H5HN.NHC8H5,  is  the  compound  intermediate  between  azo- 
benzene, C6H5N.NC,.H5,  and  a double  aniline  molecule,  (C8HS.H2N)2.  It  is  formed 
when  nascent  hydrogen  combines  with  azobenzene,  and  may  be  prepared  by  dis- 
solving azobenzene  in  alcohol,  passing  ammonia  gas,  and  afterwards  H2S  till  the 
solution  is  colourless.  On  adding  water,  the  hydrazobenzene  is  precipitated, 
■and  may  be  crystallised  from  alcohol.  It  forms  colourless  tables,  which  become 
orange  in  air,  from  production  of  azobenzene,  and  have  the  odour  of  camphor. 
Its  formation  is  explained  by  the  equation — 

CuH8N.NCeH5  + H„S  = C6H5HN.NHC„H5  + s. 

A convenient  method  of  converting  azobenzene  into  hydrazobenzene  is  to  boil  its 
alcoholic  solution  with  zinc-dust  until  it  is  colourless. 

When  heated,  hydrazobenzene  is  decomposed  into  azobenzene  and  aniline — 
2(C8HsHN.NHC6H5)  = C8HiN.NC8Ha  + 2(C8H5.H2N). 

When  dissolved  in  hydrochloric  or  sulphuric  acid,  it  is  converted  into  an  isomeric 
base,  NH„.H4C8.C8H4.NH2,  known  as  benzidine,  or  diamido-diphenyl,  which  crystal- 


582 


THE  1 HAZO-EK  ACTION. 


lises  in  silvery  plates  from  hot  water,  ancl  is  precipitated  from  its  hydrochloride 
by  ammonia. 

459.  Diazobenzene  is  the  name  given  by  its  discoverer  to  the  product 
of  the  action  of  nitrous  acid  upon  aniline,  because  he  regarded  it  as 
benzene,  C6HG,  in  which  two  nitrogen  atoms  replaced  two  hydrogen 
atoms,  and  the  apparently  appropriate  name,  dinitrobenzene,  had 
already  been  conferred  upon  CGH4(N02)2,  resulting  from  the  action  of 
nitric  (and  sulphuric)  acid  on  benzene.  The  French  name  for  nitrogen,. 
azote,  was  therefore  brought  into  use. 

Diazobenzene  nitrate,  C6H.N1,.N03,  is  prepared  by  passing  N203  gas 
into  a thin  paste  of  aniline  nitrate  and  water,  cooled  by  ice  and  salt, 
until  potash  no  longer  precipitates  aniline.  A brown  product  is  filtered 
off',  and  alcohol  added  to  the  filtrate,  when  the  nitrate  separates  in 
colourless  needles.  These  are  soluble  in  water,  but  insoluble  in  ether, 
and  sparingly  soluble  in  alcohol.  When  heated  to  90°  C.,  it  detonates 
with  extreme  violence,  and  a blow  detonates  it  like  mercuric  fulminate ; 
it  has  been  proposed  for  use  in  detonating  primers. 

The  theory  of  its  production  is  important  on  account  of  its  general 
bearing.  The  old  view  regarded  it  as  formed  by  the  substitution  of  an 
atom  of  triad  nitrogen  for  three  hydrogen  atoms  in  aniline,  as  in  the 
equation,  C6H.N.HN03  (aniline  nitrate)  + HNO„  (nitrous  acid)  = 
CGH4N2.HN03  * (diazobenzene  nitrate);  here,  the  diazobenzene  is  re- 
presented as  benzene,  CgH,.,  in  which  H2  have  been  replaced  by  N2„ 
The  reactions  of  the  diazobenzene  salts,  however,  indicate  the  presence 
of  the  phenyl  group,  CgH. ; thus,  when  boiled  with  water,  the  nitrate 
evolves  phenol,  known  by  the  smell — 

CuH5N.,N03  + H„0  = C,;H5.OH  + Ns  + HNOs; 

when  boiled  with  alcohol,  it  yields  benzene  and  aldehyd — 

C6H5N2.N03  + e,HvHO  = C.,H40  + C'JE.H  + Ns  + HN03; 
boiled  with  hydrochloric  acid,  it  gives  chlorobenzene— 

C#H5N,,N03  + HG1  = C'6H.C1  + N.,  + HN03. 

Accordingly,  modern  chemists  regard  the  substitution  of  1ST"  for  II. 4 
as  having  taken  place  in  an  1STH3  group,  the  aniline  nitrate  being 
represented  as  phenyl-ammonium  nitrate;  CGH5.NH3.N03+ HNOa  = 
C H.N(N).N03  + 2H20.  The  general  mode  of  action  of  nitrous  acid 
upon  bodies  containing  the  NH,  group  consists  in  substituting  (OH)' 
for  (NH,)' ; thus,  H.NH„  + HO. OH  = H.OIT  + H20  + Na ; in  a similar 
wa.y,  aniline  is  converted  into  phenol  by  the  action  of  nitrous  acid  ; 
C H.JSTH  + NO. OH  = CrH..OH  + H,0  + Na.  But  when  a salt  of  an 
aromatic  amine  is  acted  on  by  nitrous  acid,  no  nitrogen  is  evolved,  the 
N of  the  UNO,  being  exchanged  for  H2  from  the  amine,  and  H from 
the  acid,  thus  linking  the  residues  to  form  a new  molecule— 
CuH5.NH,.HN03  + HN02  = C8H5N.N.N03  + 2H..O. 

The  diazo-reaction,  as  it  is  termed,  is  of  great  importance  in  investi- 
gating the  constitution  of  organic  compounds,  especially  of  those  derived 
from  benzene,  for,  by  treatment  with  nitrous  acid,  a nitro-substitution 
product  may  be  converted  into— (1)  the  amido-com pound,  e.g.,  nitro- 
benzene, C(.H5.N02,  into  aniline,  C6H..NHS;  (2)  the  diazo-compound. 
e.g.,  aniline  into  diazobenzene,  BGH..N2 ; (3)  the  hydroxide,  e.g.,  (hazo- 
benzene  into  phenol,  C6H..OH ; (4)  the  halogen- derivative,  e.g.,  diazo- 
benzene  into  chlorobenzene,  C6H,,Cfl  ; and  (5)  the  hydrocarbon  itse  , 
e.g.,  diazobenzene  into  benzene,  C0H..n. 
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By  decomposing  diazobenzene  nitrate  with  potash,  the  compound  C(.H5N2.OK 
is  obtained,  in  which  the  potassium  may  be  replaced  by  other  metals,  producing 
unstable  and  sometimes  explosive  compounds.  By  acting  on  the  potassium  com- 
pound with  acetic  acid,  diazobenzene  hydroxide,  C8HsN2.OH,  is  obtained  as  a iei\ 

unstable  liquid.  . ...  ...  , , 

Diazobenzene  chloride,  C6H5N.,.C1,  is  prepared  by  dissolving  aniline  m diluted 
HC1,  cooling  the  solution,  and  adding  sodium  nitrite  till  the  smell  of  rations  ^ 
vapour  is  perceptible.  It  is  known  only  in  solution,  and  is  employed  m the  pre- 
paration of  some  of  the  aniline  colours.  When  it  is  acted  on  by  aniline,  1 jie  ( s 
amido-azobenzene,  C ..  II-  N . N . Cu  If, . N H . , , or  aniline  yellow 

C8H5N2.C1  + C6Hs.NH2  = C6H5N.NC8H4.NH2  + HC1. 

Diazo-amidobenzene,  C0H5N2.NH.C6H5,  is  a yellow  crystalline  body  formed  by  the 
action  of  N„03  upon  a cold  alcoholic  solution  of  aniline  - 

‘ 2(C8H5.NH2)  + hno2  = c6hsn2.nhc8h5  + 2B.fi. 

460.  Diamido-azobenzene,  CaH5N.N.C6Hs(NH,)2,  is  produced  by  the  action  of 
phenylene-diamine,  on  diazobenzene  chloride — 

N2H4(CuH4)"  + C6H5N2C1  = C6H5N.N.C6Hs(NH2)2  + HC1._ 

The  hydrochloride  is  used  as  an  orange  dye  under  the  name  of  chrysoidm. 

Triamido-azobenzene,  C6H4(NH2)N.N.C8H3(NH2)2,  is  prepared  by  the  action  of 
sodium  nitrite  on  a cold  dilute  solution  of  pheuylene-diamine  in  hj  drocliioiic 
acid  ; 2N2H4(C6H4)’'  + HNO2  = C.H4(NH,)N2C0Hs(NH2)2  + 2H2O.  The  hydrochloride 
is  used  for  dyeing  wool  brown  {plienylene  brown). 

The  solution  of  phenylene-diamine  hydrochloride  produces  a yellow  or  biown 
colour  in  extremely  dilute  solutions  of  nitrites. 

Nearly  all  the  azo-compounds  which  contain  either  the  HO  or  the  Mb  group 
mav  be  used  as  dyes,  though  many  of  them  are  very  fugitive. 

Dimcthylamidoazobenzene,  C6H5N2.CcH4N(CH3)2,  is  obtained  by  the  action  of 
methyl  iodide  on  amido-azobenzene  ; it  is  a red  crystalline  base,  which  is  con- 
verted by  fuming  sulphuric  acid  into  dimethylamido-azobenzene  sulphonic  acid, 
C6H4(S03H)N2.CsH4.NtCH3)2,  precipitated  by  water,  and  crystallising  in  violet 

Ammoniuvi-diinethylamidoazobenzene  sulphonate,  CeH4(SO3NH4)N2.C0H4.N(CH3)2, 
is  used  as  a red  dye  under  the  names  Tropceolin * D and  Orange  III.  It  is  some- 
times used  in  analysis  instead  of  litmus,  as  its  orange-coloured  aqueous  solution 
becomes  light  red  with  a trace  of  free  acid.  _ _ . 

461.  Amulobenzene  sulphonic  acid,  or  snlphanilic  acid,  or  aniline  sulphonic  acid, 

CbH4(SOsH).NH2,  is  obtained  by  dissolving  aniline  in  half  its  weight  of  sulphuric 
acid,  mixed  with  water,  evaporating  to  dryness,  adding  a similar  quantity  ot 
sulphuric  acid,  mixing  to  a paste  with  sand,  drying  up,  and  crystallising  from 
boiling  water.  When  this  is  dissolved  in  soda,  mixed  with  sodium  nitrite,  and 
poured  into  cooled  sulphuric  acid,  di-azobenzene  sulphonic  acid,  C„H4S03N2,  is 
precipitated;  C6H4.S03H.NH2  + HN02  = C6H4S03N2  + 2H..O.  By  acting  on  this 

with  diphenylamine,  N H(CGH.)2,  a steel-blue  crystalline  acid  is  obtained,  which 
is  phenylamido-uzobenzene  sulphonic  acid,  C6H4.S03H.N2.C6H4NH.C6H!).  The  potas- 
sium salt  of  this  acid  is  sold  as  Tropceolin  00  or  Orange  1 V,  and  used  as  a 
golden  yellow  dye.  It  is  a good  substitute  for  litmus,  as  its  solution  is  changed 
to  bright  red  by  the  stronger  acids,  but  is  not  affected  by_C02  or  II2S. 

By  heating  the  above  sulphonic  acid  with  aniline,  azodiphenyl  blue,  or  induhne, 
is  obtained,  together  with  aniline  sulphonic  acid — 

u8h4.so3h.n2.c8h4nh.c8h5  + NH2.ChH5  = C1SH15N3  + C6H4(SOsH).NH 

Commercial  induline  is  the  hydrochloride,  which  forms  crystals  neaily  insoluble 
in  water,  but  dissolved  by  alcohol  to  a blue  solution. 

Nigr aniline,  or  aniline  black,  C30H25N5,  is  a di-acid  base  of  uncertain  constitution, 
obtained  as  an  amorphous  precipitate  by  the  action  of  potassium  permanganate 
or  chlorate  upon  aniline  salts.  In  calico-printing,  a mixture  of  sodium  chlorate, 
aniline  hydrochloride,  and  a little  ammonium  vanadate  is  employed;  the  latter 
appears  to  act  as  a carrier  of  oxygen. 

Aafranine,  or  aniline  pink,  C18HI4N4.HC1,  is  obtained  by  oxidising  a mixture  of 
aniline  hydrochloride  and  diamidobenzene  hydrochloride  with  potassium  di- 
chromate; 2NH2CsH5  + C0H4(NH2)2  + O4  = CISHllN4  + 4ll29- 

When  aniline  black  is  boiled  with  tin  and  HC1,  it  is  converted  into  diamido- 
diphenylamine,  NH(C0H4.NH2)2,  which  may  be  crystallised  from  water.  If  this  be 

* From  the  flowers  of  Tropceolum  majus , the  garden  Nasturtium. 
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heated  with  sulphur,  and  the  product  oxidised  by  ferric  chloride,  it  yields 
thionine  hydrochloride,  or  Lauth's  violet,  C12HI)N3S.HC1,  which  crystallises  in  beetle- 
green  needles  slightly  soluble  in  cold  water,  and  dissolving  when  heated  to  a 
violet  solution  in  which  ammonia  gives  a black  crystalline  precipitate  of  thionine. 

Tetramethyl-thionine  chloride,  C12H6(CH3).,N3SC1,  or  methylene  line,  is  prepared 
from  dimethylaniline  hydrochloride  by  treating  it  with  sodium  nitrite  and  after - 
, wards  with  hydrosulphuric  acid.  The  excess  of  the  latter  is  oxidised  by  potas- 
sium dichromate,  the  solution  saturated  with  NaCl,  and  ZnCL  added,  which 
forms  an  insoluble  compound  with  the  chloride  ; the  latter  may  be  obtained  pure 
by  recrystallisation  from  hot  dilute  HC1.  It  forms  bronze-green  crystals,  which 
dissolve  in  cold  water  to  a fine  blue  liquid  employed  in  dyeing,  being  fixed  on 
cotton  with  a mordant  of  antimony  tannate.  It  has  also  been  found  very  useful 
as  a staining  material  for  microscopic  physiology. 

The  production  of  methylene  white,  C12H7(CH3)4N3S,  by  the  action  of  reducing 
agents  has  led  to  the  use  of  methylene  blue  for  measuring  the  reducing  power  of 
different  portions  of  the  body.  The  formation  of  the  blue  is  one  of  the  most 
delicate  tests  for  H„S  in  solution ; the  liquid  to  be  tested  is  mixed  with  excess  of 
HC1,  a little  dimethyl-paradiamido-benzene  sulphate  added,  followed  by  a drop 
of  ferric  chloride. 

Tetramethyl-thionine  hydroxide,  C12H(j(CH3)4N3S.OH,  is  an  ammonium  base  ob- 
tained by  decomposing  the  chloride  with  silver  hydrate. 

462.  Toluicline,  ]STH2.C7H7,  or  amido-toluene,  CGH4.CH3.NH2,  is  iso- 
meric with  methyl-aniline.  It  is  prepared  by  reducing  nitrotoluene, 
just  as  aniline  is  prepared  from  nitrobenzene.  There  are  three  isomeric 
toluidines  known  : ortho-,  meta-,  and  para-to!uidine,  obtained,  respectively, 
from  ortho-,  meta-,  and  para-nitrotoluenes.  Orthotoluidine  is  a liquid 
resembling  aniline,  of  sp.  gr.  1.003,  and  boiling  point  199  .5  C.  It  be- 
comes pink  in  air.  Chloride  of  lime  gives  it  a brown  colour,  which  is 
changed  to  red  by  acids.  The  aniline-oil  of  commerce  always  contains 
toluidine,  so  that  it  gives  a brown  colour  with  chloride  of  lime,  as  well 
as  the  violet  due  to  aniline.  By  shaking  with  ether,  the  toluidine 
brown  is  removed,  and  becomes  pink  when  the  ethereal  layer  is  shaken 
with  acetic  acid.  Metatoluidine  is  a liquid  of  sp.  gr.  0.998,  and  boiling 
at  1 97°  C.  Paratoluidine,  which  is  the  chief  constituent  of  commercial 
toluidine,  is  a crystalline  solid;  fusing  at  450  C.  and  boiling  at  198  C. 
It  is  sparingly  soluble  in  water,  and  is  feebly  alkaline  ; alcohol  and  ether 
dissolve  it.  Its  basic  properties  are  weak.  Its  oxalate  is  insoluble  in 
ether,  which  dissolves  orthotoluidine  oxalate.  When  metkylaniline  hy- 
drochloride is  heated  to  350°  C.,  it  is  converted  into  the  isomeric  para- 
toluidine hydrochloride;  NH.CH3.C6H5.HC1  — NIT.,  C6H4.CH.t.IICl. 

Mauviine,  C„7H„4N4,  is  a base  of  unknown  constitution,  formed  when  commer- 
cial aniline  containing  toluidine  is  converted  into  sulphate,  dissolved  in  water,  and 
oxidised  by  enough  potassium  dichromate  to  form  K.,S04  ; after  some  hours,  a 
black  precipitate  separates,  which  is  washed,  dried,  purified  by  digesting  with 
benzene,  and  boiled  with  alcohol ; on  evaporating  the  solution,  a bronze-coloured 
mass  of  mauve ine  sulphate  is  left,  which  is  soluble  in  hot  water.  This  was  the 
first  discovered  of  the  now  numerous  aniline  dyes,  and  was  named,  alter  its 
discoverer,  Perkin's  purple.  The  base  appears  to  result  from  the  oxidation  ot  a 
mixture  of  one  molecule  of  aniline  and  three  of  toluidine 

C„H7N  + 3C7Ii,N  + 05  = SH20  + C27H24N, 

The  sulphate  is  (C27H24N4)2H2S04.  By  dissolving  it  in  boiling  water  and  adding 
potash,  mauveine  is  precipitated  in  black  shining  crystals,  soluble  m alcohol,  with 
a violet  colour  changed  to  blue  by  strong  acids,  and  to  purple  by  absorption  ol  U V 
The  acid  carbonate,  C27H24N4.H.,C03,  is  obtained  in  bronze-green  prisms  by  passin0 

CO,,  through  a hot  alcoholic  solution.  . 

hosaniline,  C20H10N3,  is  another  base  of  obscure  constitution,  obtained l by  the 
action  of  oxidising  agents  upon  the  mixture  of  aniline  and  toluidine  w hich  coni 
poses  the  aniline  of  commerce,  the  equation  for  its  formation  being  probahiy 


C„H7N  + 2C7H„N  + 03  = 3H..0  + 
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Its  salts  are  used  in  dyeing,  under  the  names  of  aniline  red,  magenta,  juchsine, 
roseine,  azaleine,  &c.,  but  the  base  itself  is  colourless.  . 

To  prepare  it,  5 parts  of  aniline-oil  and  6 parts  of  commercial  arsenic  acid,  and 
a little  water,  are  heated  to  about  130°  C.,  for  about  six  hours.  The  bronze-green 
mass  is  boiled  with  water,  and  a slight  excess  of  soda  added,  which  precipitates 
.the  rosaniline  ; this  is  washed,  and  dissolved  in  acetic  acid,  which  gives  a lec 
solution,  from  which  rosaniline  acetate,  C.J0H ,9N3.  HC2H302,  may  be  crystallised  111 
splendid  bronze-green  rhombic  octahedra.  If  this  be  dissolved  in  hot  watei, 
mixed  with  ammonia,  and  filtered  rapidly,  the  solution  deposits  colourless  plates 
•of  C.J1,„N  TJ.,0,  sparingly  soluble  in  water,  but  yielding  a bright  red  solution  with 
alcohol  or  acetic  acid.  The  crystals  absorb  CO.,  from  the  air,  and  become  let . 
Rosaniline  is  a triamine,  and  forms  monacid,  di-acid,  and  tri-acid  salts,  the 
monacid  salts  yield  red  solutions,  changed  to  brown  by  excess  of  acid  from 
formation  of  tri-acid  salts,  which  are  decomposed  again  by  water.  The  red  solutions 
.are  bleached  by  zinc  and  sulphuric  acid,  or  by  ammonium  sulphide,  the  rosaniline 
being  converted  into  leucaniline,  C20H21N3,  which  gives  colourless  tri-acid  salts. 
Oxidising  agents  reproduce  the  red  colour.  Commercial  aniline  also  yields 
rosaniline  hydrochloride  when  heated  with  chlorinating  agents,  such  as  stannic 
and  mercuric  chlorides.  A fragment  of  corrosive  sublimate  fused  in  a test-tube 
with  a little  aniline  quickly  converts  part  of  it  into  rosaniline-  hydrochloride.* 
When  rosaniline  acetate  is  boiled  with  excess  of  aniline,  the  rosaniline  becomes 
triphenyl-rosaniline,  ammonia  being  evolved — 

CjoH^Ng  + 3(NH».C6HS)  = C20H,6(CBHS)3N3  + 3NII3. 

On  treating  with  hydrochloric  acid,  triphenylrosaniline  hydrochloride,  01  aniline 
blue,  or  opal  blue,  is  obtained  ; it  is  insoluble  in  water,  but  crystallises  fiom  hot 
alcohol.  By  dissolving  it  in  alcoholic  ammonia,  and  adding  water,  a white  pre- 
cipitate of  C20H|6(CbH5)3N3.H2O,  is  obtained,  which  becomes  blue  in  the  air,  and 
Yields  blue  salts  with  acids.  By  heating  rosaniline  acetate  with  two  mole- 
cules of  aniline,  a violet  dye  is  obtained  which  contains  diphenyl-rosaniline. 
If  aniline  blue  be  heated  with  fuming  sulphuric  acid,  it  is  converted  into  tri- 
phenyl-rosaniline  rnonosidplionic  acid,  C20H18(CgH5)2C6H4(HSO3)N3,  which  is  precipi- 
tated by  water,  and  dissolved  in  soda,  to  form  the  sodium-salt  used  as  alkali  blue, 
or  Nicholson's  blue.  /Soluble  blue  is  the  sodium  triphenyl-rosaniline  disnlphonate. 
By  the  action  of  methyl  iodide  in  closed  vessels,  a violet  dye  containing  tri- 
methyl-rosaniline  methyliodide,  C20H]B(CH3)3N3.CH3I,  is  obtained.  Iodine  preen  con- 
tains an  additional  CH3I ; both  are  formed  when  rosaniline  acetate  is  heated,  in  a 
closed  vessel,  to  ioo°,  for  some  hours,  with  methyl  alcohol  and  excess  of  methyl 
iodide ; after  distilling  off  the  excess,  the  iodine  green  is  extracted  from  the 
residue  by  a strong  solution  of  NaCl.  It  forms' splendid  green  crystals  soluble 
in  alcohol.  The  commercial  iodine  green  is  usually  the  picrate.  . It  retains  its 
green  colour  by  candle-light.  Ethyl  and  amyl  iodides  yield  similar  colours. 
Alclehyd  yreen  is  prepared  by  the  action  of  aldehyd  on  rosaniline  dissolved  in 
sulphuric  acid  at  ioo°,  the  blue  solution  being  poured  into  a boiling  solution  of 
sodium  thiosulphate  ; on  boiling,  the  green  is  formed,  and  may  be  precipitated 
from  the  solution  by  sodium  acetate  ; its  constitution  is  not  known. 

Chrysaniline,  C20H17N3,  is  found  among  the  secondary  products  in  the  prepara- 
tion of  aniline  red.  it  is  a bright  yellow  powder,  nearly  insoluble  in  water,  but 
soluble  in  alcohol.  Diluted  hydrochloric  acid  dissolves  it,  and,  on  adding  the 
strong  acid,  a scarlet  crystalline  precipitate  of  C20H„N3.2HC1  is  obtained.  Ihe 
sparing  solubility  of  its  nitrate  is  remarkable  ; even  from  a weak  solution  of  the 
hydrochloride,  nitric  acid  precipitates  C20H17N3.HNO3  in  red  needles.  Chrysaniline 
forms  monacid  and  di-acid  salts. 

Malachite  green,  C^H^N^  is  obtained  by  heating  benzoic  aldehyd  with  dimethyl- 
aniline  and  zinc  chloride;  C,.H5.C0H  + 2N(CH3)2CBH5=C23H28N2  + H20 ; it  forms 
green  crystals  ; the  zinc  chloride  acts  as  a dehydrating  agent. 

463.  Xylidine,  NH,.C8H9,  or  amido-xylene,  CGH3(CH3)2.NH2,  is  iso- 
meric with  dimethylaniline,  and  may  be  prepared  by  the  reduction  of 
nitro-xylene.  There  are  three  isomeric  xylidines,  distinguished  as  ortho-, 
meta-,  and  para-xylidine ; they  are  all  liquid.  Xylidine,  like  toluidine, 
forms  colouring  matters  with  aniline  under  the  influence  of  oxidising  or 

* Rosaniliue  is  also  produced  by  oxidising  toluidine  with  nitrobenzene — 
2NH/J-H7  + CjHjNOo  = U2oU,,N3  + 2ll20. 
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chlorinising  agents;  xylicline-rosaniline  forms  crimson  salts,  and  is  pro- 
duced by  the  reaction  NH,.C6HS  + 2(NH2.C8H0)  = C22H23ISr3  + HG. 

Cymidine,  NHa.C10Hu,  or  amido-cymene,  C0H(CH8)4.NH2,  is  obtained 
by  the  reduction  of  nitro-cymene. 

“ Benzylamine,  C8H5.CH2.NH2,  is  produced  by  the  action  of  benzyl  chloride  upon 
ammonia  in  alcoholic  solution;  C8HS.CH2C1  + NH3=C8HS.CH.,.NH2.HC1.  By  dis- 
tilling the  hydrochloride  with  potash,  it  is  obtained  as  a colourless  liquid,  boiling 
at  i S30.  It  is  metameric  with  toluidine,  and  differs  greatly  from  it,  being  easily 
soluble  in  water,  and  strongly  alkaline.  It  is  a more  powerful  base  than 
toluidine. 

Dibevzylamine , (C8H5.CH2)2NH,  and  tribenzyl amine,  (C8H5.CH2)3N,  are  formed 
in  the  same  reaction  as  benzylamine.  The  secondary  amine  is.  a liquid,  boiling 
at  about  300°  (A,  and  the  tertiary  is  a crystalline  body,  soluble  in  hot  alcohol. 

Naphthyl  amine,  or  naphthalidine,  NH2.C10H7,  or  amido-n  aphthalene,  is  prepared 
from  nitro-naphthalene,  C10H,.NO„,  in  the  same  way  as  aniline  from  nitrobenzene. 

It  forms  colourless  needles,  having  a disagreeable  smell  of  mice,  fusing  at  50  C_ 
and  boiling  at  300°  C.  It  dissolves  sparingly  in  water,  but  easily  in  alcohol, 
and  forms  well-crystallised  salts,  which  give,  with  ferric  chloride,  a blue  pre- 
cipitate, changing  to  purple  oxynaphthylamine , C10H9lSTO.  An  isomeric,  or 
(3-n aphthylu mine,  is  known,  which  gives  no  colour  with  ferric  chloride. 

I) ia/mido-n aphthalen e , (NH,j2.C10H8,  or  naphthylene  diamine,  N2H4(C10H8) corre- 
sponding to  phenylene  diamine,  is  obtained  by  the  reduction  of  dinitronapli- 
thalene  ; it  is  a crystalline  base.  There  are  two  other  bases  isomeric  with  it. 

Diazo- naphthalene  nitrate,  C)0H,N2.NO3,  corresponding  to  diazobenzene  nitrate,, 
is  an  unstable  salt  formed  by  the  action  of  nitrous  acid  on  naphthylamine 
nitrate;  CI0H7.NHrNO3  + HNO2=C]0H7N.N.NO3  + 2H20.  This,  when  boiled  with 
water,  decomposes  like  diazobenzene  nitrate,  yielding  naphthol,  C10HS.OH,  m 
place  of  phenol ; C10H7N2.NO3  + H2O  = C10H7.OH  + N2+HNO3. 

Amid  0 -azo-naphthalene,  C10H7N.N.C10II(..NH„,  is  prepared,  like  the  benzene  deriva- 
tive, by  adding  an  alkaline  nitrite  to  a solution  of  naphthylamine  in  II Cl.  it 
crystallises  from  alcohol  in  red  needles  with  a green  metallic  lustre,  and  yields 
violet  salts  which  are  di-acid. 

Magdala  red,  or  naphthalene  red,  C:oH21N3.HCl.Aq,  is  the  hydrochloride  of  a base 
similar  to  rosaniline,  obtained  by  heating  amidoazonaphthalene  with  naphthyl- 
amine  ; C20H13N3+C10H9N  = C,0H.  ,N3  + NH3.  The  hydrochloride  crystallises  m 
needles  with  a green  lustre,  yielding  a red  highly  fluorescent  solution  m alcohol. 

Diazo-amiclo-naplitlialene , C10H7.N2.NHC10H7,  is  metameric  with  amidoazo- 
naplithalene,  and  is  obtained  by  passing  into  a cold  solution  of  naphthyl- 

amine  ; 2(C10H7.NH2)  + HNO2=C10H7.N2.KHC10H7  + 2H2O.  It  forms  brown  crystals, 
which  are  explosive,  and  are  decomposed  when  heated  with  acids,  yielding  napn- 
thylamine  and  naphthol ; C10H7.N2.NHC,0H7  + H„0  = NH2.t'10Il7  + C U1H  OH  + h2. 

464.  Amides.  — Tlie  amides  may  be  regarded  as  composed  upon  the 
model  of  NH3,  by  the  substitution  of  a negative  or  acid  radical  for  hydro- 
gen ; thus,  acetamide,  NH2.C,,H30,  has  the  radical  acetyl,  C2HsO,  i<- 
placing  one-third  of  the  IT  in" NH3.  The  amides,  like  the  amines  (p.  574)? 
may  be  primary,  secondary,  or  tertiary  accordingly  as  one,  two,  or  three 
atoms  of  H in  the  NH,  group  has  been  replaced,  and  they  may  be  mon- 
amides, diamides,  or  triamides;  accordingly  as  they  are  formed  upon  the 
model  of  one,  two,  or  three  ammonia  molecules. 

Amides  maybe  formed  from  ammonia,  in  the  same  manner  as  amines, 
by  the  action  of  the  chloride  of  a negative  radical,  when  the  chlorine 
removes  the  ammonia-hydrogen,  or  by  the  action  of  an  ethereal  salt, 
when  the  hydrogen  is  exchanged  for  the  acid  radical.  Amides  may 
also  be  formed  from  the  acids  by  combining  them  with  ammonia,  and 
dehydrating  by  heat  or  otherwise,  when  the  ammonia-hydrogen  and  the 
HO  group  of  the  acid  will  form  water,  leaving  the  NH.  group  in  com- 
bination with  the  acid  radical.  This  mode  of  formation  explains  the 
characteristic  property  of  the  amides  to  be  converted  by  hydrolysis  (01 
assimilation  of  the  elements  of  water)  into  ammonia-salts. 


AMIDES. 


58/ 


Formamide,  NII...HCO,  may  be  obtained  by  distilling  ammonium  formate; 
NH4.CO.OH  = NHjj. HCO  + HOH ; or  by  saturating  ethyl  formate  with  ammonia 
and  heating  to  100°,  for  two  days,  in  a sealed  tube 

HCO.OC2H5  + NH3  = HCO.NH.,  + HO.C2Hb. 

It  is  a liquid,  boiling  at  1930  C.,  part  of  it  being  decomposed,  yielding  water, 
carbonic  oxide,  ammonia,  and  hydrocyanic  acid — 

2(NH.,HC0)  = HoO  + CO  + NHS  + HON. 

Strong  potash  converts  it,  at  once,  into  potassium  formate  and  ammonia 
NH...HCO  + KHO  = HCO.OK  + NH3. 


Formamide  is  also  produced  by  the  distillation  of  ammonium  oxalate. 

Methyl  formamide,  NH.CH3.CHO,  is  obtained  by  distilling  methylamine  formate. 
Ethyl  formamide  is  produced  by  the  action  of  ethylamine  on  ethyl  formate. 

Ethylene  di formamide,  N.,H,(C2H4)"(CHO)2,  is  formed  when  ethylene-diamine  is 
heated  with  chloral;  N2H4(C2H4)''  + 2CCl3CHO=N2H2(C2H4)''(CHO)2+2CHCl3.  It 
is  a liquid,  which  is  decomposed,  when  heated  with  acids  or  alkalies,  into  ethylene- 


diamine  and  formic  acid. 

Acetamide,  NH..CH..CO,  is  prepared  by  decomposing  ethyl  acetate  with  strong 
ammonia;  CH3.CO.OC2Hs  + NH3=CH3.CO.NH2  + HO.C„Hs ; the  reaction  takes 
1 /lace  even  in  the  cold,  but  more  rapidly  on  heating;  on  distilling  the  product, 
that  which  distils  above  200°  C.  is  chiefly  acetamide.  It  may  also  be  obtained  by 
distilling  ammonium  acetate  ; CHs.CO.ONH4  = CH3.CO.NH2+  H20  ; or  by  distilling 
a mixture  of  ammonium  chloride  with  dry  sodium  acetate.  The  reaction  between 
ammonia  and  acetyl  chloride  also  yields  acetamide — 

2NH3  + C2H3O.Cl  = NH2.C2H30  + NH4C1. 

It  crystallises  in  needles  smelling  of  mice,  fusing  at  78"  C.  and  boiling  at  222c  C., 
soluble  in  water  and  alcohol,  but  sparingly  in  ether.  It  acts  as  a weak  base, 
forming  unstable  crystalline  salts.  Solution  of  acetamide  dissolves  silver  oxide, 
and  deposits  silver  acetamide,  C2H3O.NHAg.  With  mercuric  oxide,  crystals  of 
mercuric  acetamide,  (C.,H3O.NH)2Hg,  are  obtained.  Boiling  with  water,  especially 
in  presence  of  acids  or  alkalies,  converts  acetamide  into  acetic  acid  and  ammonia ; 
X H.,C.,H30  + HOH  = NH3  + H0.C2H30.  When  distilled  with  powerful  dehydrating 
agents,  such  as  P„Oa  or  ZnCl2,  it  yields  acetonitrile,  or  methyl  cyanide — 


NH.,C2H30  = NC.CH3  + H.,0. 

The  three  chloracetic  acids  yield  corresponding  amides — monoclilor acetamide, 
X H2.C„H2C10  ; dichlor acetamide,  NH2.C2HC120  ; and  trichlor acetamide,  NH2.C2ClaO, 
all  crystalline  solids  with  high  boiling  points. 

l'Akyl  acetamide,  NH.C2H5.C2H30,  is  a liquid  formed  when  ethylamine  acts  on 
ethyl  acetate. 

Di-acetamide,  NH(C.,H30)2,  is  obtained  by  heating  acetamide  in  hydrochloric 
acid  gas;  2NH.,C.,H30  + HCi=NH(C„H30)„  + NH4Cl ; or  by  acting  on  acetamide 
with  acetyl  chlo'ride ; NH.,.  C2H30  + C2H3O.Cl =NH(02H30)2  + HC1.  It  forms  crystals 
soluble  in  water,  and  having  weak  acid  properties. 

Tri-acetamide,  N(C„H30).,,  is  obtained  by  heating  acetonitrile  with  acetic  anhy- 
dride to  200°  C.  ; NC.CH3  + (C2H30)20  = N(C2H30)3.  It  may  be  crystallised  from 
ether,  and  is  neit  her  basic  nor  acid. 

Propionamide,  NIL,  C3HaO,  and  hutyramide,  NH,.C4H70,  are  prepared  like  acet- 
amide. 


Valeramide,  NH„.CaHsO,  is  obtained  by  heating  valeric  acid  with  ammonium 
thiocyanate  ; C5H„O.OH  + NH4S.CN = NH2.C5H90  + NH3  + SCO. 

The  amides  of  the  higher  fatty  acids,  palmitic,  stearic,  and  oleic,  are  formed 
when  their  glycerine  ethereal  salts,  palmitine,  stearine,  and  oleine,  are  treated 
with  strong  ammonia. 

Benzamide,  NH2.C7H50,  is  precipitated  when  benzoyl  chloride  is  treated  with 
ammonia;  C7H.0.‘C1  + 2NH3  = NH2.C,H50  + NH4C1.  It  may  be  crystallised  from 
hot  water  in  piates,  which  fuse  at  1250  C.,  and  sublime  at  290°  C.  It  is  soluble 
in  alcohol  and  ether,  and  resembles  acetamide  in  its  reactions  ; it  forms  a crys- 
talline compound  with  HC1,  and  its  aqueous  solution  dissolves  mercuric  oxide, 
henzomercuramide,  NHg.C7H.O,  being  produced.  Benzamide  is  converted  into 
benzoic  acid  and  ammonia  when  boiled  with  acids  or  alkalies — 

NH2.C7HsO  + HOH  = HO.C,HaO  + NH3. 

Heated  with  benzoic  anhydride,  it  yields  benzoic  acid  and  benzonitrile — 
(C7Ha0)20  + NH.,C7H50  = 2(HO.C7HaO)  + NC.C,H5. 
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With  benzoyl  chloride,  the  same  products  are  formed — 

C7H50.C1  + NI-I2.C7H50  = H0.C7H50  + NC.C7H5  + HC1. 
Benzamide  is  produced  when  hippuric  acid  is  boiled  with  lead  peroxide — 
C8H8N0.C02H  + 3PbO„  = NH2.C7H50  + 2C02  + H20  + 3PbO. 

Glycolamide,  NH2.C2H302,  is  obtained  by  acting  upon  ethyl  glycolate  with 
ammonia;  C2H302.'0C2H5  + NH3  = C2H302.NH2  + HO.C.AL.  It  crystallises  in 
needles,  soluble  in ‘water,  and  easily  converted  by  alkalies  and  acids  into  am- 
monia and  glycolic  acid.  Glycolamide  is  also  formed  by  heating  ghjcolide  in 
ammonia  gas  ; glycolide  being  an  amorphous  insoluble  product  of  the  action  of 
heat  upon  glycolic  acid — 

2(CH„.  110. CO. Oil)  ( glycolic  acid ) = (CH2.C0)202  ( glycolide ) + 2H20  ; 

- 2NH8+(CH2.C0)202  = 2(NH., CO.  GIL, OH)  (glycolamide). 

Glycolamide  is  metameric  with  glycocine  (amidoacetic  acid). 

Lactamide,  NH,.C3H502,  results  from  the  action  of  ammonia  upon  ethyl  lactate 
or  upon  lactide  (p.  523),  which  bears  the  same  relation  to  lactic  acid  as  glycolide 
bears  to  glycolic  acid — 

2(CHCH3.H0.C0.0H)  (lactic  acid)  = (CHCH3.C0)202  (lactide)  + 2H..0  ; 

2NH3  + (CPICH3C0)202  = 2(NH2.C0.CHCH3.0H)  (lactamide). 
Lactamide  forms  crystals  which  may  be  fused  and  volatilised  without  decom- 
position ; it  is  soluble  in  water  and  alcohol.  It  yields  ammonia  and  lactic  acid 
when  boiled  with  acids  or  alkalies. 

465.  The  formation  of  the  amides  of  the  acids  of  the  lactic  series  from 
the  compounds  corresponding  to  glycolide  and  lactide  helps  to  explain 
the  constitution  of  these  acids,  which  are  often  spoken  of  as  di-atomic  or 
dihydric  monobasic  acids,  or  alcohol  acids  (p.  524),  since  they  contain  two 
HO  groups,  one  of  which  behaves  in  the  same  way  as  the  HO  in 
alcohols,  and  the  other  forms  part  of  the  CO. OH  group  of  the  monobasic 
acids.  Thus,  the  action  of  heat  upon  these  acids  produces  two  anhy- 
drides, by  the  successive  loss  of  two  hydroxyl  groups  in  the  form  of 
water.  One  molecule  of  the  acid  plays  the  part  of  an  acid  molecule 
towards  another  which  acts  as  an  alcohol  molecule,  forming  ethereal 
derivatives  by  separation  of  H20,  just  as  ordinary  alcohols  and  acids 
form  ethereal  salts  ; for  example — 

CH.,.HO.CO.OH  + CH2.CO.(OH)2  = HOII  + (CH2.C0.0Ii).0.(CH2.C0.0H). 

Glycolic  acid  molecule.  Glycolic  alcohol  -First  ethereal  anhydride. 

molecule. 


Again — 

CH„.HO.CO.OH  + CH2.CO(OH)2  = 2HOH  + (CH2.C0).02.(CH2.C0). 

Second  ethereal  derivative,  or  Glycoliile. 

When  an  amide  is  produced  by  the  action  of  ammonia  upon  a true 
anhydride,  water  is  always  produced,  but  when  ammonia  acts  upon 
glycolide  or  lactide,  there  is  no  separation  of  water,  because  the  HU 
has  been  already  eliminated. 

466.  Oxamide,  N.,H4.C20,„  is  a primary  di-amide,  which  is  best  prepared  by- 
shaking  ethyl  oxalate  with  solution  of  ammonia,  when  the  nnxtoe  becomes  hot 
and  a white  crystalline  precipitate  of  oxamide  separates  ; C202(0C2il5)i+ zwn3 
C O i'NH  1 + 2IHO  CHI  If  an  alcoholic  solution  of  ammonia  be  employed,  01 
if2ammmua^ gim be  passed  into  ethyl  oxalate,  only  half  the  ethoxy!  (OCmj  |J 
replaced  by  NH.,,  and  a crystalline  body  soluble  m water  is  obtained , this  1. 
oxamcthane  C 0 'OC  H .NIL.  Oxamide  is  scarcely  dissolved  by  water,  alcohol, 
ofeTher  and is a perfectly  neutral  body.  It  may  be  crystallised  m needles  from 
a hot  saturated  solution  of  calcium  chloride.  When  heated,  a pa^subhmes 
changed.  A red-hot  tube  decomposes  the  vapour,  forming  ^ocyamc  anid  and 
urea  2N2H4C202=HCN  + N2H4C0  + C0  + C02+NH3.  When  ^oded  wAh  ^ A 
oxamide  yields  oxalic  acid  and  ammonium  salts ; (NH2)2C20  + H2bO  + 2tt2 
(H0)2C202+(NH4)„S04.  Boiled  with  alkalies,  it  yield  oxalates  and  ammonia, 

(NH2)2C202  + 2KOH  = (K0)2C202  f 2NH, 
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Oxamide  is  obtained  by  the  distillation  of  ammonium  oxalate;  C202(0NH4)3= 
C.,0.,(NH2)2  + 2H.,0,  showing  that  the  ammonium  salt  of  a dibasic  acid  yields  a 
di-amide.  Since  it  contains  the  elements  of  cyanogen,  it  is  not  surprising  to 
meet  with  oxamide  in  many  reactions  of  cyanogen  compounds  ; it  can  be  formed  by 
mixing  aqueous  solutions  of  hydrocyanic  acid  and  hydric  peroxide ; 2HCN  + H202  = 
2NH2.C202.  The  reaction  of  aldehyd  with  solution  of  cyanogen  also  produces 
oxamide ; and  it  is  found  among  the  products  of  the  action  of  nitric  acid  on 
potassium  ferrocyanide.  The  oxidation  of  potassium  cyanide  with  manganese 
dioxide  and  dilute  sulphuric  acid  also  forms  oxamide. 

Dimethyl  oxamide,  N,H2(CH3)2.C202,  and  di-ethyl  oxamide,  N2H2(C2H5)2.C202,  are 
formed  by  the  action  of  methylamine  and  ethylamine  on  ethyl  oxalate.  They 
crystallise  from  hot  water. 

By  acting  on  di-ethyl  oxamide  with  PC15,  a remarkable  tertiary  amine  has  been 
obtained,  called  chloroxalethyline,  and  having  the  formula  C6H9C1N2 ; it  is  an  alka- 
line liquid,  which  boils  at  2170  C.,  and  when  acted  on  by  hydriodic  acid  and  red 
phosphorus,  it  yields,  on  distillation  with  soda,  another  liquid  base,  oxalethyline, 
C,.H10N.„  which  is  poisonous,  and  produces  the  same  symptoms  as  atropine, 
notably  the  dilatation  of  the  pupil  of  the  eye. 

467.  The  study  of  the  amides  of  dibasic  acids  shows  that  amides  may 
often  be  conveniently  regarded  as  derived  from  acids  by  the  substitution 
of  the  NH„  group  for  the  OH  group.  Thus,  benzoic  acid,  CcH,.CO.OH, 
yields  benzamide,  CGH..CO.NH2;  lactic  acid,  C2H.O.CO.OH,  yields 
lactamide,  C2H,O.CO.NH, ; oxalic  acid,  C202(0H)2,  yields  oxamide, 
C„02(NH2)2.  This  makes  it  evident  that  a dibasic  acid  may  form  two 
amides ; thus,  oxalic  acid  yields  C,02.0H.NH2,  oxamic  acid,  in  which 
half  the  hydroxyl  is  replaced  by  amidogen. 

Oxamic  acid,  CO.NH2.CO.OH,  is  prepared  by  heating  hydro-ammonium  oxalate 
(acid  oxalate)  till  it  begins  to  give  off  C02 — 

C202.0H.0NH4  = CO.NH.,.CO.OH  + H20. 

A mixture  of  oxamide  and  oxamic  acid  is  left,  from  which  water  extracts  the  acid. 
Ammonium  oxamate  is  formed  when  oxamide  is  boiled  with  solution  of  ammonia  ; 
C202(NH2)2  + H20  = CO.NH2.CO.ONH(.  On  adding  HC1,  the  oxamic  acid  is  obtained 
as  a crystalline  precipitate,  sparingly  soluble  in  water,  alcohol,  and  ether,  and 
converted  into  hydro-ammonium  oxalate  by  boiling  with  water.  It  fuses  at  173°, 
and  decomposes,  yielding  oxamide,  formic  acid,  and  water. 

Ethyl  oxamate,  CO.NH2.CO.OC2H5,  is  identical  with  oxamethane.  It  crystallises 
in  needles,  easily  soluble  in  water  and  alcohol,  and  distilling  undecomposed. 

Succinamide,  N.,H4.C4H402,  is  produced  by  the  action  of  ammonia  on  ethyl 
succinate.  It  crystallises  in  needles,  which  are  sparingly  soluble  in  cold  water, 
alcohol,  and  ether.  When  heated  to  200°  C.,  it  yields  ammonia  and  succinimide; 
C2H4(CO)2(NH2)2=NH3  + C2H4(CO)2NH.  This  body  is  also  formed  when  ammonium 
succinate  is  distilled.  It  is  crystalline,  and  soluble  in  water  and  alcohol.  By 
mixing  the  hot  alcoholic  solution  with  a little  ammonia  and  silver  nitrate,  silver 
succinimide,  C„H4(CO)2NAg,  is  obtained  in  crystals. 

The  imules,  which  contain  the  group  NH  (imidogen),  exhibit  an  acid  character, 
allowing  the  H of  this  group  to  be  replaced  by  a metal. 

468.  Succinamic  acid,  C2H4(CO.NH2)(CO.OH),  is  prepared  from  the  barium  salt 
obtained  by  heating  succinimide  with  solution  of  barium  hydrate — 

2C2H4(CO).,NH  + Ba(HO).,  = (C2H4.CO.NH2.CO.O)2Ba. 

The  barium  succinamate  is  decomposed  by  sulphuric  acid — 

(C,H4.CO.NH2.CO.O)2Ba  + H2S04  = 2(C2H4.CO.NH2.CO.OH)  + BaS04. 

The  filtrate  from  the  barium  sulphate  deposits  crystals  of  succinamic  acid. 

Amido-succinamic  acid,  C2H3.NH2(CO.NH2)(CO.OH),  or  asparagine,  is  found  in 
the  shoots  of  asparagus  and  of  other  plants  grown  in  the  dark.  It  is  of  very  frequent 
occurrence  in  plants,  being  found  in  marsh-mallow,  vetches,  peas,  beans,  mangold- 
wurzel,  lettuces,  potatoes,  chestnuts,  and  dahlia  roots.  It  may  be  extracted  from 
the  expressed  juices  of  the  plants  by  boiling  to  coagulate  the  albumen,  filtering, 
and  evaporating  to  a syrup,  when  the  asparagine  crystallises,  on  standing  m 
rhombic  prisms  containing  H20,  which  may  be  recrystallised  from  boiling  water. 
It  is  nearly  insoluble  in  alcohol  and  ether.  Like  many  bodies  containing  the 
1MH2  group,  it  is  capable  of  acting  as  a weak  acid  and  a weak  base.  In  co'ntact 
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with  ferments,  asparagine  is  converted  into  ammonium  succinate.  When  acted 
on  by  nitrous  acid,  asparagine  is  converted  into  malic  acid — 

C,H3.NH,,(CO.NH2)(CO.OH)  + 2HNO,  = C,H3.OH(CO.OH)(CO.OH)+N4  + 2H,0. 
From  this  reaction  it  was  formerly  inferred  that  asparagine  was  the  amide  of 
malic  acid,  with  which,  however,  it  is  only  isomeric.  Ordinary  asparagine  is 
lccvorotatory  (p.  536),  but  an  isomeride  has  been  found  in  the  mother-liquor  from 
crude  asparagine,  which  is  dextrorotatory  to  the  same  extent,  and  is  much  sweeter 
than  ordinary  asparagine.  A solution  of  the  two  in  equal  proportions  is  inactive, 
but  the  asparagines  are  deposited  from  it  in  crystals,  which  are,  respectively, 
right-  and  left-handed.  The  isomeric  derivatives  from  each  kind  retain  the 
optical  properties  of  their  source.  When  asparagine  is  boiled  with  acids  or 
alkalies,  it  is  converted  into  amidosucdnic  or  aspartic  acid — 

C2H3.NH.,(CO.NH2)(CO.  OH)  + H20  = C.,H3.NH2.  (CO.OHj(CO.OH)  + NHS. 
Aspartic  acid  is  sparingly  soluble  in  cold  water  and  alcohol,  but  may  be  crystallised 
from  hot  water.  Nitrous  acid  substitutes  OH  for  the  NH,  in  aspartic  acid,  con- 
verting it  into  malic  acid.  Aspartic  acid  is  found  in  the  molasses  from  beet-root 
juice,  and  occurs  among  the  products  of  the  action  of  sulphuric  acid  and  of  zinc 
chloride  upon  albuminous  substances. 

Malamide,  N.,H4.C4H403,  is  obtained  by  acting  with  alcoholic  ammonia  upon 
ethyl  malate ; it  crystallises  from  an  aqueous  solution,  but  the  crystals,  unlike 
those  of  asparagine,' are  anhydrous.  When  boiled  with  acids  or  alkalies,  it  yields 
ammonia  and  malic  (instead  of  aspartic)  acid — 

C2H3.OH.(CO.NH2)2  + 2H..0  = 2NH3  + C2Hs.OH(CO.OH)2. 

469.  Carbamide,  or  urea,  N2H4.CO,  or  carboxyl-diamine,  is  the  diamide 
of  carbonic  acid  (HO)2CO,  and  is  produced  when  ammonia  acts  upon 
ethyl  carbonate  at  180  C. — 

CO(OC2H5)2  + 2NH3  = C0(NH2)2  + 2H0C2H5; 
also  when  ammonia  acts  on  carboxyl  chloride  (phosgene) — 

C0C12  + 4NH3  = CO(NH2)2  + 2NH4C1. 

Oxamide  may  be  converted  into  urea  by  heating  it  with  mercuric  oxide  ; 
C20„(NH„)„  + HgO  = CO(NH2)2  + Hg  + C02.  But  the  best  process  for 
preparing"  it  is  to  heat  a solution  of  ammonium  isocyanate,  NH4.NUO, 
which  is"  metameric  with  urea ; this  method  will  be  described  under 


cyanogen  derivatives.  _ _ 

Urea  is  the  chief  form  in  which  the  nitrogen  of  the  effete  tissues  is 
excreted  from  the  human  organism,  and  it  is  present  in  urine  to  the 
amount  of  about  1.4  per  cent,  by  weight.  To  extract  it,  the  urine  is 
filtered  to  separate  mucus,  evaporated  to  about  an  eighth  of  its  bulk 
cooled,  and  mixed  with  about  an  equal  volume  of  strong  nitric  acid 
which ’must  be  quite  colourless,  showing  it  to  be  free  from  nitrous  acid 
which  would  decompose  the  urea ; the  latter  is  precipitated  in  pearly 
scales  of  urea  nitrate,  which  is  nearly  insoluble  in  nitric  acid,  and 
sparingly  soluble  in  water.  This  is  collected  on  a filter,  washed  with 
ice-cold  water  till  the  washings  are  but  slightly  coloured,  dissolved  m 
boiling  water,  and  mixed  with  precipitated  barium  carbonate  rubbed  to 
a cream  with  water,  as  long  as  a fresh  addition  of  the  carbonate  causes 

effervescence — 

2(N2H4C0.HN03')  + BaC03  = C0„  + 2N2H,CO  + H20  + Ba(NOs)2. 

After  "filtering  from  the  excess  of  BaC03,  the  liquid  is  evaporated  on  a 
steam-bath,  when  a mixture  of  urea  and  barium  nitrate  is  obtained, 
from  which  the  urea  may  be  extracted  by  strong  alcohol,  and  crystal- 
lised by  evaporation.  It  crystallises  in  long  prisms  resembling  nitre 
which  dissolve  in  an  equal  weight  of  cold  water,  and  m five  parts  of 
cold  alcohol  : urea  is  almost  insoluble  m ether.  When  heated,  111  ea 
fuses  at  130°  C.,  and  evolves  much  ammonia  and  some  ammonium 
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cyanate.  It’  kept  for  some  time  at  150°  C.,  the  bulk  of  it  is  converted 
into  biuret,  or  dicarboxyl-diamid-imide,  produced  from  two  molecules  of 
urea  by  tlie  loss  of  one  molecule  of  ammonia — 

2C0(NH.,).,  = NHS  + (CO)2(NH2)2NH. 

When  the  temperature  is  raised  to  170°  0.,  the  biuret  again  evolves 
ammonia,  and  is  converted  into  cyanuric  acid — 

3(CO)2(NH2)2NH  = 3NH3  + 2(CN)3(H0)3. 

Urea  is  not  alkaline,  but,  like  many  amides,  it  is  a weak  base,  and 
though  a di  amide,  forms  salts  like  a monacid  base ; these  are  acid  to 
litmus ; the  nitrate  and  oxalate  are  best  known  because  they  are 
sparingly  soluble,  and  are  obtained  as  crystalline  precipitates  when  nitric 
and  oxalic  acids  are  stirred  with  solution  of  urea.  The  nitrate,  when 
heated,  evolves  a very  pungent  smell,  and  is  decomposed,  with  almost 
explosive  violence,  at  150°  C.  Urea  oxalate  crystallises  with  eAq  ; 
(N2H4C0)2.H2C204.2Aq.  Urea  hydrochloride,  N.,H4C0.II(J1,  is  formed, 
with  evolution  of  heat,  when  HC1  gas  acts  on  dry  urea ; it  solidities  to 
a crystalline  deliquescent  mass,  which  is  decomposed  by  water. 

Urea,  like  many  other  amides,  forms  compounds  with  the  oxides  of  silver  and 
mercury.  The  compound  N2H4C0.3Ag20  is  obtained  as  a grey  crystalline  pow- 
der when  silver  oxide  is  digested  in  solution  of  urea.  When  mercuric  oxide  is 
treated  in  the  same  way,  the  compound  N2H4CO.HgO  is  formed ; on  adding 
mercuric  chloride  to  a solution  of  urea  mixed"  with  potash,  a white  precipitate  of 
2N.,H4C0.3Hg0  is  obtained,  but  if  mercuric  nitrate  be  employed,  the  precipitate 
is  N2H,C0.2Hg0.  The  formation  of  the  last  compound  is  the  basis  of  Liebig’s 
method  for  the  determination  of  urea. 

Urea  also  forms  compounds  with  certain  salts  ; the  compound  N2H,CO.NaCl.Aq 
is  obtained  in  crystals  when  urine  is  evaporated  to  a small  bulk."  When  strong 
solutions  of  urea  and  AgN03  are  mixed,  crystals  of  N2H4C0.AgN03  are  deposited. 
By  mixing  dilute  solutions  of  urea  and  mercuric  nitrate,  a precipitate  is  formed 
having  the  formula  N2H4CO(HgO).,HNOr 

Urea,  being  the  di-amide  of  carbonic  acid,  would  be  expected  to  yield  ammonia 
and  carbonic  acid  when  boiled  with  acids  or  alkalies.  On  boiling  solution  of  urea 
with  potash,  (NH2)2CO  + 2lvOH  = 2NH3  + (KO)2CO ; but  the  action  is  slow  in  weak 
solutions. 

When  urea  is  heated  with  strong  sulphuric  acid,  (NH.,)2CO  + 2H„SO,= 

C02  + 2NH4HS04.  Even  on  boiling  solution  of  urea  in  water,  it  is  slowly  con- 
verted into  ammonium  carbonate,  and  the  change  takes  place  quickly  when  urea 
is  heated  with  a little  water  to  230°  C.,  in  a sealed  tube;  (NHj.,C0  + 2H„0  = 
(NH4)2C03.  Urea  undergoes  the  same  transformation  into  ammonium  carbonate 
when  urine  is  allowed  to  putrefy. 

Nitrous  acid  acts  upon  urea,  as  upon  the  amides  generally,  converting  the 
NH2  into  OH,  and  liberating  N,  but  the  (HO)2CO  which  is  formed  is  at  once 
decomposed  into  H20  and  C02;  (NH_,)2C0  + 2'HN02=N4  + C02+3H20.  Hypo- 
chlorites and  hypobromites  (prepared  by  dissolving  bromine  in  alkalies)  also 
expel  all  the  nitrogen  as  gas — 

(NH2)2CO  + 3NaOBr  + 2NaOH  = N2  + 3H20  + Na2C03  + 3NaBr. 

This  method  is  sometimes  adopted  for  determining  urea  by  measuring  the  nitro- 
gen gas.  The  nitrogen  is  also  liberated  when  urea  is  boiled  with  potash  and  a 
large  excess  of  potassium  permanganate,  whereas,  in  most  other  amides,  the 
bulk  of  the  nitrogen  is  oxidised  to  nitric  acid.  When  chlorine  is  passed  into 
fused  urea,  hydrochloric  acid  and  nitrogen  are  evolved,  and  the  residue  is  a 
mixture  of  cyanuric  acid  with  ammonium  chloride — 

3N,H4CO  + Cl3  = HC1  + N + (UN)3(HO)3  + 2NH4C1. 

By  boiling  solution  of  urea  with  AgN03,  a crystalline  precipitate  of  silver 
isocyanate  is  obtained ; N2H4CO  + AgN03  = NH4N03  + AgNCO. 

Urea  has  been  formed  by  passing  NH3  and  C02,  together  through  a red-hot 
tube ; and  by  passing  a mixture  of  benzene-vapour,  ammonia,  and  air  over  red 
hot  platinum  wire. 

Biuret,  or  allophanamide,  (C0),(NH2)2NH,  is  obtained  by  heating  urea  to  150°  C 


592 


ANILIDES. 


as  long  as  it  evolves  ammonia  freely,  extracting  the  residue  with  cold  water, 
which  leaves  most  of  the  cyanuric  acid  undissolved,  precipitating  the  rest  by 
lead  acetate,  removing  the  lead  by  H2S,  and  evaporating  the  filtered  solution, 
when  the  biuret  crystallises  with  one  molecule  of  water.  It  is  soluble  in  alcohol. 
Its  aqueous  solution,  rendered  alkaline  by  potash,  gives  a fine  violet  colour  with 
cupric  sulphate.  When  heated  in  HC1  gas,  biuret  is  converted  into  guanidine 
hydrochloride  ; (C0)2(NH2)2NH  + HC1=C02+C(NH2)2NH.HC1. 

470.  Carbcimic  acid,  CO.NTI„OH,  has  not  been  obtained  in  the  free 
state,  but  ammonium  carbamate  is  formed  when  ammonia  combines  with 
carbonic  acid  gas;  2NH3+  C02  = CO.NH2.ONH4.  The  ammonium  salt 
is  best  prepared  by  saturating  absolute  alcohol  with  dry  ammonia  gas, 
and  passing  dry  CO,  into  the  solution,  when  the  ammonium  carbamate 
crystallises  out.  It  is  soluble  in  water,  and  is  converted  into  ammonium 
carbonate  by  boiling  the  solution ; CO.NH2.ONH4  + H,0  = CO(ONH4)r 
Ammonium  carbamate  sublimes  below  100°  C.,  and  when  heated,  in  a 
sealed  tube,  to  1350  C.,  yields  urea  and  ammonium  carbonate — 
2(CO.NH,.ONH4)  = CO(NH,)2  + CO(ONH4)2. 

When  ammonium  carbonate  is  distilled,  part  of  it  is  converted  into  the 
carbamate ; CO(ONIT4)2  = CO.NH,(ONH4)  + H„0.  This  accounts  for  the 
presence  of  ammonium  carbamate  in  the  commercial  carbonate  (p.  270). 

Ethyl  carbamate,  or  urethane , CO.NH2.OC2H5,  is  formed  by  the  action  of  solution 
of  ammonia  upon  ethyl  carbonate  at  100°  C. — - 

CO(OC2H5)2  + nh3  = CO.NH.,OC2H5  + ho.c2h. 

It  forms  tabular  crystals,  soluble  in  water,  alcohol,  and  ether,  distilling  without 
decomposition.  Boiled  with  potash,  it  yields  the  carbonate,  alcohol,  and 
ammonia  ; CO.NH2.OC2H#  + 2KOH  = CO(OK)2  + NH  + Heated  with  am- 

monia, it  gives  alcohol  and  urea;  C0.NH„.0C,I15  + NH3—  CO(NH2)2  + HO.C2H5. 

The  carbamates  of  methyl,  propyl,  &c. , have  been  obtained.  _ 

Ethyl  allophanate,  CO.NH,.NH.CO.OC2H5,  is  formed  when  urea  is  acted  on  by 
ethyl  chlorocarbonate  (prepared  by  saturating  alcohol  with  carbonyl  chloride) ; 
COfNH  ) +C0C1.0C2H,  = C0.NH2.NH.C0.0C„H5  + HC1.  It  crystallises  111  prisms 
soluble  in  water  and  alcohol.  Allophanic  acid  has  not  been  obtained ; when 
liberated  from  its  salts,  it  decomposes  into  CO,  and  urea;  CO.NH2.NIl.LU.UJ±  — 
CO(NH„).,+  CO„.  When  heated  with  alcoholic  ammonia,  in  a sealed  tube,  to 
ioo°  C "ethyl  allophanate  is  converted  into  biuret,  which  is  the  amide  of  allo- 
phanic acM  ; CO.NH,NH.CO.O02H5  + NH3  = CO.NH2.NH.CO.NH2  + HO.C2H, 

The  hydrogen  in  urea,  like  that  in  ammonia,  admits  of  replacement  by  positive 
or  negative  radicals,  forming  so-called  compound  ureas.  Those  containing  posi- 
tive radicals,  such  as  methyl  carbamide,  CO.NH2.NHCH3,  and  dimethyl  carbamide, 
flOINHCH  ).  are  derived  from  the  cyanogen  compounds,  and  will  be  noticed 
under  tha^head.  Acetyl  carbamide,  or  acetyl  urea,  C0.NH2.NHC2H30,  is  a crystal- 
line substance  obtained  by  the  action  of  acetyl  chloride  upon  urea  jitrs  not 
basic  Di-acetyl  carbamide  is  formed  when  acetamide  is  heated  to  50  L.  with 
carbonyl  cUOTide  ; SMH,C,H,0  + C0C1!  = C0(NHC.S,0),  + 2HC1.  The  compound 
ureas  which  contain  acid  radicals  in  place  of  hydrogen  are  also  called  ui  eides. 

Sulphur ca  will  be  noticed  under  cyanogen  compounds. 

Sidphocarbamic  acid,  CS.NH2.SH,  is  obtained  as  an  ammonium  salt 
by  acting  on  carbon  disulphide  with  ammonia  111  alcoholic  solution , 
2N  IT  + CS„  = CS.NH„.SNIT4,  the  reaction  corresponding  to  that  between 
Nil  and  CO  The  ammonium  sulphocarbamate  crystallises  in  yellow 
prisms  When  decomposed  by  HC1,  it  yields  sulphocarbamic  acid  as 
a yellow  unstable  crystalline  body,  which  decomposes  spontaneously  ; 
CS  NH  .SIT  = 1I2S  + HSCN  (sulphocyanic  acid). 


471  ‘Anilides  are  derived  from  aniline,  NH2.C6H6,  in  the  same  man- 
ner as  amides  from  ammonia,  by  the  replacement  of  the  hydrogen  in 
the  NIT  group  by  an  acid  radical,  and  they  resemble  the  amides  in 
their  chemical  reactions ; formanilide  is  NH.OHO.C.H, ; acetamtide, 
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NH.CjHjO.OjHj  ; oxanilide,  H2H2(CO)2(CGIT,;)2 ; oxanilic  or  phenyl- 
oxamic  acid,  CO.NH.CGH..CO.OH. 

Carbcinilide,  or  diphenyl  urea , (N'H06H.)2C0,  is  prepared  by  beating 
urea  with  aniline ; (NH2)2CO  + 2HH2CGH.  = (N'HCGHs)2CO  + 2HH,,.  It 
is  slightly  soluble  in  water,  more  soluble  in  alcohol,  and  may  be  sub- 
limed. Carbanilide  is  also  formed  when  aniline  is  acted  on  by  carbonyl 
chloride. 

Thiocarbanilide,  or  diphenyl  sulphured,  is  formed  when  aniline  is 
heated  with  carbon  disulphide ; 2lSTH2C6H5  + CS2  = CS(NHCGH5).,  + IT2S. 
It  forms  colourless  crystals,  insoluble  in  water,  soluble  in  alcohol  and 
ether. 

472.  The  alkaloids,  or  vegetable  bases. — These  compounds  pos- 
sess particular  interest  for  the  chemist,  on  account  of  their  powerful 
action  on  the  animal  economy,  many  of  them  being  the  active  principles 
of  the  medicinal  or  poisonous  plants  from  which  they  are  extracted. 
Hitherto  few  of  them  have  been  prepared  artificially,  though  the  study 
of  their  properties  indicates  that  they  are  ammonia-derivatives.  They  all 
contain  nitrogen,  but  rarely  more  than  two  atoms  in  a molecule,  though 
there  may  be  twenty  or  thirty  carbon-atoms.  Most  of  them  refuse  to 
sublime  without  partial  decomposition,  which  unfits  them  for  ranking 
as  amines  ; they  dissolve  sparingly  in  water,  which  renders  it  unlikely 
that  they  are  ammonium  bases,  and  brings  them  nearer  to  the  amides, 
which  many  of  them  also  resemble  in  their  feebly  basic  character.  The 
alkaloids  are  soluble  in  alcohol,  and  their  solutions  are  generally  alkaline 
and  bitter.  Their  salts  are  formed,  like  those  of  ammonia,  by  the  direct 
union  of  the  base  and  the  acid,  without  separation  of  water,  and,  as  a 
rule,  the  salts  are  soluble  iu  water.  The  hydrochlorides  of  the  alkaloids 
resemble  those  of  all  amines,  as  well  as  the  chlorides  of  the  alkali-metals 
and  the  ammonium  bases,  in  forming  crystalline  double  salts  with  platinic 
chloride,  mercuric  chloride,  and  auric  chloride.  Most  of  the  alkaloids 
may  be  precipitated  from  their  solutions  by  iodine  dissolved  in  potas- 
sium iodide,  by  potassio-mercuric  iodide,  by  potassio-bismuthic  iodide, 
by  picric  acid,  tannin,  metatungstic  acid,  and  phosphomolybdic  acid. 

473.  Three  of  the  natural  alkaloids  are  volatile  liquids,  and  do  not 
contain  oxygen ; these  are  coniine,  nicotine,  and  sparteine. 

Coniine,  C8H15N,  is  extracted  from  the  seeds  of  hemlock  ( Conium  maculatum ) by 
crushing  them  and  distilling  with  weak  potash.  The  distillate,  which  contains 
ammonia  and  coniine,  is  neutralised  with  sulphuric  acid,  concentrated  by  evapo- 
ration, and  mixed  with  alcohol  to  precipitate  the  ammonium  sulphate.  On  evapo- 
rating the  filtrate  and  distilling  with  strong  potash,  coniine  distils  over  together 
with  water,  upon  the  surface  of  which  it  floats.  It  is  distilled  with  dried  potassium 
carbonate,  to  remove  water,  and  the  portion  distilling  at  1680  C.  is  collected 
separately. 

Coniine  has  a strong  odour  of  mice ; its  sp.  gr.  is  0.89,  and  it  boils  at  1680  C. 
It  is  sparingly  soluble  in  cold  water,  giving  an  alkaline  solution.  It  dissolves  in 
alcohol  and  ether.  When  exposed  to  air,  it  becomes  brown,  and  evolves  ammonia . 
Oxidising  agents,  such  as  nitric  and  chromic  acids,  convert  it  into  butyric  acid, 
C,IIs02.  With  N203,  it  gives  a yellow  liquid,  which  is  decomposed  by  water  into 
HNOs  and  azoconydrine,  CsHle(NO)N,  which  is  reconverted  into  coniine  by  nascent 
hydrogen;  C8H16(N0)N  + H4  = C8H15N  + NH3  + H20.  On  distilling  azoconydrine 
with  P205,  it  yields  conylene,  C8H14,  the  sixth  homologue  of  acetylene,  a liquid 
which  boils  at  126°  C.,  and  combines  with  bromine  to  form  CgH14Br2.  When 
coniine  is  heated  in  a sealed  tube  with  methyl  iodide,  it  exchanges  IL  for  CH3, 
showing  it  to  be  a secondary  monamine,  NH(CSH,4)".  The  methyl  coniine, 
NCH3(C8H14)",  sometimes  occurs  in  hemlock.  It  combines  with  methyl  iodide  to 
form  a crystalline  coniine-methylium  iodide,  N(CaH14)"(CII3)J,  which  yields 
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caustic  alkaline  hydroxide  when  decomposed  by  silver  hydroxide.  Hemlock  also 
contains  another  base,  conhydrine,  C8H17NO,  crystallising  in  plates. 

Coniine  has  been  obtained  artificially  by  the  action  of  sodium  on  an  alcoholic 
solution  of  allyJrpyricline , C5H4.C3H5.N,  a liquid  product  of  tlie  action  of  paraldehyd 
upon  picoline,'  C.,H,N.  When  coniine  hydrochloride  is  distilled  with  zinc-dust,  it 
yields  conyrine , or  propyl-pyridine,  C5H4.C3H7N.  If  this  be  heated  in  a sealed  tube 
with  strong  hydriodic  acid,  it  is  reconverted  into  coniine. 

Paraconiine,  C8H15N,  isomeric  with  coniine,  is  obtained  by  distilling  the  product 
of  the  action  of  alcoholic  ammonia  on  butyric  aldehyd;  2C3H7COH  + NH3  — 
H.,0  + C,lf17NO  {dibntyraldine) ; C8H17N0  = H20  + C8H,5N  ( paraconiine ).  This  base 
is  very  similar  to  coniine,  and,  like  it,  a powerful  narcotic  poison,  but  it  has  no 
action  on  polarised  light,  whilst  coniine  is  dextrorotatory,  and  it  appears  to  be  a 
tertiary  monamine,  for  it  yields  only  amethylium  iodide  when  acted  on  by  methyl 
iodide. 


Nicotine , C10H14N2,  is  found  chiefly  as  malate,  in  the  seeds  and  leaves 
of  tobacco,  Nicotiana  tahacum,  a plant  of  the  order  Atropacese,  many 
of  which,  especially  deadly  nightshade,  thorn-apple,  henbane,  and  man- 
drake, yield  narcotic  poisons.  Nicotine  is  extracted  from  tobacco-leaves 
by  digesting  them  with  very  dilute  sulphuric  acid,  evaporating  to  a 
small  bulk,  and  distilling  with  excess  of  potash.  The  distillate  is  shaken 
with  ether,  which  collects  the  nicotine  and  rises  to  the  surface ; the  ethereal 
layer  is  drawn  off,  the  ether  distilled,  and  the  nicotine  placed  in  contact 
with  quick-lime  to  remove  the  water,  and  distilled  in  a current  of  h}  dro- 
o-en,  since  it  is  decomposed  when  distilled  in  air  at  the  ordinary  pressure. 

& Nicotine  is  colourless  when  freshly  prepared,  but  soon  becomes  brown 
in  air.  It  smells  strongly  of  tobacco,  has  sp.  gr.  1.048,  and  boils  (in 
hydrogen)  at  180°  C.  It  is  soluble  in  water,  alcohol,  and  ether;  its 
solution  is  alkaline.  It  is  a di-acid  base,  but  its  salts  do  not  crystallise 
well.  When  heated  with  ethyl  iodide,  it  behaves  as  a tertiary  amine, 
yielding  nicotine-ethylium  di-iodide,  N2(C10H14),/(C2H5)2I2,  which  yields 
the  corresponding  caustic  alkaline  hydroxide  when  decomposed  by  silver 

^By  oxidation  with  chromic  acid,  nicotine  yields  nicotinic  acid,  C6H5N02, 
which  yields  the  base  pyridine,  C.H.N,  when  distilled  with  lime— 
Ca(C(iH4NO„)2  + Ca(HO)2  = 2C5H5N  + 2CaC03. 

Nicotinic  acid  has  been  prepared  from  malic  acid  by  the  following  reactions 
When  acted  on  by  strong  sulphuric  acid,  malic  acid  yields  water,  formic  acid,  and 
TouZunic  acid;  2[CSH,.0H.  (CO,H)J  = + 2HC0,H  + P>H,0£OaH.  Coumahinc 

acid,  acted  on  by  ammonia,  yields  hydroxynicotmic  acid,  C5H30  bU2ll -r  mi3 
rr  n 1 r w lOHYN  CO  H.  This  is  converted  into  chloromcotmic  acid,  C5H3ClN.CO.,H, 
^ pLs|SSLride,  and  from  this,  nicotinic  acid,  C5H4N.C02H,  is  obtained  by 

1 1'  I t^s  worth,  notice^ that  malic  acid  (or  hydrocalcium  malate)  exists  in  tobacco. 
ViSSn  tScco  contains  more  nicotine  than  other  varieties,  the  alkaloid 
jb  • ‘ npoT-iv  7 oer  cent,  of  the  weight  of  the  leaf  dried  at  212  F.,  whilst 

the°Marvland  and  Iiavannah  varieties  contain  only  2 or  3 per  cent  of  nicotine, 
the  Maryland  aim  amount  of  ash  which  it  leaves  when 

S one-fifth  of  gthe  weSit  of  the  dried  leaf,  and  contain. 

mTaboiff  ontthird  of  potassium  carbonate,  resulting  from  the  decomposition  of 

SaSSSSirS 
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peculiar  pungency  to  this  form  of  tobacco.  The  aroma  of  the  snuff  appears  to  be 
due  to  the  production  of  a peculiar  volatile  oil  during  the  fermentation.  The 
proportion  of  nicotine  in  snuff  is  only  about  2 per  cent. , being  one-third  of  that 
found  in  the  unfermented  tobacco  ; and  a great  part  of  this  exists  in  the  snuff  in 
combination  with  acetic  acid,  which  is  also  a result  of  the  fermentation.  It  is 
also  not  improbable  that  a little  acetic  ether  is  produced,  and  perhaps  some  other 
acids  and  ethers  of  the  acetic  series  ( e.g .,  butyric  and  valerianic),  of  which 
extremely  minute  quantities  would  give  rise  to  great  differences  in  the  aroma  of 
the  snuff. 

Sparteine,  is  a narcotic  alkaloid  extracted  from  the  common  broom 

(Spartium  scoparium)  by  digestion  with  weak  sulphuric  acid  and  decomposing  the 
sulphate  by  distilling  with  potash.  It  is  liquid,  heavier  than  water,  boiling  at 
288°  C.  It  is  sparingly  soluble  in  water,  giving  an  alkaline  solution  with  a bitter 
taste.  It  smells  rather  like  aniline,  and  becomes  brown  when  exposed  to  air.  It 
acts  as  a di-acid  base,  and  appears  to  be  a tertiary  di-amine. 

474.  Atropine,  or  daturine,  C17H4SN0S,  is  found  in  deadly  nightshade  ( Atropa 
belladonna)  and  thorn-apple  ( Datura  stramonium),  plants  of  the  same  order  as 
tobacco.  It  is  obtained  by  expressing  the  sap  from  the  flowers  of  belladonna, 
heating  it  to  90°  C.  to  coagulate  the  albumen,  filtering,  adding  potash  to  liberate 
the  base,  and  shaking  with  chloroform,  which  collects  it  and  sinks  to  the  bottom. 
The  chloroform  is  distilled  off,  and  the  atropine  recrystallised  from  alcohol.  It 
•crystallises  in  prisms,  fusing  at  90°  C.,  sparingly  soluble  in  cold  water,  and  having 
a,  bitter  burning  taste  and  a very  poisonous  action,  with  the  characteristic  effect 
■of  dilating  the  pupil  of  the  eye.  Atropine  behaves  like  an  amide,  for,  when 
boiled  with  baryta-water  or  with  hydrochloric  acid,  it  yields  a crystalline  base, 
tropine,  C8H15NO,  and  a crystalline  acid,  tropic  acid,  CsH9O.CO.OH — 

C17H28N03  + H.,0  = C8Hl5NO  + C8H,jO.CO.OH. 

When  tropic  acid  is  long  boiled  with  baryta,  it  yields  atropic  and  isatropic  acids, 
which  are  isomeric  with  cinnamic  acid;  CSH„O.CO.OH  = H20  + CsH,.CO.OH. 

Hyoscyamine,  CjjH^NO;,,  is  isomeric  with  atropine,  and  is  associated  with  it  in 
nightshade  and  thorn-apple,  but  it  is  more  abundant  in  the  species  of  liyoscyamus 
(henbane)  belonging  to  the  same  order.  It  is  very  similar  to  atropine. 

Solan ine,  C4.,H87N016,  is  contained  in  plants  of  the  order  Solanacece,  nearly 
related  to  the  Atropacece,  especially  in  Solanum  nigrum  and  in  the  shoots  of 
potatoes  ( Solanum  tuberosum ) which  have  been  kept  in  a cellar  during  winter. 
To  extract  it,  the  plant  is  digested  with  weak  sulphuric  acid,  and  the  solution 
precipitated  with  ammonia.  It  crystallises  from  alcohol  in  prisms,  which  are 
nearly  insoluble  in  water.  It  gives  a red  solution  when  heated  with  sulphuric 
acid  and  alcohol.  When  boiled  with  dilute  acids,  it  yields  glucose  and  solanidine, 
CjgH^jNOj,  a stronger  base  than  solanine. 


475-  Opium-alkaloids. — Opium  (ottos,  juice ) is  obtained  from  the  Pa- 
paver  somniferum,  or  opium  poppy,  cultivated  in  Turkey,  Egypt,  India, 
and  other  Oriental  countries.  A few  days  after  the  poppy-flower  has 
fallen,  incisions  are  made  in  the  poppy-head,  when  a milky  juice  exudes. 
After  twenty-four  hours,  this  becomes  a soft  solid  mass  of  a brown  colour, 
and  is  scraped  off  and  wrapped  in  leaves  for  the  market.  Opium  con- 
tains about  25  percent,  of  a gummy  substance,  20  percent,  of  ill-defined 
organic  matters,  a little  caoutchouc,  resin,  oil,  and  water,  and  variable 
proportions  of  a large  number  of  alkaloids,  of  which  morphine,  narcotine, 
and  nai’ceine  are  the  most  abundant.  Some  of  these  have  been  imper- 
fectly studied,  but  they  are  mentioned  in  the  following  list — 


Hydrocotarnine 
Morphine  . 
Oxymorphine 
Codeine 
Thebaine  . 
Codamine  ) 
Laudanine  / 
Protopine  . 


c12h15no3 

c17h19no3 

C„H19N04 

ClaH2IN03 

C20H25NO4 

c,„h1uno5 


Papaverine 
Meconidine 
Laudanosine 
Rhasadine* 
Cryptopine 
Narcotine  . 
Lanthopine 
Narceine  . 


C21H21N04 

c21h,no4 

c21h.7no4 

c..1h21no6 

c21h2Sno8 

cul3no'7 

c.;h,no4 

CANO, 


* Found  in  the  field  poppy,  Papaver  rhceas. 
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Morphine , C17H19NOs,  is  extracted  from  opium  by  steeping  it  in  warm 
water,  which  dissolves  the  meconate  and  sulphate  of  morphine,  straining, 
and  adding  calcium  chloride,  which  precipitates  calcium  meconate.  The 
filtered  solution  is  evaporated  to  a small  bulk  and  set  aside,  when  the 
hydrochlorides  of  morphine,  codeine,  and  oxymorphine  crystallise  out. 
These  are  dissolved  in  water,  and  the  morphine  precipitated  by  adding 
ammonia.  It  is  purified  by  dissolving  in  alcohol,  and  crystallising. 

Morphine  crystallises  in  prisms,  which  are  almost  insoluble  in  water, 
requiring  1000  parts  of  cold  and  5 00  parts  of  boiling  water , it  is  nearly 
insoluble  in  ether  and  chloroform,  both  of  which  dissolve  most  other  alka- 
loids. It  is  soluble  in  ethyl  acetate  (acetic  ether)  and  in  amyl  alcohol, 
either  of  which  may  be  employed  to  extract  it  from  an  aqueous  solution. 
Even  ether  maybe  employed  to  extract  morphine  from  an  alkaline  solu- 
tion, if  shaken  with  it  immediately  after  adding  the  alkali,  and  before 
the  morphine  has  precipitated.  Morphine  differs  from  most  other  alka- 
loids by  being  very  soluble  in  potash ; if  a drop  of  weak  potash  be  stirred 
with  solution  of  a salt  of  morphine,  the  alkaloid  is  precipitated,  but  it  is 
redissolved  by  a very  little  more  potash.  Ammonia  does  not  easily  re- 
dissolve it,  unless  ammonium  chloride  is  present. 

Crystallised  morphine  is  CnII1,N0;,.H20,  and  does  not  lose  its  water 
till  120°  C.,  when  it  fuses,  and  becomes  a crystalline  mass  on  cooling. 
When  more  strongly  heated,  a little  sublimes,  but  the  greater  part  car- 
bonises and  evolves  alkaline  vapours.  Morphine  behaves  like  a tertiary 
monamine ; its  solutions  are  alkaline,  and  it  combines  with  acids,  like 
ammonia.  The  proportion  of  morphine  in  opium  varies  from  6 to  15 

Morphine  hydrochloride , C17H19N03.HC1,  or  muriate  of  morphia  is  the 
chief  form  in  which  morphine  is  used  in  medicine.  It  crystallises  m 
needles  with  3Aq,  and  is  easily  soluble  in  water  and  alcohol.  Morphine 
meconate,  the  most  soluble  of  the  salts,  is  also  used  m medicine;  it 

6X  Morp] lim^and  its  salts  act  as  powerful  narcotic  poisons ; they  are 
easily  identified  by  giving  a blue  colour  with  ferric  chloride  purple  m 
the  case  of  meconate)  and  a golden  yellow  with  strong  nitric  acid.  I 
phine  acts,  in  many  cases,  as  a reducing  agent ; it  hberates  iodine  f 10m 
iodic  acid  in  solution;  it  reduces  potassium  ferricyanide  to  ferio- 
cyanide,  and  precipitates  silver  when  boiled  with  silver  nitrate.  M hen 

distilled  with  potash,  morphine  yields  methylamine. 

a 7 • r<  it  v O is  formed  when  morphine  is  heated  with  a lai^e 

sas 

C17H17N02  + 1 2 ■ an  ^orphous  powder,  rapidly  turning  green  m air,  and 

cipitates  apomorphine  P colour.  It  is  much  more  soluble  in  alcohol 

of  J&L  ™s 

^ ^ » ,.en 

solution  of  iodine  in  KI  is  added  to  morphme  h7d™c^or^om  opium  by  adding 
Codeine,  or  methyl  morphine,  It  may  be  purified  by 

it  'with  methyl  iodide  in  alcoholic  solution. 
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Codeine  is  easily  soluble  in  hot  water,  alcohol,  and  ether.  It  crystallises  from 
•ether  in  anhydrous  octahedra,  and  from  water  in  rhombic  prisms,  which  contain 
Aq.  The  crystals  fuse  under  water.  It  is  a narcotic  poison,  though  less  powerful 
than  morphine,  and  amounts  in  opium  to  only  about  0.5  per  cent.  It  is  strongly 
alkaline,  gives  no  colour  with  ferric  chloride,  and  does  not  reduce  iodic  acicl  like 
morphine.  It  is  a tertiary  monamine.  When  heated  with  caustic  alkalies,  it 
yields  methylamine  and  trimethylamine.  Heated  with  strong  HC1  to  150  C.,  it 
yields  apomorphine  and  methyl  chloride — 

C17H19(CH3)N03  + HC1  = C17H17N02  + CH3C1  + H.,0. 

If  it  be  heated  to  ioo°  C.  with  hydrochloric  acid,  it  acquires  Cl  in  place  of  HO, 
and  becomes  chlorocodide,  C1sH„0C1NO2,  which  may  be  precipitated  from  the 
livdrochloride  by  an  alkali,  and  is  reconverted  into  codeine  by  water  at  140  C. 

Narcotine,  C,,j'H14(iCH3)3N07,  is  extracted  from  the  residue  left  after  exhausting 
opium  with  water.  This  is  digested  with  acetic  acid,  which  dissolves  the  nar- 
cotine, and  yields  it  as  a precipitate  on  adding  ammonia.  It  may  be  crystallised 
from  alcohol  in  prisms,  which  contain  Aq.  Narcotine,  like  morphine,  is  almost 
insoluble  in  water,  but,  unlike  that  base,  it  dissolves  in  ether,  which  will  extract 
it  from  powdered  opium,  leaving  the  morphine.  Narcotine  is  insoluble  in  potash. 

It  is  a very  weak  base,  not  alkaline,  dissolving  in  acids,  but  not  forming  well- 
defined  salts.  It  has  a narcotic  effect,  but  is  not  nearly  so  poisonous  as  morphine. 
Opium  contains  from  4 to  8 per  cent,  of  narcotine,  and  the  presence  of  this  drug 
is  more  easily  detected  by  testing  for  narcotine  than  for  morphine,  on  account  of 
the  solubility  of  the  former  in  ether.  The  material  to  be  tested  is  extracted  with 
ether,  the  latter  evaporated  off,  the  residue  dissolved  in  dilute  HC1,  and  a little 
euclilorine-water  added  (made  by  adding  strong  HC1  to  a weak  solution  of  potas- 
sium chlorate  till  it  has  a bright  yellow  colour,  and  adding  water  till  it  is  pale 
yellow) ; this  produces,  with  narcotine,  a yellow  colour  in  the  cold,  becoming 
•pink  on  boiling  and  adding  more  of  the  euclilorine-water.  Narcotine  was  the 
lirst  base  extracted  from  opium. 

When  narcotine  is  heated  with  water  to  250°  C.,  it  yields  much  trimethylamine 
N(CH3)3.  When  heated  with  hydriodic  acid,  it  yields  methyl  iodide  and  nor- 
narcotine,  C10H17NO7;  hence,  narcotine  is  trimetliyl  nornarcotine.  The  mono-  and 
di-methyl  nornarcotines  have  been  obtained  by  heating  narcotine  with  HC1.  When 
long  boiled  with  water,  narcotine  is  decomposed  into  a new  base,  cotar  nine, 
C1.,Hl3N03.Aq,  which  is  soluble  in  water  ; and  meconin,  C)0H10O.,,  which  is  sparingly 
soluble  in  water,  and  has  some  of  the  properties  of  an  alcohol.  It  is  contained 
in  opium  to  the  amount  of  rather  less  than  1 per  cent.  This  decomposition  of 
narcotine  is  expressed  by  the  equation  C22H23N07  = C12H,3N03  + C10H10O.,. 

Opianic  acid,  C,0HIUO5,  is  obtained,  together  with  cotarnine,  when  narcotine  is 
oxidised  by  manganese  dioxide  and  sulphuric  acid,  or  by  dilute  nitric  acid.  It 
•crystallises  in  sparingly  soluble  needles,  and,  when  heated  with  potash,  yields 
meconin  and  the  potassium  salt  of  another  ciystalline  acid,  hemipinic  acid, 
€JOHIU0U ; 2C10H10O5  + 2KIIO  = C10HsK2O8  + C,0IIl0O,  + 2H20  These  two  acids  appear 
to  be  derivatives  of  protocatechuic  (dihydroxybenzoic)  acid,  0BH3(UHJ2.GU2ti 
(p.  525),  hemipinic  acid  being  carboxylated  dimethyl  proto-catechuic  acid, 
CbH2(O.CH3)2(CO.,H)2,  while,  in  opianic  acid,  the  aldehyd  group  replaces  a car- 
boxyl group,  CbH;(0:CH3)2.C0H.C02H. 

Thebaine,  C10H2lNO3,  is  contained  in  opium  in  small  proportion  ; it  remains  in 
the  solution  from  which  the  hydrochlorides  of  morphine  and  codeine  have  crys- 
tallised. This  solution  is  mixed  with  ammonia,  which  precipitates  thebaine 
together  with  some  narcotine  ; the  precipitate  is  dissolved  in  a little  acetic  acid, 
and  the  narcotine  precipitated  by  tribasic  lead  acetate.  The  lead  is  precipitated 
from  the  filtrate  by  dilute  sulphuric  acid,  after  which  ammonia  is  added  to  pre- 
cipitate the  thebaine.  This  alkaloid,  like  morphine,  is  insoluble  in  water,  but 
dissolves  in  alcohol  and  ether,  and  crystallises  in  plates.  It  is  insoluble  in  alka- 
lies. Its  alcoholic  solution  is  alkaline.  Thebaine  gives  a blood-red  solution  with 
strong  sulphuric  acid.  When  heated  with  hydrochloric  acid,  it  yields  an  iso- 
meride,  thebenine,  which  gives  a blue  colour  with  sulphuric  acid.  Thebaine  is 
very  poisonous,  producing  tetanic  convulsions. 

Narceine,  C2:1H2<JN  0,„  remains  in  the  solution  from  which  the  thebaine  and  nar- 
cotine have  been  precipitated  by  ammonia.  This  is  mixed  with  lead  acetate,  to 
precipitate  the  rest  of  the  narcotine,  filtered,  the  lead  removed  by  sulphuric  acid, 
the  filtrate  neutralised  by  ammonia,  and  evaporated,  when  the  narceine  crystal- 
lises, leaving  meconin  in  solution,  which  may  be  extracted  by  shaking  with  ether. 
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Narceine  crystallises  from  water  in  prisms  with  2Aq  ; it  is  soluble  in  alcohol,,  hut 
not  in  ether.  It  is  a narcotic  poison.  Iodine  colours  its  solution  blue. 

Papaverine,  C21H21N04,  is  contained,  in  small  proportion,  in  the  precipitate  pro- 
duced by  excess  of  potash  in  the  aqueous  solution  of  opium.  The  precipitate  is 
dissolved  in  ether,  and  shaken  with  dilute  acetic  acid  ; the  lower  layer  then  con- 
tains the  acetates  of  narcotine,  thebaine,  and  papaverine ; these  are  again  pre- 
cipitated by  potash,  and  treated  with  oxalic  acid,  which  leaves  the  acid  papaverine 
oxalate  undissolved.  Papaverine  is  sparingly  soluble  in  water,  but  dissolves  in 
hot  alcohol  and  ether.  It  gives  a violet-blue  solution  with  strong  sulphuric  acid. 
Its  poisonous  properties  appear  to  be  feeble. 

476.  Cinchona-alkaloids.- — The  plants  of  the  natural  order  Cinchona- 
cece  are  remarkable  for  their  medicinal  properties.  Conspicuous  among 
them  are  cinchona,  which  furnishes  quinine  ; the  coffee- tree,  which  yields 
caffeine ; and  the  ipecacuanha,  which  produces  emetine. 

Cinchona,  or  Peruvian  bark,  is  obtained  chiefly  from  the  districts 
around  the  Andes,  and  owes  its  valuable  febrifuge  qualities  to  the 
presence  of  certain  alkaloids,  of  which  the  most  important  are — 

Quinine  . . . C2llH21N202  [ Cinchonidine  . • t-'2gU2jN  20 

Conquinine . . . C20H24N2O2  Paytine  . . . C21H21N20.2 

Quinamine  . . . C20H2flN2O2  Aricine  . . . C23H2CN204 

Cinchonine . . . C20H24N2O 

Of  these,  quinine  and  cinchonine  are  by  far  the  most  important.  The- 
different  species  of  cinchona  yield  a bark  containing  these  alkaloids  in 
different  proportions.  The  yellow  bark  yields  from  2 to  3 per  cent,  of 
quinine,  and  only  0.2  or  0.3  of  cinchonine ; the  red  bark,  about  2 per  cent., 
of  quinine  and  1 per  cent,  of  cinchonine  ; and  the  pale  or  grey  bark, 
about  0.8  per  cent,  of  quinine  and  2 per  cent,  of  cinchonine.  The  alka- 
loids exist  in  combination  with  quinic  acid  and  with  a variety  of  tannin 
known  as  quinotannic  acid. 

Quinine,  CS0H24N,O2,  is  prepared  by  boiling  the  bruised  bark  with 
diluted  hydrochloric  acid,  and  mixing  the  filtered  solution  with  lime- 
diffused  through  water,  until  it  is  alkaline.  The  precipitate,  containing 
quinine,  cinchonine,  and  colouring  matter,  is  filtered  off  and  boiled  with 
alcohol,  which  dissolves  both  the  alkaloids,  leaving  the  excess  of  lime 
undissolved.  A part  of  the  alcohol  is  then  recovered  by  distillation,  and 
the  solution  neutralised  with  sulphuric  acid,  boiled  with  animal  charcoal 
till  decolorised,  and  filtered.  On  standing,  quinine  sulphate  crystallises, 
out,  leaving  the  cinchonine  sulphate  in  solution.  The  quinine  sulphate 
is  dissolved  in  water,  and  decomposed  by  ammonia,  which  precipitates- 
the  quinine. 

Quinine  crystallises  in  prisms  containing  3 Aq,  which  require  900  parts 
of  cold  water  for  solution;  it  dissolves  easily  in  alcohol,  ether,  and  chloro- 
form. Its  solutions  are  alkaline,  and  bitter.  It  appears  to  be  a tertiary 
di-amine,  because,  when  heated  with  the  iodides  of  alcohol  radicals,  it 
yields  iodides  which  furnish  ammonium  bases  when  decomposed  by  silver 
hydroxide ; thus,  methyl  iodide  gives  C20H24.CH3.N2O2I,  which  yields 
the  alkaline  hydroxide,  C20II24.CH3.H2O2.0lI. 

Quinine  is  characterised  by  exhibiting  a beautiful  blue  fluorescence 
when  dissolved  in  dilute  sulphuric  acid,  and  by  producing  a fine  green 
colour  when  its  dilute  acid  solutions  are  mixed  with  a little  chlorine-  or 
bromine-  or  euclilorine- water  (see  p.  597),  and  afterwards  with  ammonia. 
The  green  colour  is  due  to  thalleiochin,  formed  by  the  reaction 
C,,H2,tN202  + NHa  + 04  = C20II.N3O.. 

Quinine  is  a di-acid  base,  but  ib  sometimes  forms  salts  in  which  it  is 


CINCHONINE. 


599 


monacid.;  there  are  two  hydrochlorides ; Cf0Hf4N,Or2HOl  is  converted 
by  water  into  C20H24N2O,.HCl/  which  crystallises  in  needles  of  the  for- 
mula 2(C,0H24N2O2.HCl):3A.q.  . 

Normal  quinine  sulphate,  C20H24N2O2.H2SO  yAq  is  soluble ■ m.  n 
parts  of  cold  water,  but  the  basic  sulphate,  (C20H24JN2OJ2.Ii2feU4.oAq, 
requires  780  parts  of  cold  water  to  dissolve  it..  This  is  the  quinine  salt 
generally  used  in  medicine ; it  forms  very  light  silky  needles,  which 
dissolve  easily  in  dilute  sulphuric  acid,  forming  the  acid  sulphate, 

C20H24N2O2.(H2SO4)2.7Aq,  which  is. very  soluble  . 

Quinine  is  very  slightly  soluble  in  potash,  and  sparingly  in  ammonia, 
though  it  is  more  soluble  in  NH3  than  any  other  cinchona  alkaloid. 
If  normal  quinine  sulphate  be  dissolved  in  strong  acetic  acid,  ■\\aimec, 
and  an  alcoholic  solution  of  iodine  added  gradually,  thin  rectangular 

plates  are  deposited  on  cooling,  having  the  formula 

* C20H24N2O2.H2SO4.I2.5H2O. 

These  crystals  ( herapatliite , or  artificial  tourmaline)  are  bronze-green  by 
reflection,  but  transmit  light  of  a pale  olive  colour,  which  is  perfectly 
polarised,  like  that  transmitted  by  tourmaline,  so  that,  if  another  plate 
be  laid  upon  the  first,  no  light  is  transmitted  when  their  principal  axes 
are  at  right  angles. 

Quinidine,  or  conquinine,  C.,0H.,4N2O2,  is  isomeric  with  quinine,  and  is  extracted 
from  a brown  substance  called  quiiioidine,  or  amorphous  (quinine,  which  is  obtained 
from  the  mother-liquors  of  quinine  sulphate,  and  is  sold  as  a cheap  substitute  tor 
quinine.  It  is  also  obtained  in  quantity  from  some  of  the  inferior  varieties  oi 
cinchona,  such  as  Cinchon a cordifolia,  which  yields  the  Carthagena  bark.  Qum- 
icline  forms  larger  prismatic  crystals  than  quinine,  and  these  contain  only  2Aq. 
Its  salts  are  more  soluble  than  those  of  quinine,  and  they  are  strongly  dextro- 
rotatory for  polarised  light,  while  those  of  quinine  are  lmvorotatory. 

Quinicine,  also  isomeric  with  quinine,  is  formed  by  heating  quinine  or  quinidine 
with  dilute  sulphuric  acid  to  130°  C.  It  is  resinous,  but  its  salts  crystallise.  Its 
solutions  are  feebly  dextrorotatory.  . . 

Cinchonine,  C20H24N2O,  remains  as  sulphate  in  the  mother-liquor  from  quinine 
sulphate  (p.  598),  a’ud'may  be  precipitated  by  ammonia.  It  is  almost  insoluble  in 
water,  and  sparingly  soluble  in  alcohol.  Ether  scarcely  dissolves  it,  and  is  used 
to  distinguish  it  from  quinine.  It  crystallises  from  hot  alcohol  in  anhydrous 
prisms,  which  have  an  alkaline  reaction.  The  salts  of  cinchonine  are  more 
soluble  than  those  of  quinine,  and  give  a much  more  voluminous  precipitate  with 
ammonia,  which  is  insoluble  in  a large  excess,  and  is  not  cleared  up  by  shaking 
with  ether,  as  in  the  case  of  quinine. 

Cinchonine  sulphate,  (C20H24N„O)2.H2SO4.2Aq,  fuses  when  heated,  evolving  an 
aromatic  odour  and  becoming  red.  Solution  of  cinchonine  sulphate  is  less 
strongly  fluorescent  than  quinine  sulphate.  Cinchonine  also  differs  from  quinine 
in  yielding  solutions  which  are  strongly  dextrorotatory  for  polarised  light. 
Cinchonine  itself  may  be  partly  sublimed  by  a gentle  heat,  which  is  not  the  case 
with  quinine. 

By  treating  cinchonine  hydrochloride  with  bromine,  the  hydrochloride  of 
bromocinchonine,  C20H.,,BrN.,O,  is  obtained.  If  this  be  precipitated  by  ammonia 
and  boiled  with  potash,  C20H23BrN2O  + KHO  = KBr  + C20H23(HO;N2O,  hydroxy- 
cinchonine,  or  oxy cinchonine ; this  is  metameric  with  quinine,  but  is  insoluble  in 
ether. 

Cinchonidine  is  isomeric  with  cinchonine,  but  is  strongly  lievorotatory. 

Cinchonicine,  another  isomeride,  resembles  quinicine  in  origin  and  properties. 

When  quinine,  cinchonine,  and  the  bases  isomeric  with  them  are  fused  with 
potash,  they  yield  the  quinoline  bases,  three  volatile  homologous  bases  found  in 
coal-tar,  viz.,  (quinoline , C„H.N ; lepidine,  C10H„N  ; and  cryptidine,  C11H11N.  The 
tarry  odour  on  heating  cinchonine  is  probably  due  to  these. 

477.  Caffeine  or  tlieine,  C8H10lSrtO,,  or  methyl-theobromine, 

C7H,(CH:;)N402, 

is  also  extracted  from  a plant  of  Cinchonaceous  order,  the  cott'ee-tree 
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(C  affect  arabica),  the  seeds  of  which  contain  about  1.5  per  cent,  of 
caffeine.  It  is  also  found  in  the  leaves ; but  those  of  the  tea-plant 
( Thea ) yield  more  of  it,  the  proportion  in  the  dried  leaf  varying  from 
2 to  4 per  cent. 

To  prepare  caffeine,  tea-dust  is  boiled  with  water  to  extract  all  the 
soluble  matter,  which  amounts  to  about  30  per  cent.,  and  consists  of 
tannin,  caffeine,  aromatic  oil,  and  other  bodies.  The  decoction  is 
filtered,  mixed  with  excess  of  lead  acetate,  which  precipitates  the  tannin, 
again  filtered,  the  lead  precipitated  by  H2S,  and  the  filtrate  from  the 
lead  sulphide  evaporated  to  a small  bulk,  when  the  caffeine  crystallises 
out,  and  may  be  purified  by  recrystallisation  from  alcohol.  The  waste 
tea-leaves  which  have  been  exhausted  in  the  tea-pot  will  yield  a con- 
siderable proportion  of  caffeine  when  treated  in  this  way.  Caffeine 
may  be  extracted  from  unroasted  coffee-beans  by  grinding  them,  and 
treating  them  in  a similar  way.  Caffeine  may  be  sublimed  from  tea- 
leaves  or  coffee-beans  by  gently  heating  them  in  an  evaporating  dish 
covered  with  a dial-glass  ; one  of  the  best  processes  for  obtaining  it  is 
to  precipitate  decoction  of  tea  with  tribasic  lead  acetate,  to  evaporate 
the  filtrate  to  dryness,  on  the  steam-bath,  at  last,  and  to  cautiously  heat 
the  dry  residue  in  an  evaporating  dish,  when  the  caffeine  sublimes  on 
to  the  cover. 

Caffeine  may  also  be  extracted  from  raw  coffee  by  mixing  it  with 
half  its  weight  of  slaked  lime,  extracting  with  hot  alcohol,  evaporating 
to  dryness,  redissolving  in  alcohol,  filtering,  diluting  with  water,  and 
evaporating  off  the  alcohol,  when  the  oil  separates  and  may  be  filtered 
off,  and  the  solution  deposits  crystals  of  caffeine. 

Caffeine  is  contained  in  several  plants  which  are  used  in  various 
places  for  chewing  or  preparing  drinks.  Paraguay  tea  is  made  from 
the  leaves  of  one  of  the  Ilicacem,  or  holly  order,  the  Ilex  paraguayensis, 
and  is  drunk,  under  the  names  of  mate  and  congonha,  in  Paraguay, 
Brazil,  Chili,  and  Peru.  The  leaves  contain  caffeine.  Another  bever- 
age containing  caffeine  is  used  by  the  Indians  of  Brazil,  and  called 
Guarana,  being  prepared  from  the  seeds  of  the  Paullinia  sorbilis,  a 
tree  of  the  soap-wort  order,  to  which  the  horse-chestnut  belongs.  The 
kola-nut,  or  seeds  of  Cola  acuminata,  used  as  food  and  medicine 
by  the  natives  of  West-Central  Africa,  contains  about  2 per  cent,  of 
caffeine. 

Caffeine  crystallises  in  fine  silky  needles  containing  a molecule  of 
water,  which  is  expelled  at  100°  C.  It  melts  at  225  C.,  and  sublimes 
undecomposed.  It  dissolves  in  90  parts  of  cold  water,  yielding  a bitter 
solution,  which  is  not  alkaline.  It  is  soluble  in  alcohol  and  ether,  and 
more  easily  in  benzene  and  chloroform. 

Caffeine  is  a very  weak  base,  its  salts  being  decomposed  by  water. 
The  hydrochlorate,  C8H10N,O2.ITC1.2Aq,  crystallises  from  strong  hydro- 
chloric acid  in  prisms,  which  leave  pure  caffeine  at  ioo°  C.  The 
sulphate,  C8H10N4O„.H2SO4,  is  obtained  in  needles  by  adding  dilute 
sulphuric  acid  to  a hot  alcoholic  solution  of  caffeine.  The  acetate  is 
C8HI0N4O2(C3H4O2)2.  u . 

The  products  of  oxidation  of  caffeine  connect  it  closely  with  uric  acid. 
Chlorine-water  (or  HCi  + KC10s)  converts  it  into  amalic  acid,  or  tetramethyl 
alloxantin , CACHAN.CL.Aq.  In  the  presence  of  air,  water,  and  ammonia,  this 
yields  murexoin,  or  tetramethyl  murexide,  Cs(CH3)4N506(NH4),  which  crystal  lses 
from  hot  water  in  scarlet  prisms  with  a golden  lustre.  Jhe  test  tor  calicine  is 
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based  on  this  : dissolve  it  in  strong  HC1,  add  a crystal  of  potassium  chlorate,  and 
evaporate  to  dryness.  A red  residue  is  left,  which  becomes  purple  with  ammonia, 
and  is  bleached  by  potash. 

The  final  product  of  the  action  of  chlorine-water  on  caifeine  is  cholestrophane , or 
dimethyl-parabanic  acid,  C.!(CH3).JN203,  another  derivative  of  uric  acid.  When  long- 
boiled  with  baryta-water,  caffeine  is  converted  into  caffeidine,  C7H12N40,  which  is 
a stronger  base  than  caffeine  ; C3H10N,O,  + Ba(OH).,  = C7H12N40  + Ba003. 

Theobromine,  C7HsN40„,  homologous  with  caffeine,  and  at  one  time  believed  to 
be  isomeric  with  it,  is  extracted  from  the  seeds  of  the  cacao-tree  ( Theobroma 
cacao),  which  grows  in  Demerara.  These  are  known  as  cocoa-nibs,  and  are  the 
raw  material  of  cocoa  and  chocolate.  The  seeds  contain  about  0.5  per  cent,  of 
theobromine,  which  may  be  extracted  from  them  in  the  same  way  as  caffeine 
from  tea  or  coffee.  It  much  resembles  caffeine,  but,  when  treated  with  hydro- 
chloric acid  and  potassium  chlorate,  it  yields  dimethyl-alloxantin,  C8H2(CH3)2N407. 
When  theobromine  is  dissolved  in  ammonia  and  boiled  with  silver  nitrate,  a 
white  precipitate  of  silver  theobromine,  C7H7AgN402,  is  obtained,  and  when  this  is 
heated  with  methyl  iodide,  it  yields  methyl  theobromine,  or  caffeine — 
C.H7AgN402  + CH3I  = C7H7(CH3)N402  + Agl. 

Emetine,  C30H.|.|N2Os,  is  a little-known  base  extracted  from  the  root  of  Cephaelis 
ipecacuanha,  a cinchonaceous  plant  much  used  in  medicine. 

478.  Strychnos-alkcdoids. — Strychnine  and  brucine  are  obtained  from 
nux-vomica,  the  seeds  of  the  tropical  plant  Strychnos  nux-vomica, 
from  false  angostura  bark,*  which  is  the  bark  of  the  same  tree,  and 
from  Ignatia  amara,  or  St.  Ignatius'  bean.  Nux-vomica,  or  crow-jig,  con- 
tains about  1 per  cent,  of  strychnine  and  1 per  cent,  of  brucine. 

Strychnine,  C21H22N202,  is  extracted  from  the  crushed  seeds  of  nux- 
vomica  by  boiling  them  with  very  dilute  hydrochlox-ic  acid.  The  solution 
is  mixed  with  milk  of  lime,  and  the  precipitate  filtered  off  and  boiled 
with  alcohol,  which  dissolves  the  strychnine  and  brucine,  and  deposits 
the  strychnine  first  when  evaporated.  The  mother-liquor  is  neutralised 
with  nitric  acid,  when  strychnine  nitrate  crystallises  out,  leaving 
brucine  nitrate  in  solution. 

Strychnine  crystallises  in  rhombic  prisms,  which  require  7000  parts 
of  water  for  solution.  It  is  insoluble  in  ether  and  in  absolute  alcohol, 
but  dissolves  in  dilute  alcohol.  It  is  very  soluble  in  chloroform,  which 
is  the  best  agent  for  collecting  it  from  aqueous  solutions.  Its  intense 
bitter  taste  is  very  remarkable,  and  may  be  imparted  to  one  million 
parts  of  water  (one  grain  in  fourteen  gallons).  Its  alcoholic  solution  is 
alkaline,  and  it  is  a monacid  tertiary  base,  combining  with  methyl  iodide 
to  form  stryclinine-methylium  iodide,  N2C21H2.,0.,.CH3I,  which  yields  the 
corresponding  hydroxide  base  when  decomposed  by  AgHO.  But  this 
ammonium  base  is  not  bitter,  nor  poisonous  unless  injected  under  the 
skin,  when  it  induces  paralysis.  Strychnine  is'  extremely  poisonous, 
giving  rise  to  tetanic  convulsions.  Potash  precipitates  strychnine  from 
its  solution  in  acids,  and  an  excess  does  not  dissolve  it ; the  precipitate 
by  ammonia  dissolves  in  excess,  but  the  strychnine  crystallises  out  after 
a time.  The  smallest  particle  of  strychnine  may  be  identified  by  dis- 
solving it  in  strong  sulphuric  acid  and  adding  a minute  fragment  of 
potassium  dichromate,  which  produces  a fugitive  blue-violet  colour. 
When  strychnine  is  warmed  with  dilute  nitric  acid,  it  gives  a faint  pink 
solution,  which  becomes  scarlet  on  adding  a particle  of  powdered  potas- 
sium chlorate ; ammonia  changes  this  to  brown,  and,  on  evaporating  to 
dryness,  a green  residue  is  obtained,  which  dissolves  in  water  to  a green 

0 True  angostura  bark  is  obtained  from  Galipea  officinalis  and  G.  cu spuria,  belonging  to 
the  order  Rutaceas.  It  is  used  as  a febrifuge. 
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solution,  changed  to  orange  by  potash,  and  becoming  green  again  with 
nitric  acid.  Euchlorine-water  (p.  597)?  added  to  a solution  of  strychnine 
in  hydrochloric  acid,  gives,  on  boiling,  a fine  red  colour,  bleached  by 
excess,  and  returning  when  boiled. 

Brucine,  C23H„6N204,  is  precipitated  by  potash  from  the  solution  of  brucine 
nitrate  obtained’  in  the  extraction  of  strychnine.  It  is  more  soluble  in  water  and 
alcohol  than  strychnine,  and  crystallises  in  prisms  with  4Aq.  Like  strychnine,  it 
is  nearly  insoluble  in  ether.  It  is  intensely  bitter  and  strongly  basic.  Nitric 
acid  dissolves  it  with  a fine  red  colour,  which  becomes  violet  on  adding  stannous 
chloride.  When  distilled  with  MnO„  and  II.,S04,  brucine  yields  methyl  alcohol. 

479.  Aconitine,  C33H43N012,  is  extracted  from  the  root  of  Aconitum  napeUus,  a 
plant  of  the  Ranunculaceous  or  buttercup  order,  known  as  monk’s  hood,  blue  rochet, 
and  wolf’s  bane.  The  root  has  often  been  scraped  and  eaten  by  mistake  for  horse- 
radish (Oochlearia  armor acici,  a cruciferous  plant),  but  the  two  roots  are  really 
very  unlike,  and  the  scrapings  of  monk’s  hood  become  pink  when  exposed  to  air, 
while  those  of  horse-radish  remain  white.  To  extract  the  aconitine,  the  scrapings 
of  the  root  are  boiled  with  alcohol  mixed  with  a little  tartaric  acid ; the  solution 
is  evaporated  below  6o°  C. ; the  dry  residue  is  dissolved  in  water  and  shaken  with 
ether,  which  removes  some  foreign  matters  ; the  aqueous  layer  is  then  precipitated 
by  hydrosodium  carbonate ; the  precipitated  aconitine  is  dissolved  in  dilute 
sulphuric  acid  and  precipitated  by  ammonia.  It  may  be  crystallised  from  alcohol 
in  plates  which  are  anhydrous,  and  forms  well-defined  salts.  Aconitine  is  one  oi 
the  most  poisonous  alkaloids,  and,  as  yet,  no  trustworthy  chemical  test  for  it  is 
known,  so  that  the  toxicologist  is  obliged  to  place  a little  of  the  suspected  sub- 
stance on  the  tongue,  when  aconitine  produces  a numbing  tingling  feeling  lasting 
for  some  time.  When  heated  with  potash,  aconitine  yields  potassium  benzoate 

and  aconine,  a new  base.  . , ^ 

JPseudaconitine,  C„7H3;N05,  is  a poisonous  alkaloid  obtained  from  Aconitum  ferox, 
an  Indian  plant  of  the  same  natural  order.  Pseudaconitine  yields  no  crystalline 
salt  except  the  nitrate,  and  crystallises  with  a molecule  of  water.  Heated  with 
potash,  it  yields  pseiulaconine,  C^H^NO,,,  and  the  potassium-salt  of  dimethy 
dihydroxvbenzoic  (or  dimethyl  protocatechuic)  acid  (p.  525;. 

The  preparations  sold  as  aconitine  are  often  impure  bases  of  very  variable  quality. 
Veratrine,  C37H,3NOu,  is  extracted  from  the  root  of  white  hellebore  ( \ eratrum 
album ) and  from  the  seeds  of  Veratrum  sabadilla,  plants  of  the  natural  oiclei 
Colchicaceai.  The  alkaloid  is  present  in  very  minute  quantity.  It  is  extracted 
by  digesting  the  root  with  alcohol  containing  a little  tartaric  acid,  evaporating 
the  alcohol  from  the  filtered  solution,  dissolving  the  residue  in  water,  liberating 
the  alkaloid  by  caustic  soda,  and  shaking  with  ether,  which  dissolves  it.  Hie 
ethereal  layer  leaves  the  alkaloid  when  evaporated.  Veratrine  is  characterised 
bv  its  power  to  cause  violent  sneezing  when  a particle  of  the  powder  is  drawn 
into  the  nose.  It  dissolves  in  HC1,  and  the  solution  becomes  red  when  gently 
heated  atrono-  H..SO,  gives  a yellow  solution  passing  into  carmine-rea,  ana 
becomino-  purple  w’ith  bromine-water.  Cevadine,  C3.,H49N09,  is  another  alkaloi 
SS,  sneezing,  end  is  extracted  from  CevadiUa  seeds  PW™, 
Veratralbine,  a,H(1NO,,  jermne,  C,,H  NO,,  pseudo, ervme  C.H.N0 >„  and In*- 
jervine,  C26H.,3N02,  are  also  extracted  from  the  veratrums.  ihese  plants 

^'BebecHne  CMT°N03!  is  extracted  from  the  bark  of  the  bibiru-tree,  a tree  of 
the  laurel  order,  which  grows  in  British  Guiana,  and  yields  the  green-heart  w ood 
used  in  shipbuilding,  because  it  resists  the  attacks  of 

is  amorphous,  insoluble  in  water,  but  soluble  _ in  alcohol. _ The  sulphate, 

(C  H NO  1 IT  SO  is  sometimes  used  in  medicine  instead  of  quinine  sulphate. 

{ ££rim  C h C obtained  from  the  root  of  the  barberry  {Berbers  vuhjans), 
and  from  calumba-root  ( Cocculus  palmatus)  and  false  calumbMOot  (^STn 
fenrstratum),  both  belonging  to  the  Menispermaceae.  Bc^e  i e c yVallncs 
’yellow  needles  with  6Aq,  and  forms  yellow  salts.  It  rs  soiuble  in  water. 

' Pinerine  NfC  H )"(C,  Ho0„),  is  a feeble  base  extracted  by  alcohol  Horn  wm 

pep^r™the  ripe  fruit  of  *!>&r  nigrum  (the 

crystallises  in  plates,  which  are  insoluble  in  water  but  soluble  m ether, 
alcoholic  solution  tastes  hot.  When  boiled  with  potas  1 

N(C,H,0)"(C12HbO3)  + KHO  = N(CSH10)"H  + C]2H„03.0K 

V * ,o;  ^ 12  0 Piperidine.  Potassium  piperate. 
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Piperidine  is  a liquid  secondary  monamine,  boiling  at  106’  C.,  and  smelling  of 
pepper  and  ammonia  ; it  is  soluble  in  water,  forms  crystalline  salts,  and  behaves 
like  other  secondary  amines  in  yielding  tertiary  amines  and  ammonium  bases. 
When  heated  to  300°  0.  with  strong  H2S04,  it  yields  pyridine,  C5H5N,  which  may 
be  reconverted  into  piperidine  by  nascent  hydrogen,  furnished  by  tin  and  HG1. 
Piperic  acid , C12H10O4,  is  precipitated  from  the  ‘potassium-salt  by  hydrochloric 
acid,  and  crystallises  in  yellow  needles  from  alcohol.  When  fused  with  potash, 
it  yields  the  carbonate,  oxalate,  acetate,  and  protocatechuate,  the  last  indicating 
that  it  is  a benzene  derivative. 

480.  Cocaine,  CirH2IN04,  is  extracted  from  the  leaves  of  Enytliroxylon  coca,  a. 
Peruvian  stimulant.  It  crystallises  in  prisms  containing  Aq,  and  dissol\es  in 
alcohol.  It  is  used  in  ophthalmic  affections. 

Physostiqmine , or  eserine , C]5H2IN302,  is  obtained  from  the  Calabar  bean,  the 
seed  of  a 'Papilionaceous  plant.  'It  is'  sparingly  soluble  in  water,  but  dissolves 
in  alcohol,  is  strongly  alkaline,  and  very  poisonous.  It  has  the  property  of  con- 
tracting the  pupil  of  the  eye. 

Colchicine,  C„Hl9NOs,  occurs  in  meadow  saffron,  Colchicum  autumnule  (belong- 
ing to  the  same  order  as  the  Veratrums) ; much  used  as  a remedy  in  gout.  It  is 
a very  feeble  base,  soluble  in  water  and  alcohol,  and  does  not  crystallise. 

Cytisine,  C,4H27N:lO,  is  the  poisonous  alkaloid  contained  in  the  seeds  of  Cytisus 
laburnum,  a Papilionaceous  plant. 

Chelidonine,  Cl9H17N04,  has  been  extracted  from  celandine  ( Chelidonium  mcijus), 
a plant  of  the  Poppy  order.  It  may  be  remarked  that  the  formula  of  chelidonine 
nearly  resembles  that  of  morphine,  obtained  from  a plant  belonging  to  the  same 
natural  order. 

Delphinine,  C2.,H3-NO.,,  is  the  poisonous  alkaloid  contained  in  larkspur  or 
stavesacre  (Delphinium  staphisagria),  the  seeds  of  which  are  used  for  destroying 
vermin  (aconite  belongs  to  the  same  order). 

Pilocarpine,  CnH18N202,  is  extracted  from  the  leaves  of  Pilocarpius pennatifolius, 
a plant  of  the  Rue  order.  The  base  itself  is  not  crystalline,  but  the  hydrochloride 
and  nitrate  are  crystalline  salts,  which  are  used  in  medicine. 

Jaborandine,  C,*iI12N203,  is  another  alkaloid  obtained  from  the  same  source. 

CYANOGEN  AND  ITS  COMPOUNDS. 

481.  In  the  beginning  of  the  last  century,  a manufacturer  of  colours 
at  Berlin  accidentally  obtained  a blue  powder  when  precipitating  sulphate 
of  iron  with  potash.  This  substance  was  used  as  a colour,  under  the  name 
of  Prussian  blue,  for  several  years,  before  any  explanation  of  its  produc- 
tion was  attempted,  or  even  before  the  conditions  under  which  it  was 
formed  were  exactly  determined.  In  1724  it  was  shown  that  Prussian 
blue  could  be  prepared  by  calcining  dried  animal  matters  with  potashes 
and  mixing  the  aqueous  solution  of  the  calcined  mass,  first  with  sulphate 
of  iron  and  afterwards  with  hydrochloric  acid ; but  the  most  important 
step  towards  the  determination  of  its  composition  was  made  by  Macquer, 
who  found  that,  by  boiling  it  with  an  alkali,  Prussian  blue  was  decom- 
posed, yielding  a residue  of  red  oxide  of  iron,  and  a solution  which  repro- 
duced the  blue  when  mixed  with  a salt  of  iron,  from  which  he  inferred 
that  the  colour  was  a compound  of  the  oxide  of  iron  with  an  acid  for 
which  the  alkali  had  a more  powerful  attraction — a belief  confirmed,  in 
1 782,  by  Scheele’s  observations,  that  when  an  alkaline  solution  prepared 
for  making  the  blue  was  exposed  to  the  air,  or  to  the  action  of  carbonic 
acid,  it  lost  the  power  of  furnishing  the  colour,  but  the  escaping  vapour 
struck  a blue  on  paper  impregnated  with  oxide  of  iron.  Scheele  also 
prepared  this  acid  in  a pure  state,  and  it  soon  after  obtained  the  name 
of  j/russic  acid. 

In  1787,  Berthollet  found  prussic  acid  to  be  composed  of  carbon, 
hydrogen,  and  nitrogen,  but  he  also  showed  that  the  power  of  the  alka- 
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line  liquor  to  produce  Prussian  blue  depended  upon  the  presence  of  a 
yellow  salt  crystallising  in  octahedra,  and  containing  prussic  acid,  potash, 
and  oxide  of  iron,  though  the  latter  was  so  intimately  bound  up  with  the 
other  constituents  that  it  could  not  be  separated  by  those  substances 
which  are  usually  employed  to  precipitate  iron. 

Porrett,  in  1814,  applying  the  greatly  increased  resources  of  chemistry 
to  the  investigation  of  this  subject,  decomposed  Prussian  blue  with  baryta, 
and  subsequently  removed  the  baryta  from  the  salt  thus  obtained  by 
means  of  sulphuric  acid,  when  he  obtained  a solution  of  the  acid,  which 
he  named  ferruretted  chyazic  acid. 

In  1815,  Gay-Lussac,  having  boiled  Prussian  blue  (or  prussiate  of  iron, 
as  it  was  then  called)  with  red  oxide  of  mercury  and  water,  and  crystal- 
lised the  so-called  prussiate  of  mercury,  exposed  it,  in  the  dry  state,  to  the 
action  of  heat,  and  obtained  a gas  having  the  composition  CdST,  which  was 
called  cyanogen*  in  allusion  to  its  connexion  with  Prussian  blue.  It 
was  then  seen  that  the  substance  which  had  been  called  ferruretted  chyazic 
acid  contained  iron  and  the  elements  of  cyanogen,  whence  it  was  called 
ferrocyanic  acid , and  its  salts  were  spoken  of  as  ferrocyanates.  Pobiquet 
first  obtained  this  acid  in  the  crystallised  state,  having  the  composition 
C6H4NflFe ; and  since  it  was  found  that,  when  brought  in  contact  with 
metallic  oxides,  it  exchanged  the  H4  for  an  equivalent  quantity  of  the 
metal,  according  to  the  equation — 

H4.CuN6Fe  + 2M"0  = M2".C6N,.Fe  + aH20, 
it  was  concluded  that  the  CGNGFe  composed  a distinct  group  or  radical, 
which  was  named  ferrocyanogen  (Fey)  the  acid  being  called  hydroferro- 
cyanic  acid,  and  the  salts  ferrocyanides. 

482.  Cyanogen  compounds  containing  the  group  CIST.  — Cyanogen, 
(GST)',  or ’NC.CN,  is  obtained  by  heating  mercuric  cyanide  in  a glass 

tube  or  retort  (fig.  284)  and  collecting  the  gas 
over  mercury;  Hg(CN)„  = Ilg  + (CN)„ ; the 
metallic  mercury  collects  in  globules  on  the  cool 
glass.  The  whole  of  the  cyanogen  is  not  ob- 
tained, part  being  converted  into  a brown  solid 
called  paracyanogen , which  is  left  behind.  This 
is  polymeric  with  cyanogen,  into  which  it  may 
be  converted  by  a high  temperature. 

Cyanogen  is  identified  by  its  remarkable  odour, 
and  by  its  burning  with  a pink  flame  edged  with 
green.  Its  sp.  gr.  is  1.806  (air=  1),  and  it  may 
therefore  be  collected  by  displacement  of  air.  It 
is  easily  liquefied  by  a pressure  of  4 atmospheres  at  150  C.  and  1^  atmo- 
sphere at  0°  C.  Liquid  cyanogen  has  sp.  gr.  0.87,  and  solidifies  to  a. 
crystalline  mass  at  - 34°  C.  Water  dissolves  about  4 volumes  of  cyano- 
gen yielding  a solution  which  soon  decomposes,  depositing  a brown  floc- 
culent  substance  termed  azulmic  acid,  C,N5ILO.  The  solution  is  then 
found  to  contain  ammonium  salts,  especially  the  carbonate,  formate, 
and  oxalate,  together  v 
and  water,  on  standing 
KIIO  in  the  cold,  viz., 
in  the  case  of  cyanogen 
hydrocyanic,  HCN,  am 

* From  Kuareoj,  blue. 


,’ith  urea.  The  first  reaction  between  cyanogen 
probably  resembles  that  between  chlorine  and 
Cl  + 2KIIO  - KC1  + KCIO  + 11,0 ; the  reaction 
being  (CN),  + H20  = HCN  + H(CN)0,  producing 
1 cyanic,  ITCNO,  acids.  The  cyanic  acid,  acting 
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upon  water,  produces  hydro-ammonium  carbonate;  HCNO  + 2 11,0  = 
N H4HC03.  Hydrocyanic  acid,  in  contact  with  water,  yields  ammonium 
formate  ; IICN  + 2H,0  = HCO,NII4.  Cyanogen,  with  water,  yields 
ammonium  oxalate;  (CN)„  + 4H20  = C.,04(NH4),.  Cyanic  acid,  with 
ammonia,  yields  urea;  HCNO  + jSTH3  = (NH2)2CO.  The  azulmic  acid 
appears  to  result  from  a reaction  between  cyanogen,  ammonia,  and 
water ; 2(CN).,  + NH3  + H20  = C4H3N.O ; it  may  be  prepared  by  passing 
cyanogen  into  dilute  ammonia,  and  heating  in  a closed  vessel.  When 
dry  ammonia  gas  acts  upon  cyanogen  gas,  a black  substance  is  produced, 
which  is  called  hyd/razulmin ; 2NH3  4-  2(CN)2  = C4H6N6.  This  appears 
to  be  azvlmamicle , for,  when  acted  on  by  water,  it  yields  azulmic  acid 
and  ammonia ; C4H6N6  + H,0  = C4H3N50  + NH3. 

In  the  preceding  reactions,  cyanogen  exhibits  the  mutability  which 
is  generally  observed  in  organic  groups,  but  in  some  cases  it  exhibits  a 
stability  which  allows  it  to  be  compared  with  the  halogens  chlorine  and 
bromine.  Thus,  potassium  and  sodium  take  fire  in  cyanogen  gas  when 
gently  heated,  producing  their  respective  cyanides;  K„  + (CN)2  = 
2KCN ; cyanogen,  acting  on  solution  of  potash,  yields  potassium 
cyanide  and  cyanate;  (CN)„  + 2KHO  = KCN  + KCNO  + H„0,  just  as 
chlorine  yields  the  chloride  and  hypochlorite — 

Cl2  + 2KHO  = KC1  + RC10  + H20. 

Cyanogen  combines  with  hydrogen,  under  the  influence  of  the  silent 
electric  discharge,  to  form  hydrocyanic  acid,  TI(CN),  which  forms 
cyanides  by  exchanging  its  hydrogen  for  metals,  just  as  hydrochloric 
acid  forms  chlorides;  but  the  cyanides  of  potassium  and  sodium  are 
much  less  stable  compounds  than  the  corresponding  chlorides.  When 
boiled  with  water,  the  alkaline  cyanides  are  converted  into  alkaline 
formates,  the  nitrogen  being  evolved  as  ammonia,  and  the  carbon 
converted  into  the  carboxyl  or  oxatyl  group;  e.g., 

KCN'"  + 2H20  KCO"(OH)'  + NHr 

The  facility  with  which  the  CN  group  is  transformed  by  hydrolysis 
into  the  C02II  group  is  of  very  great  importance  in  organic  research, 
since  it  is  often  easy  to  introduce  the  CN  group  into  an  organic 
molecule,  and,  by  afterwards  converting  it  into  C0oH,  to  effect  the 
synthetical  formation  of  an  organic  aci  1.  Moreover,  since  the  carbon 
of  the  added  cyanogen  is  not  evolved,  but  only  the  nitrogen,  the  new 
acid  will  belong  to  the  next  higher  carbon  series.  Thus,  methyl  alcohol, 
CII3.OH,  may  be  converted  into  methyl  cyanide,  CH3.CN,  and  methyl 
cyanide  into  acetic  acid,  CH3.CO.OTI  or  C,H402,  the  acid  of  the  ethyl 
series. 

Cyanogen  is  produced  in  small  quantity  by  the  direct  union  of  carbon 
and  nitrogen  at  the  extremely  high  temperature  of  the  electric  spark ; 
but  to  produce  it  in  quantity,  one,  at  least,  of  its  elements  must  be  in 
the  form  of  a compound;  thus,  if  ammonia  be  passed  over  red-hot 
charcoal,  ammonium  cyanide  is  produced ; 4NH3  + C3  = 2NH4CN  + CH  ; 
again,  if  acetylene  is  mixed  with  nitrogen  and  sparked,  hydrocyanic 
acid  is  formed,  C2H2  + N2  = 2TICN.  If  one  of  the  alkali-metals  be 
present,  nitrogen  is  much  more  easily  converted  into  cyanogen ; potassium 
cyanide  may  be  obtained  by  passing  nitrogen  through  an  iron  tube  con- 
taining a heated  mixture  of  charcoal  and  potassium — 

N2  + C2  + K„  = 2KCN. 

In  place  of  the  costly  potassium,  the  materials  for  making  it,  viz., 
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potassium  carbonate  and  charcoal,  may  be  used  ; K2C03  + C4  + N,,  = 
2K.CN  + 3 CO.  A better  yield  is  obtained  by  employing  a compound"  of 
nitrogen  with  carbon,  such  as  refuse  horn  or  cuttings  of  hides  and  old 
leather,  which  are  rich  in  nitrogen. 

On  a large  scale,  potassium  cyanide  is  made  in  this  way,  but,  as  it 
cannot  be  crystallised  easily,  it  is  converted  into  the  ferrocyanide,  which 
is  the  source  whence  all  cyanogen  compounds  are  obtained. 

483.  Potassium  ferrocyanide,  or  yellow  prussiate  of  potash — 

K4C0N6Fe. 3 Aq,  or  (KCN)2.CN.Fe\CN.(KCN),  + 3Aq, 
is  manufactured  by  melting  potashes  (potassium  carbonate)  in  a cast- 
iron  pot  provided  with  a lid  and  a stirrer,  and  adding  any  cheap  material 
containing  carbon  and  nitrogen,  such  as  old  leather.  Sometimes  the 
animal  matter  is  distilled  for  the  sake  of  the  ammonia,  and  the  remain- 
ing charcoal  rich  in  nitrogen  is  used  for  making  ferrocyanide.  The 
fused  mass,  which  contains  potassium  cyanide,  is  treated  with  water, 
and  digested  with  finely  ground  spathic  iron  ore  (ferrous  carbonate), 
which  gradually  dissolves,  and  the  liquid,  when  evaporated,  yields 
crystals  of  potassium  ferrocyanide;  6KCN  + FeC03  = K4C6N6Fe  + K,C03. 
It  crystallises  in  yellow  four-sided  pyramids,  which  are  often  three  or 
four  inches  in  diameter  at  the  base.  It  dissolves  in  twice  its  weight  of 
boiling  and  in  four  times  its  weight  of  cold  water,  but  is  insoluble  in 
alcohol.  The  aqueous  solution  assumes  a darker  yellow  colour  when 
exposed  to  air  for  some  time,  oxygen  being  absorbed  and  potassium 
ferricyanide  produced  in  small  quantity.  The  neutral  solution  then 
becomes  slightly  alkaline  from  formation  of  potash. 

Crystallised  ferrocyanide  does  not  lose  water  till  6o°  C.,  when  it 
gradually  becomes  white  and  opaque.  At  ioo°  C.  it  may  be  dried  com- 
pletely, though  with  difficulty  unless  finely  powdered  and  heated  in  a 
current  of  dried  air.  When  the  undried  salt  is  moderately  heated,  it 
evolves  ammonia  and  hydrocyanic  acid,  and  becomes  brown.  The 
thoroughly  dried  salt  does  not  evolve  ammonia,  but  fuses  at  a high 
temperature,  evolving  nitrogen,  and  leaving  a residue  of  potassium 
cyanide  and  iron  carbide ; K4CeNGFe  = N2  + 4KCN  + FeC„. 

Nearly  all  acids  decompose  the  ferrocyanide,  evolving  hydrocyanic 
acid,  and  producing  compounds  containing  cyanogen  and  iron,  which 
become  blue  when  exposed  to  air,  from  the  formation  of  Prussian  blue 
and  similar  compounds.  It  is  for  this  reason  that  the  yellow  crystals 
become  blue  and  green  when  exposed  to  the  air  of  a laboratory. 
Oxidising  agents  convert  the  ferrocyanide  into  ferricyanide,  as  will  be 
seen  farther  on.  With  a large  number  of  metallic  salts,  the  ferro- 
cyanide gives  precipitates,  so  that  it  is  an  indispensable  test.  It  is  also 
largely  employed  in  the  manufacture  of  colours,  and  in  dyeing  and 
calico-printing.  The  constitution  and  chemical  relations  of  the  ferro- 
cyanides  will  be  better  understood  later  in  the  history  of  cyanogen  com- 

VOXUydrocyanic  acid,  HON,  has  been  described  in  the  section  on  acids 

^'Potassium  cyanide,  KCN,  or  KCy,  is  prepared  by  fusing,  in  an  iron 
crucible,  a mixture  of  well-dried  potassium  ferrocyanide  (8  parts)  with 

dried  potassium  carbonate  (3  parts) 

K4Cy6Fe  + K2C03  = SKCy  + KCyO  + Fe  + C02. 

As  soon  as  the  escape  of  CO„  has  ceased,  and  the  metallic  iron  has  sub- 
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sided,  the  clear  fused  mixture  of  cyanide  and  cyanate  ot  potassium  is 
poured  into  an  iron  mould . The  presence  ol  cyanate  does  not  interfere 
with  most  of  the  uses  of  the  cyanide  ; its  quantity  may  be  diminished 
by  adding  some  powdered  charcoal  to  the  mixture.  A purer  product  is 
obtained,  though  less  economically,  by  fusing  the  dried  ferrocyanide 
alone  (see  above),  and  crystallising  the  product  by  dissolving  in  hot 
alcohol.  The  purest  potassium  cyanide  is  made  by  passing  vapour  of 
hydrocyanic  acid  into  solution  of  potash  in  absolute  alcohol,  when  the 
cyanide  is  deposited  in  small  octahedral  crystals. 

' Potassium  cyanide,  as  met  with  in  commerce,  is  in  white  opaque 
lumps,  and  contains  about  60  per  cent,  of  cyanide,  the  rest  being 
cyanate  and  carbonate.  When  exposed  to  air,  it  deliquesces,  and  smells 
of  hydrocyanic  acid  and  ammonia,  the  former  being  produced  from  the 
cyanide,  and  the  latter  from  the  cyanate,  by  the  action  of  water — 

(1)  KCN  + H20  = KHO  + HCN.  (2)  KCNO  + 2li,0  = NH3  + KHCOa. 

It  dissolves  very  readily  in  water,  yielding  a strongly  alkaline  solution, 
which  evolves  HCy  and  NH3  when  boiled,  and  becomes  a solution 
of  potassium  fonnate ; IvCN  + ell20  = NH3  + PIC02K.  When  the 
commercial  cyanide  is  boiled  with  moderately  strong  alcohol,  the 
cyanide,  together  with  a little  cyanate,  is  dissolved,  and  may  be 
crystallised  from  the  solution,  while  the  carbonate  is  left  undissolved. 
Potassium  cyanide  fuses  at  a low  red  heat,  becoming  very  fluid  ; it  then 
absorbs  oxygen  from  the  air,  forming  cyanate.  This  disposition  to 
combine  with  oxygen  causes  it  to  act  as  a powerful  reducing  agent 
upon  metallic  oxides ; tin-stone  is  assayed  by  fusing  it  with  potassium 
cyanide,  when  a button  of  tin  collects  at  the  bottom — 

Sn02  + 2KCy  = Sn  + 2KCyO. 

When  heated  with  potassium  nitrate  or  chlorate,  it  causes  a violent 
explosion,  from  evolution  of  C02  and  N. 

Pure  potassium  cyanide  is  alkaline,  but  does  not  effervesce  with  acids, 
like  the  commercial  cyanide.  Solution  of  potassium  cyanide  dissolves 
silver  chloride  and  iodide,  which  leads  to  its  use  in  electro- plating 
and  in  photography,  while  its  property  of  dissolving  silver  sulphide 
is  useful  in  cleaning  gold  and  silver.  It  is  one  of  the  most  dangerous 
poisons. 

Potassium  cyanide  is  sometimes  obtained  in  considerable  quantity  from 
the  blast-furnaces  of  ironworks,  being  formed  from  the  potassium  car- 
bonate in  the  ash  of  the  fuel. 

Ammonium  cyanide , NH4CN,  may  be  sublimed  in  cubes  by  heating  a mixture  of 
mercuric  cyanide  and  ammonium  chloride.  It  undergoes  dissociation,  at  36°  C.,  into 
NH3  and  HCN,  which  recombine  at  lower  temperatures.  It  is  very  soluble  in  water 
and  alcohol,  and  smells  of  hydrocyanic  acid  and  ammonia.  When  kept,  it 
becomes  brown,  azulmin  being  produced  (p.  604).  Ammonium  cyanide  is  pro- 
duced when  ammonia  is  passed  over  red-hot  charcoal,  marsh  gas  being  also 
formed  ; 4NH3  + C3  = 2NH4CN  + CH4.  It  is  also  formed  bypassing  a mixture  of 
ammonia  and  carbonic  oxide  through  a red-hot  porcelain  tube;  2NH3  + CO  = 
NH4CN  + H20. 

The  cyanides  of  barium,  strontium,  and  calcium  are  less  soluble  than  the  alkaline 
cyanides,  and  are  easily  decomposed  by  carbonic  acid.  Zinc  cyanide,  ZnCya,  is 
precipitated  by  KCy  from  ZnS04 ; it  dissolves  in  KCy,  forming  ZnCy2(KCy)2, 
which  crystallises  in  octahedra.  Nickel  cyanide,  N iCy2,  obtained  in  a similar  way, 
forms  a pale  green  precipitate,  readily  soluble  in  excess,  forming  NiCya(KCy)2, 
from  which  hydrochloric  acid  reprecipitates  the  nickel  cyanide — 

NiCya(KCy)a  + 2IICI  = NiCy2  + 2KCI  + 2I-ICy. 
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If  the  solution  of  nickel  cyanide  in  potassium  cyanide  be  heated  with  mercuric 
oxide,  nickel  oxide  is  precipitated;  NiCy2(KCy)2+HgO  = HgCy2(KOy)2  + NiO. 
This  reaction  is  important  in  quantitative  analysis.  ’ Nickel  cyanide  is  remarkable 
for  its  insolubility  even  in  boiling  hydrochloric  acid. 

484.  Cobalt  cyanide,  CoCy2,  is  precipitated  of  a reddish-brown  colour  when 
potassium  cyanide  is  added  to  cobalt  nitrate ; it  dissolves  easily  in  excess  of 
potassium  cyanide,  forming  potassium  cobaltocyanide,  K4(CoCy6),  which  may  be 
obtained  in  red  deliquescent  crystals  by  adding  alcohol.  This  compound  corre- 
sponds to  potassium  ferrocyanide,  K4(FeCy6),  but  is  far  less  stable  ; when  exposed 
to  air,  or  boiled  with  water,  it  undergoes  oxidation,  the  cobaltous  compound 
being  converted  into  a cobaltic  compound,  the  potassium  cobalticyanide — 
2K4(Co"Cy8)  + 0 4-  H20  = 2K3(Oo"'Cy8)  + 2KHO. 

The  potassium  cobalticyanide  is  a pale  yellow  salt,  its  solution  being  nearly 
colourless,  so  that  the  brown  solution  formed  at  first  when  KCy  in  excess  is 
added  to.  a cobalt  salt  gradually  becomes  pale  yellow  when  boiled  in  contact  with 
air.  This  solution,  when  mixed  with  hydrochloric  acid  in  excess,  yields  hydro- 
cob  alticyanic  acid,  H3CoCv8,  which  is  soluble,  forming  a distinction  between  cobalt 
and  nickel.  When  both  metals  are  present,  the  addition  of  HC1  to  the  solution 
in  excess  of  KCy  produces  a yellowish-green  precipitate  of  nickel  cobalticyanide, 
Ni3(CoCy8)2,  which  is  decomposed  by  boiling  with  potash,  the  nickel  being  pre- 
cipitated as  hydrate,  and  the  cobalt  passing  into  solution  as  potassium  cobalti- 
cyanide ; Ni3(CoCy8)2  + 6KHO  = 3Ni(HO)2  + 2K3CoCy8.  The  solution  of  potassium 
cobalticyanide  is  not  decomposed  by  digestion  with  mercuric  oxide  (to  precipitate 
the  nickel),  but  a solution  of  mercurous  nitrate  gives  a white  precipitate  of  mer- 
curous cobalticyanide,  Hg3Co2Cy8,  which  is  converted  into  oxide  of  cobalt  when 
heated  in  air. 

The  potassium  cobalticyanide  may  be  obtained  in  crystals  ; it  is  analogous  to, 
and  isomorphous  with,  the  potassium  ferricyanide,  to  be  presently  described. 
Hydrocob  alticyanic  acid  is  prepared  by  mixing  a strong  solution  of  the  potassium- 
salt  with  sulphuric  acid  and  alcohol,  when  K2S04  is  precipitated,  and  the  solution 
yields  colourless  crystals  of  H8(CoCy8)2.H.,0,  which  is  a very  stable  and  powerful 
acid.  Potassium  cobalticyanide  gives,  with  ferrous  salts,  a white  precipitate  of 
ferrous  cobalticyanide , Fe3(CoCy6)2 ; and  with  cobalt  salts  a red  precipitate  of 
cobaltous  cobalticyanide,  Co"3(Co"'Cy8)2.i4Aq,  which  loses  its  water  at  200°  C.,  and 
becomes  blue. 

485.  Cyanogen  and  iron. — Ferrous  cyanide , Fe(CK).„  or  FeCy0,  is  ob- 
tained (apparently  in  combination  with  some  KCy)  as  a reel-brown 
precipitate,  by  adding  potassium  cyanide  to  a ferrous  salt;  it  dissolves 
when  boiled  with  an  excess  of  the  cyanide,  and  the  solution,  when  evapo- 
rated, deposits  yellow  crystals  of  potassium  ferrocyanide — 

FeCy2  + 4KCy  = K4FeCy6. 

This  might  be  regarded  as  4KCy.FeCy2,  but  the  iron  cannot  be  detected 
by  any  of  the  tests  for  that  metal ; thus,  ammonium  sulphide,  which 
produces  a black  precipitate  in  ferrous  salts,  does  not  change  the  ferrocy- 
anide; moreover,  the  Iv4  may  be  exchanged  for  hydrogen  or  for  other 
metals  without  affecting  the  iron  and  cyanogen,  leading  to  the  conclu- 
sion that  the  group  FeCyG  contains  the  iron  in  a state  of  intimate 
association  with  the  cyanogen,  so  that  its  ordinary  properties  are  lost. 
Again,  the  ferrocyanide  is  not  poisonous,  so  that  it  cannot  be  believed 
to  contain  potassium  cyanide. 

Hydric  ferrocyanide , or  hydroferrocyanic  acid,  II4FeCyG,  is  prepared 
by  mixing  a cold  saturated  solution  of  potassium  ferrocyanide  with  an 
equal  volume  of  strong  hydrochloric  acid.  It  forms  a white  crystalline 
precipitate,  soluble  in  water,  but  not  in  II Cl.  If  it  be  drained,  dissolved 
in  alcohol,  and  ether  added,  it  may  be  obtained  in  large  crystals.  It  is 
a strong  acid.  When  exposed  to  air,  it  absorbs  oxygen,  and  evolves 
hydrocyanic  acid,  leaving  a residue  of  Prussian  blue,  or  ferric  ferrocy- 
anide, Fe4(FeCyG)3.  The  acid  is  decomposed  by  boiling  its  solution,  into 
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hydrocyanic  acid  and  ferrous  feirocyanide,  Fe2(FeCy6),  which  is  white, 
but  becomes  blue  when  exposed  to  air — 

3H4FeCyG  = mHCy  + Fe2(FeCyG). 

These  changes  are  applied  to  produce  blue  patterns  in  calico-printing. 

Hydroferrocyanic  acid  is  tetrabcisic,  its  four  atoms  of  hydrogen  ad- 
mitting of  replacement  by  a metal  to  form  a ferrocyanide.  The  group 
FeCyG,  ferrocycmogen,  Fey  or  Cfy,  is  a tetrad  group,  consisting  of  ferrous 
iron,  which  is  diad,  Fe",  and  six  monad  cyanogen  groups,  (CN)',  leaving 
four  vacant  bonds. 

Prussian  blue,  or  ferric  ferrocyanide,  Fe'"4Fcyiv3,  is  prepared  by  adding 
potassium  ferrocyanide  to  a solution  of  ferric  chloride,  or  ferric  sulphate ; 
2Fe2Cl6  + 3K4Fcy  = Fe4Fcy3  + 12KCI.  When  washed  and  dried,  it  is  a 
dark-blue  amorphous  body,  which  assumes  a coppery  lustre  when  rubbed. 
It  cannot  be  obtained  perfectly  free  from  water,  always  retaining  about 
20  per  cent.  (Fe4Fcy3  + i2Aq).  On  heating,  the  water  decomposes  it, 
hydrocyanic  acid  and  ammonia  being  evolved,  and  ferric  oxide  left.  The 
water  appears  essential  to  the  blue  colour,  for  strong  sulphuric  acid 
converts  it  into  a white  powder,  becoming  blue  again  on  adding  water. 
Strong  hydrochloric  acid  dissolves  Prussian  blue,  forming  a brown  solu- 
tion, which  gives  a blue  precipitate  with  water.  Oxalic  acid  dissolves  it 
to  a blue  solution,  used  as  an  ink.  Some  ammonium  salts,  such  as  acetate 
and  tartrate,  also  dissolve  it.  Alkalies  destroy  the  blue  colour,  leaving 
ferric  hydrate  and  a solution  of  an  alkaline  ferrocyanide — 

Fe4Fcy3  + 12KIIO  = 2Fe2(H0)G  + 3K4Fcy. 

This  is  turned  to  account,  in  calico-printing,  for  producing  a buff  ox- 
white  pattei-n  upon  a blue  ground.  The  stuff  having  been  dyed  blue 
by  passing,  first  through  solution  of  a fei-i-ic  salt,  and  afterwards  through 
potassium  ferrocyanide,  the  pattern  is  discharged  by  an  alkali,  which 
leaves  the  brown  feri-ic  hydrate  capable  of  being  removed  by  a dilute 
acid,  w hen  the  stuff  has  beeix  l-insed,  so  as  to  leave  the  design  white. 
Prussian  blue  is  present  in  lax-ge  quantity  in  many  black  silks,  and  may 
be  extracted  by  heating  with  hydrochloiic  acid,  and  precipitating  the 
brown  solutioix  with  water. 


Soluble  Prussian  blue,  or  potassio  ferric  ferrocyanide,  K2Fe"'2(Fcy)iT2,  is  formed 
when  solution  of  ferric  chloride  or  sulphate  is  poured  into  potassium  ferrocyanide, 
so  that  the  latter  may  be  present  in  excess  during  the  reaction ; Fe2ClG  + 2K4Fcy= 
K„f  e2Fcy2  + 6KC1.  This  blue  is  insoluble  in  the  liquid  containing  saline  matter, 
but  dissolves  as  soon  as  the  latter  has  been  removed  by  washing.  The  addition 
of  an  acid  or  a salt  reprecipitates  it.  By  decomposing  soluble  Prussian  blue  with 
ferrous  sulphate,  a blue  precipitate  of  f erroso-f err  ic  ferrocyanide,  Fe"Fe"'2Fcy„,  is 
obtained,  which  is  erroneously  called  Turnbull’s  blue  ( ferrous  f err  icy  anide). 

1 otassio  ferrous  ferrocyanide,  K2Fe"Fcy,  is  obtained  as  a white  precipitate  when 
a solution  of  a ferrous  salt  quite  free  from  ferric  salt  is  added  to  potassium  ferro- 
cyanide quite  free  from  ferricyanide ; FeS04  + K4Fcy=K2S04  + K2FeFcy.  The 
ferrous  solution  may  be  prepared  by  placing  some  iron  filings  in  a stoppered 
bottle  and  filling  it  up  with  a strong  solution  of  sulphurous  acid;  after  a few 
minutes,  the  solution  of  ferrous  hyposulphite  (p.  212)  is  poured  (through  a filter, 
if  necessary)  into  a weak  freshly  prepared  solution  of  potassium  ferrocyanide. 
The  precipitate  is  snow-white,  and  remains  so  for  some  time  at  the  bottom  of  the 
^ be  exposed  to  air,  it  eagerly  absorbs  oxygen  and  becomes  blue  - 
6K2FeFcy  + 03=3K4Fcy  + Fe4Fcy3  + Fe203.  Oxidising  agents,  such  as  chlorine- 
water  and  nitric  acid,  change  it  at  once  into  Prussian  blue.  When  potassium 
ferrocyanide  is  added  to  ordinary  ferrous  sulphate,  a light-blue  precipitate  is 
obtained,  which  is  a mixture  of  K2FeFcy  with  Prussian  blue  formed  from  the 
ferric  sulphate  present  in  the  ordinary  salt.  In  making  the  Prussian  blue  of 
commerce,  this  precipitate  is  oxidised  by  solution  of  chloride  of  lime  (n  160I  and 
afterwards  washed  with  dilute  HC1  to  remove  Fe„03.  u ’ 
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Calcium  chloride  gives,  with  potassium  ferrocyanide,  a white  crystalline 
precipitate  of  potassio-calcium  ferrocyanide,  K,CaFcy,  which  is  insoluble  in  acetic 
acid  but  dissolves  in  HC1,  and  is  reprecipitated  by  ammonia.  Potassio-banum 
ferrocyanide,  K.,BaFcy.3Aq,  is  precipitated  in  a similar  way.  Manganese  ferro- 
cyanide  Mn  Fcv,  is  a white  precipitate.  Zinc  ferrocyanide,  Zn2lcy,  is  also  a 
white  precipitate.  When  potassium  ferrocyanide  is  added  to  a zinc-salt  mixed 
with  excess  of  ammonia,  a white  crystalline  precipitate  of  ammomo-zme  ferro- 
cyanide is  obtained.  Nichel  ferrocyanide,  Ni„Fcy,  is  a pale  Sr een  Pr®^ip^  ' 
Cobalt  ferrocyanide,  Co.Jcy,  forms  a pale  blue-green  precipitate,  Uramcjaro 
evanide  U Fey.,  (?),  is  a rich  brown-red  precipitate.  Cupric  ferrocyanide,  Cu^Fcy, 
is  also  obtained  as  a brown-red  precipitate  by  adding  potassium  ferrocyanide 
cupric  sulphate  ; it  forms  the  colour  known  as  Hatchett's  brown.  Its  formation  is 
a delicatePtest  for  copper,  a very  dilute  solution  giving  a pink  colour  with  the 

^Siloer^rrocyanide,  Ag4Fcy,  is  obtained  as  a white  precipitate  from  silver 
nitrate  and  potassium  ferrocyanide  ; it  is  insoluble  in  dilute  nitric  acid  like 
silver  chloride,  but  it  is  also  insoluble  in  ammonia,  which  is  the  case  with  few 
silver  salts.  When  boiled  with  nitric  acid,  it  is  converted  into  the  red-brown  siteer 
trricvmide  which  is  soluble  in  ammonia.  When  silver  ferrocyanide  is  boiled 
with  ammonia,  it  deposits  metallic  silver  and  ferric  oxide,  leaving  silver  cyanide 
and  ammonium  cyanide  in  solution  n 

2Ag4FeCy8  + 6NHS  + 3H20  = Ag2  + Fe203  + 6AgCy  + 6NH4Cy. 

A similar  change  takes  place  on  boiling  with  potash,  the  precipitate  becoming 

bla^k:,.;,  cvanide  Fe„Cy „ is  very  unstable.  When  KCy  is  added  to  ferric  chloride, 
the^ so\iRion?lsoon  beemnes  turbid,  depositing  ferric  hydrate  and  evolving  HCy  ; 
Fe,Cy6  + 6H20=Fe2(H0)8  + 6HCy.  . 7 

Potassium  ferricyanicle,  or  ferrideyamde,  or  red  prussiate  of  potas  i, 
Fe„Cyu.6KCy,  or  (K3Cy6Fe"%  or  (KCN)3.(CN)3Fe",2(CN)3(KCN)3.  . 

is  prepared  by  the  action  of  chlorine  upon  potassium  ferrocyanide , 
2K  W'Cy  + CL=  (K,Fe'"Cy,)1+  2KOI.  Chlorine  is  passed  into 
the*  solution  of  ferrocyanide  until  a little  of  the  solution  tested  with 
ferric  chloride  no  longer  gives  a blue  precipitate.  On  the  small  scale, 
chlorine-water  may  be  added  to  the  ferrocyanide.  The  yellow  colour 
is  changed  to  greenish-yellow,  and  the  solution,  when  evaporated  and 
cooled,  deposits  dark  red  prisms  of  the  ferricyamde.  It  is  very  soluble 
in  water  yielding  a dark  yellowisli-green  solution,  but  is  neaily  1 - 
soluble  in  alcohol.  The  aqueous  solution  is  slowly  decomposed  by 
exposure  to  light,  depositing  a blue  precipitate,  and  becoming  pai  y 
converted  into  ferrocyanide.  If  the  solution  he  maed  with  acetac  ac:  id, 

by  potash,  "?>  Such  a 

solution^converts  chromic  oxide  into  potassium  chromate,  and  bleaches 
indio-o  whence  it  is  used  as  a discharge  in  calico-printing,  for  w 1 
^frn"  indigo  ground.  Potassium  ferricyanide  is  also  reduced 

to  ferrocyanide  when  boiled  with  potassium  cyanide- 

— v + 2KCN  + 2H20  = 2k4Fe  Cy6  + HCN  t NH3  + C 2 


composing  lead  *emcyamde  Its  solution  is  decom- 

^r^o^wlth^ciutiJ 

Hydroferricyanic  acid  is  hexabasic,  the  six  ato  . °S  ferridcyanogen, 

metals  to  form  ferricyanides.  The  group  l^of  teiad  (ferric),  Fe'",  and 

Fdcy  or  Cfdy,  is  a herald  group  consisting  of  two . ato™  of  tna^l^ 

ScyanTd"Sm1yTo™ga?S°aSs  obtaining  two  groups  of  K.O.N,  linked  together 
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by  ferric  cyanide,  Fe2Cycl  whilst  the  ferrocyanide  contains  two  groups  of  K0C„N., 
linked  together  by  ferrous  cyanide,  FeCy2. 

Ferrous  ferricyanide,  or  Turnbull’s  blue,  Fe,'3Fe"'2Cy12. — Whilst  potassium  ferro- 
cyanide gives  a light  blue  precipitate  with  common  ferrous  sulphate,  the  ferri- 
cyanide gives  a dark  blue  precipitate  resembling  Prussian  blue.  This  contains 
the  same  proportions  of  iron  and  cyanogen  as  the  ferroso-ferric  ferrocyanide, 
Fe"Fe"'2(Fe"Cy6)2,  and  it  is  sometimes  regarded  as  identical  with  it,  on  the  suppo- 
sition that  the  ferrous  sulphate  reduces  the  ferricyanide  to  ferrocyanide.  Ferric 
salts  give  no  precipitate  with  the  ferricyanide,  but  only  a dark  brown  solution, 
probably  containing  ferric  ferricyanide,  which  yields  a blue  precipitate  of  ferrous 
ferricyanide  with  reducing  agents  such  as  sulphurous  acid,  and  is  used  as  a test. 

Lead  ferricyanide,  Pb3Fe2Cy12.i6Aq,  is  deposited  in  red-brown  crystals  on  mixing 
strong  solutions  of  lead  nitrate  and  potassium  ferricyanide.  Silver  ferricyanide, 
Ag,.F(!2C}-12,  has  been  already  mentioned  as  a red-brown  precipitate  formed  by 
boiling  the  ferrocyanide  with  dilute  nitric  acid.  Cold  potash  converts  it  into 
black  Ag20  and  potassium  ferricyanide  ; on  boiling,  the  black  changes  to  pink  ; 
3Ag20  t KBFe2Cy12 = 6AgCy  + 6KCy + F e203.  The  pink  precipitate  is  a compound 
of  AgCy  with  silver  ferricyanide,  which  may  also  be  obtained  by  boiling  silver 
ferricyanide  with  silver  oxide  ; Ag6Fe?Cy12  + 3 Ag20  = Fe.,03  -f  1 2 AgCy,  which  com- 
bines with  undecomposed  silver  ferricyanide.  On  continuing  to  boil  the  silver 
ferricyanide  with  potash,  the  pink  precipitate  again  becomes  black,  for  the  potas- 
sium cyanide  reduces  the  silver  ferricyanide  to  ferrocyanide,  which  is  ultimately 
decomposed  by  the  silver  oxide,  with  separation  of  metallic  silver — 

(1 ) 2 AgsFe2Cy12  + 4KCN  + 4H20  = 3 Ag4FeCyu  + K4FeCy6  + 2HCN  + 2CO.,  + 2NH.S ; 

(2)  4Ag4F eCy6  + 2Ag20  = Ag6Fe2Cy12  + 1 2 AgCy  + 2FeO  + Ag2. 

In  the  preparation  of  potassium  ferricyanide,  if  an  excess  of  chlorine  be  em- 
ployed, the  liquid,  when  evaporated,  deposits  a precipitate  of  Prussian  yreen, 
which  appears  to  be  a compound  of  ferric  ferrocyanide  and  ferricyanide, 

2Fe4Fcy3.  F e2F  dcy, 

for,  when  boiled  with  potash,  it  yields  5 molecules  of  ferric  hydrate,  Feo(H0),., 
3 molecules  of  potassium  ferrocyanide,  and  1 molecule  of  potassium*  ferri- 
cyanide. 

486.  Nitroprussides.  — When  potassium  ferricyanide  is  acted  on 
by  a mixture  of  sodium  nitrite  and  acetic  acid,  it  is  converted  into 
potassium  nitroprusside,  K4Fe2Cyl0(NO)2,  probably  according  to  the 
equation — 

K6Fe2Cy12  + 4HNO,  = K4Fe2Cy10(NO)2  + 2HCy  + H.,0  + KN03  + KN02. 

If  mercuric  chloride  be  .added  to  the  solution,  mercuric  cyanide  crystal- 
lises out,  and,  on  further’  evaporation,  red  prisms  of  sodium  nitro- 
prusside are  deposited — 

K„Fe2Cy,2  + 4NaN02  + 2 HA  + HgCl2  = 

Xa4Fe2Cy10(NO)2  + HgCy2  + 2KCI  + 2KA  + KN02  + KNOs  + H20. 

& odium  nitroprusside , Na4Fe2CyI0(NO)2.4Aq,  is  prepared  by  a process 
founded  upon  the  above  reactions  (Hadow).  332  grains  of  potassium 
ferricyanide  are  dissolved  in  half  a pint  of  boiling  water,  and  800  grains 
of  acetic  acid  are  added.  Into  this  hot  solution  is  poured  a cold  solu- 
tion containing  80  grains  of  sodium  nitrite  and  164  grains  of  mercuric 
chloride  in  half  a pint  of  water.  The  solution  is  kept  at  6o°  C.  for 
some  hours,  until  a little  no  longer  gives  a blue  coloration  with  ferrous 
sulphate  (a  little  more  sodium  nitrite  and  acetic  acid  may  be  added  if 
necessary).  Tire  mixture  is  then  boiled  down  till  it  solidifies  to  a thick 
paste  on  cooling  • this  is  squeezed  in  linen  to  drain  off  the  solution  of 
potassium  acetate ; the  mass  is  dissolved  in  boiling  water,  and  allowed 
to  cool,  when  most  of  the  mercuric  cyanide  crystallises  out.  On  con- 
centrating the  red  filtrate,  and  cooling,  crystals  of  sodium  nitroprusside 
are  obtained,  and  may  be  purified  by  recrystallisation. 

Sodium  nitroprusside  was  originally  prepared  by  boiling  ferrocyanide 
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with  nitric  acid  (Playfair).  Potassium  ferrocyanide,  in  powder,  is- 
clissolved  in  twice  its  weight  of  strong  nitric  acid  (1.42)  mixed  with  an 
equal  volume  of  water  ; effervescence  takes  place,  from  escape  of  C02 
and  1ST,  and  the  odours  of  cyanogen,  hydrocyanic  acid,  and  cyanic  acid 
may  be  distinguished.  When  the  salt  has  dissolved,  the  solution  is 
heated  on  a steam-batlq,  till  it  no  longer  gives  a blue  with  ferrous 
sulphate.  It  is  then  allowed  to  cool,  when  KN 03  crystallises  out,  and 
the  solution  is  boiled  with  excess  of  sodium  carbonate  and  filtered ; the 
filtrate,  when  evaporated,  deposits  crystals  of  nitroprusside. 

Sodium  nitroprusside  is  very  soluble  in  water  ; the  solution  deposits  a 
blue  precipitate  when  exposed  to  light.  WThen  its  solution  is  rendered 
alkaline  by  soda,  and  boiled,  the  jSTO  group  exerts  a reducing  action, 
ferrous  hydrate  being  precipitated,  and  sodium  ferrocyanide  and  nitrite 
remaining  in  solution.  Alkaline  sulphides  have  also  a reducing  eltect 
upon  the  solution,  producing  a fugitive  violet-blue  colour,  even  in  very 
weak  solutions,  rendering  sodium  nitroprusside  a most  delicate  test  foi 
sulphur  in  organic  compounds,  which  yield  sodium  sulphide  when  fused 
with  sodium  carbonate.  The  sulphur  in  an  inch  of  human  hair  may  be 
detected  by  this  test.  The  higher  (yellow)  alkaline  sulphides  should 
be  reduced  by  warming  with  potassium  cyanide  solution.  Alcoholic 
solutions  of  nitroprusside  and  sulphide  of  sodium  yield  a purple  oily 
compound  soon  decomposing  into  ammonia  and  several  cyanogen  com- 
pounds. . . ~ 

With  silver  nitrate,  sodium  nitroprusside  gives  a buff  precipitate  of 
silver  nitroprusside,  AgJFe.Cy  (NO)„  and  by  decomposing  this  with 
hydrochloric  acid,  the  hydi'onitvopvussic  ctcid , H4Fe2Cy1p(lsO)2,  umy  ^ 3e 
obtained,  by  evaporation  in  vacuo , in  red  deliquescent  prisms  containing 
a molecule  of  water.  It  is  very  unstable. 

Potassium  nitroprusside  may  be  obtained  by  adding  potassium  cyanide 
to  ferrous  sulphate,  and  heating  the  brown  precipitate  with  potassium 
nitrite  solution — 


(1)  5KCy  + 2FeS04  = KFe"2Cy5  + 2K2S04 ; 

(2)  2KFe"2Cy5  + 2KN0.2  = K4Fe"'2Cy10(NO)2  + 2FeO. 

The  relation  between  the  ferrocyanide,  ferricyanide,  and  nitroprusside 
may  be  exhibited  by  writing  the  formulae  thus — 

Potassium  ferrocyanide  . • • (KCy)2CyFe"Cy(KCy)2 

ferricyanide  . • • (KCy)3Cy3Fe  ;>Cy3(KCy)3 

,,  nitroprusside*  . • • (KCy).JCy3Fe"'(NO)2Fe  Cy3(KCy)2  . 

487.  Chromic  cyanide , Cr2Cy8,  is  a pale  green  precipitate  produced  by  KCy  with 
chrome  alum  ; heated  with  excess  of  KCy,  it  yields  potassium  chromicyanider 
K Cr„Cv,„,  which  may  be  obtained  in  yellow  prisms.  . .,  , , 

^Manganous  cyanide,  MnCy2,  is  probably  contained  in  the.f;ey;s^urlefs^olu- 
KCv  in  mangaiious  acetate;  an  excess  of  KCy  dissolves  it  to  a colourless  solii 
t ion  from  which  alcohol  separates  blue  crystals  of  potassium  um^anocyanu  c 
K MnCv  lAci  isomorphous  with  the  ferrocyanide.  When  exposed  to  an,  the 
solution6 of  the  manganocyanide  absorbs  oxygen,  and  deposits  red  prisms  of 
potassium  mancjanicyanide,  K6Mn2Cy12,  isomorphous  with  the  ferncyanide. 

1 Cuprous  cyanide,  Cu 2Cy2,  is  obtained  as  a white.  Precipitate  by  boitag^ ^upnc 
sulnhate  with  KCy,  when  cupric  cyanide , CuCy2,  is  fiist  formed  as  1 

cipitate,  which  evolves  cyanogen  when  boiled  Cuprous 

KCy,  and  the  solution  yields  colourless  crystals  of  potassium  cupro  cyamae, 


* Muller  has  obtained  a salt  having  the  coxi^osition  K3Fe.C0.Cy^  the  h, 

carboni/l-ferrocyanogen,  Fe.CO.Cy,  corresponds  tohalfteradical  of  the  ni  i^.ruB  • 
Fea(NO)2Cy10,  with  CO  in  place  of  NO,  but  the  new  salt  appeals  to  De  a 
pound. 
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ILjCu'-Cy.,  which  gives  a precipitate  of  plumbic  cupro-ci/anide,  PbCu2Cy4,  with  lead 
acetate.  By  decomposing  the  lead  salt  with  H.,S,  a solution  of  the  corresponding 
acid,  H„Gn.,Cy1,  is  obtained,  but  this  soon  decomposes  into  2HCy  and  Ou2Cy2. 

488.  Stimer  cyanide,  AgCy,  is  obtained  as  a white  precipitate  when  hydrocyanic 
acid  or  a cyanide  is  added  to  silver  nitrate.  Its  insolubility  in  water  renders  its 
formation  a very  delicate  test  for  HCy  (in  the  absence  of  other  acids  forming 
insoluble  silver  salts)  and  an  accurate  method  of  estimating  its  quantity. 

Silver  cyanide  is  not  altered  by  sun-light  like  silver  chloride,  and  is  dissolved 
when  boiled  with  strong  nitric  acid,  which  does  not  dissolve  the  chloride.  The 
nitric  solution,  when  cooled,  deposits  flocculent  masses  of  minute  needles  of  the 
composition  AgCy.2AgN03.  Even  in  the  cold,  strong  nitric  acid  partly  decom- 
poses the  cyanide,  evolving  HCy,  and  after  some  hours  a large  quantity  of  it 
becomes  converted  into  the  above  salt.  The  same  salt  is  obtained  by  dissolving 
silver  cyanide  in  a boiling  strong  solution  of  silver  nitrate  ; it  is  decomposed  by 
water,  the  cyanide  of  silver  being  left  undissolved.  It  detonates  when  heated. 

Silver  cyanide,  when  heated,  fuses,  evolves  cyanogen,  and  leaves  a residue  of 
silver  mixed  with  silver par acy anule,  AgC3N3.  Silver  cyanide  dissolves  in  ammonia 
like  the  chloride,  but  the  latter  is  deposited  in  microscopic  octahedra,  while  the 
cyanide  forms  distinct  needles ; a mass  of  silver  cyanide,  moistened  with  ammonia 
and  warmed,  becomes  converted  into  needles.  Similar  needles  are  obtained  by 
boiling  silver  cyanide  with  very  strong  solutions  of  the  carbonates  of  potassium  and 
sodium,  which  dissolve  the  cyanide  sparingly  and  deposit  it  in  prismatic  crystals 
on  cooling.  Potassium  hydrate  does  not  decompose  silver  cyanide.  Potassium 
cyanide  readily  dissolves  silver  cyanide,  forming  KAgCy.,,  which  may  be  crystallised 
in  six-sided  tables.  It  is  used  in  electro-plating. 

Mercuric  cyanide,  HgCy„,  is  prepared  by  dissolving  precipitated  mercuric  oxide 
in  excess  of  solution  of  hydrocyanic  acid,  and  evaporating,  when  the  cyanide  is 
deposited  in  four-sided  prisms,  which  dissolve  in  eight  parts  of  cold  water,  and 
are  insoluble  in  alcohol.  The  action  of  heat  upon  it  has  been  mentioned  at 
p.  604.  It  is  one  of  the  most  stable  of  the  cyanides,  scarcely  allowing  the 
cyanogen  to  be  detected  by  the  ordinary  tests.  Dilute  sulphuric  and  nitric  acids 
do  not  decompose  it,  but  hydrochloric  acid  liberates  HCy.  Potash  and  ammonia 
do  not  precipitate  its  solution. 

Mercuric  cyanide  dissolves  mercuric  oxide  when  boiled,  giving  an  alkaline 
solution,  which  deposits  needles  of  mercuric  oxycyanide,  Hg2OCy2.  When  solutions 
of  mercuric  cyanide  and  silver  nitrate  are  mixed,  the  solution  becomes  acid,  and, 
on  stirring,  deposits  fine  needles  containing  Ag.Hg.N03.Cy2.2Aq.  The  acid 
reaction  of  the  solution  proves  that  some  of  the  mercuric  cyanide  has  become 
■converted  into  mercuric  nitrate ; the  same  salt  may  be  obtained  by  dissolving 
silver  cyanide  in  mercuric  nitrate.  Neither  mercuric  cyanide  nor  silver  nitrate  is 
precipitated  by  excess  of  ammonia,  but  a mixture  of  the  two  salts  gives  an 
abundant  precipitate,  containing  IlgCy2. 7 AgCy .2 HgO,  which  explodes  when 
heated.  The  crystalline  salt  is  probably  AgCy.CyHgNO3.2Aq,  containing  HgCy.„ 
in  which  Cy  is  replaced  by  NO;i.  Other  crystalline  compounds  of  the  same  kind 
are  formed  by  HgCy2 ; such  as  NaCy.CyHgCl  and  KCy.CyHgl.  A potassio-mercuric 
cyanide,  KCy.CyHgCy.CyK,  may  be  obtained  in  fine  crystals,  which  may  be 
decomposed  by  mercuric  chloride,  yielding  HgCl2.HgCy2  or  Hg"Cy'Cl'. 

Mercuric  cyanide  was  originally  prepared  by  Scheele,  when  he  discovered  that 
prussic  acid  could  be  prepared  from  Prussian  blue.  This  was  boiled  with  mercuric 
oxide  and  water  till  the  blue  colour  had  disappeared;  Fe4(Cy6Fe)3  + 9HgO=: 
9HgCy2+ 2Fe203+ 3FeO.  The  filtered  solution  was  mixed  with  sulphuric  acid, 
shaken  with  iron  filings,  which  precipitated  the  mei'cury,  and  distilled  to  obtain 
hydrocyanic  acid ; HgCy2  + H2S04  + Fe  = 2HCy  + FeS04  + Hg. 

Mercuric  cyanide  may  be  directly  obtained  from  potassium  ferrocyanide  by 
boiling  it  with  mercuric  sulphate  (2  parts)  and  water  (8  parts) — 

2K4FeCy„  + 7HgSO,  = 6HgCy2  + 4K2S04  + Fe2(S04)3  + Hg. 

The  mercurous  cyanide  is  not  known*;  when  mercurous  nitrate  is  decomposed 
by  potassium  cyanide,  a solution  of  mercuric  cyanide  is  formed,  and  metallic 
mercury  is  precipitated  ; Hg2(N03).,  + 2KCy=HgCy2  + Hg-|-2KN03. 

Gold  cyanides. — When  gold-leaf  is  boiled  with  potassium  cyanide  in  contact 
with  air,  a solution  of  potassium  aurocyanide  is  obtained ; Au2  + 4KCy  + O + H20  = 
2KAu'Cy2  + 2KTIO.  To  prepare  it  in  larger  quantity,  7 parts  of  gold  are  dissolved 
in  a mixture  of  hydrochloric  acid  with  one-fourth  its  volume  of  nitric  acid,  and 
the  solution  precipitated  by  ammonia ; the  fulminating  gold  so  obtained  is  washed, 
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and  dissolved  in  tot  water  containing  6 parts  of  pure  potassium  cyanide.  The 
filtered  solution  deposits  colourless  crystals  of  the  aurocyanide,  which  are  very 
soluble  in  hot  water. 

Aurous  cyanide,  AuCy,  is  obtained  as  a crystalline  precipitate  by  adding  HC1  to 
solution  of  the  aurocyanide  of  potassium. 

Potassium  auricyanule,  KAu'"Cy4,  is  prepared  by  mixing  hot  strong  solutions 
of  gold  trichloride  and  potassium  cyanide.  It  forms  colourless  tables,  which 
contain  a molecule  of  water.  By  decomposing  it  with  silver  nitrate,  a precipitate 
of  silver  auricyanide,  AgAuCy4,  is  obtained,  and  if  this  be  treated  with  HClr 
avoiding  excess,  the  silver  is  precipitated  as  AgCl,  and  the  solution,  evaporated 
in  vacuo,  yields  crystals  of  auric  cyanide,  AuCy3.3Aq. 

Both  aurocyanide  and  auricyanide  of  potassium  are  used  in  electro-gilding. 

489.  Platinum  cyanides. — The  cyanides  of  platinum  have  not  been  prepared  in 
a pure  state,  but  the  salts  known  as  platinocyanides  exceed  the  ferrocyanides  hi 
the  force  with  which  they  retain  the  platinum  disguised  to  the  ordinary  tests  for 
it.  When  potassium  cyanide  is  strongly  heated  on  platinum  foil,  the  metal  is. 
attacked,  and  an  orange-coloured  mass  is  produced.  Spongy  platinum  is  slowly 
dissolved  by  a boiling  solution  of  potassium  cyanide,  and  if  mixed  with  the  solid 
cyanide,  and  heated  to  6oo°  C.  in  steam,  the  potassium  'platinocyanide  is  formed; 
Bt  + 4KCy+2H.,0  = K2Pt"Cy4  + 2KH0  + H2.  The  platinocyanide  may  also  be  . 
obtained  by  strongly  heating  a mixture  of  spongy  platinum  with  potassium 
cyanide  or  ferrocyanide,  and  extracting  the  mass  with  water. 

When  solutions  of  potassium  cyanide  and  platinic  chloride  are  boiled  together 
till  colourless,  the  platinocyanide  is  found  in  solution — 

PtCl4  + 6KCN  + 4H20  = K,Pt(CN)4  + 4KCI  + 2NH3  + H2C204. 

Or  the  ammonio-platinic  chloride  may  be  boiled  with  potash  and  a strong  solution 
of  potassium  cyanide  until  no  more  ammonia  is  evolved. 

Potassium  platinocyanide  is  also  prepared  by  dissolving  platinous  chloride  in 
solution  of  potassium  cyanide ; PtCl2  + 4KCy  = K2PtCy4  + 2KCI.  It  crystallises 
in  prisms  containing  qAq,  which  are  yellow  by  transmitted  light,  and  reflect  a 
blue  colour.  They  are  very  soluble  in  water.  The  solution  is  colourless,  and 
gives  a characteristic  blue  precipitate  with  mercurous  nitrate.  Cupric  sulphate 
also  gives  a blue  precipitate,  and  if  this  be  suspended  in  water  and  decomposed 
by  hydric  sulphide,  it  yields  a solution  of  liydroplatinocyanic  acid,  H2PtCy4 ; by 
evaporating  this,  and  crystallising  the  residue  from  ether,  the  acid  is  obtained 
in  red  prisms  with  a blue  reflection,  containing  5 Aq,  and  dissolved  without  colour 
by  alcohol. 

Barium  platinocyanide,  BaPtCy4.4Aq,  is  prepared  by  decomposing  the  cupric 
salt  with  baryta.  It  is  dichroic,  being  green  when  looked  at  along  the  primary 
axis  of  the  crystal,  and  yellow  across  it. 

Magnesium  platinocyanide,  MgPtCy4.7Aq,  obtained  by  decomposing  the  barium 
salt  with  magnesium  sulphate,  crystallises  in  large  prisms,  which  are  deep  red  by 
transmitted  light,  but  when  viewed  by  reflected  light,  the  sides  of  the  prisms 
exhibit  a brilliant  beetle-green,  and  the  ends  a deep  blue  or  purple  colour.  When 
the  red  salt  is  gently  warmed,  even  under  water,  it  becomes  bright  yellow,  from 
production  of  MgPtCy4.6Aq,  which  may  be  obtained  in  crystals  from  the  solution 
at  710  C.  Heated  to  100°  C.,  the  yellow  salt  becomes  white  MgPtCy4.2Aq,  and  at 
about  180°  C.  it  again  becomes  yellow,  and  is  then  anhydrous.  If  a little  of  the 
yellow  anhydrous  salt  be  placed  on  the  powdered  red  salt  with  7Aq,  it  abstracts 
water  from  it,  and  converts  it  into  the  yellow  salt  with  6Aq,  while  it  is  itself 
changed  to  the  white  salt  with  2Aq,  so  that  a white  layer  is  formed  between  two 
yellow  layers.  The  yellow  salt  may  also  be  obtained  by  crystallisation  from 
alcohol. 

When  the  platinocyanides  are  acted  on,  in  solution,  by  oxidising  agents,  such 
as  chlorine,  bromine,  and  nitric  acid,  new  salts  are  formed,  which  have  a coppery 
lustre,  and  act  as  oxidising  agents  in  alkaline  solutions,  like  the  ferricyanides. 
These  were  formerly  called  platinicyanides,  but  were  shown  by  Hadow  to  contain 
chloro-,  brorno-,  & c.,  platinocyanides.  When  chlorine  is  passed  into  a hot  solution 
of  potassium  platinocyanide,  it  deposits,  on  evaporation,  colourless  crystals  of 
the  chloroplatinocyanide,  K2PtCy4Cl2.2Aq.  When  these  are  treated  with  a strong 
solution  of  the  platinocyanide,  they  are  converted  into  copper-red  needles  of 
SK2Pt0y4.K2PtCy4Cl2.3H.,0.i8Aq.  This  compound,  when  boiled  with  potash, 
yields  the  platinocyanide  and  potassium  hypochlorite — 

5K2PtCy4.K2PtCy4Cl2  + 2KHO  = 6K2PtCy4  + KCIO  + KC1  + H20. 


CYANURIC  ACID. 


615 


400.  Chlorides  of  cyanogen. — Liquid  cyanogen  chloride,  CyCl,  is  pre- 
pared by  the  action  of  chlorine  upon  moist  mercuric  cyanide,  in  the 
dark  ; HgCy,  + 2 CL  = HgCl2  + 2CyCl.  On  gently  heating,  the  cyanogen 
chloride  passes  off. in  vapour,  and  may  be  condensed  m a tube  sur- 
rounded with  a freezing  mixture.  It  is  a colourless  liquid,  boiling  at 
1 c°. r C and  yielding  a vapour  which  irritates  the  eyes,  causing  teais. 
When  exposed  to  light,  it  becomes  polymerised  into  the  solid  cyanogen 
chloride,  or  cyanuric  chloride,  Cy8Cl3,  which  fuses  at  145  and  boils  at 
ioo°  C.  This  has  also  an  irritating  effect  on  the  eyes.  It  is  sparingly 
soluble  in  cold  water,  and  is  decomposed  by  boiling  water,  yielding 
cyanuric  acid ; Cy3Cl3  + 3HfO  = Cy3(HO)3  + 3HC1.  Both  the  cyanogen 
chlorides  may  be  obtained  by  the  action  of  chlorine  on  hydrocyanic  acid. 
To  prepare  the  liquid  chloride,  chlorine  is  passed  rapidly  into  water 
containing  20  per  cent,  of  HCy,  in  a flask  cooled  in  a freezing  mixture 
and  connected  with  a reversed  condenser.  The  CyCl  sinks  to  the 
bottom,  and  is  distilled  with  mercuric  oxide  and  calcium  chloride  to 
retain  HCy  and  H20.  The  solid  chloride  is  obtained  by  passing  chlorine 
slowly  into  a solution  of  HCy  in  four  parts  of  ether  cooled  in  a freezing 
mixture  ; it  separates  as  an  oil,  which  afterwards  solidifies.  Cyanuiic 
chloride  may  also  be  prepared  as  follows  : — 17  parts  by  weight  of  diy 
livdrocyanic  acid  are  passed  into  65  parts  of  chloroform  kept  cool  by  ice 
and  salt ; dry  chlorine  is  then  passed  in,  and  continued  for  some  time 
after  the  solution  has  become  yellow.  After  standing  for  twelve  hours, 
the  liquid  is  boiled,  with  a reflux  condenser,  to  expel  HC1,  CNC1,  and 
Cl,  after  which  the  chloroform  is  distilled  off,  leaving  the  cyanuric 
chloride. 

Cyanogen  bromide,  CyBr,  is  obtained  in  crystals,  mixed  with  lx.br, 
when  bromine  is  gradually  added  to  a strong  well-cooled  solution  of 
KCy.  On  gently  heating,  it  sublimes  in  crystals,  which  are  very  vola- 
tile and  cause  tears.  When  heated  in  a sealed  tube,  it  becomes  Cy„Bi3. 

Cyanogen  iodide,  Cyl,  is  prepared  by  dissolving  iodine  in  a warm 
strong  solution  of  KCy,  when  a crystalline  mass  of  KI  and  Cyl  is 
obtained  on  cooling,  from  which  the  Cyl  may  be  extracted  by  gently 
heating  or  by  treatment  with  ether.  It  crystallises  easily  in  colourless 
needles  or  tables,  which  are  sparingly  soluble  in  water,  very  volatile, 
and  have  a tear-exciting  odour.  Cyanogen  iodide  sometimes  occurs  in 
commercial  iodine,  and  may  be  sublimed  from  it  in  a tube  or  flask 
plunged  in  boiling  water. 

When  cyanogen  iodide  is  heated  to  100°  C.,  in  a sealed  tube,  w ith 
alcoholic  ammonia,  it  yields  hydriodide  of  guanidine — 

CNI  + 2NH3  = CN3H5.HI. 

49  x.  Cyanuric  acid,  Cy3(OH)3,  is  obtained  by  heating  urea  till  the 
melted  mass  solidifies  again;  3CO(NH.,)2=  3NH3  + (CN)3(HO)3.  The 
residue  is  washed  with  water,  dissolved  in  potash,  and  the  cyanuric 
acid  precipitated  by  adding  hydrochloric  acid.  A better  yield  is  ob- 
tained by  passing  dry  chlorine  over  urea  kept  in  fusion  by  a gentle 
heat;  3CO(KH2)2  + Cl3  = 2KH4C1  + HC1  + N + (CN)3(HO)3.  The  resi- 
due is  washed  with  cold  water,  and  crystallised  from  hot. water.  Cyan- 
uric acid  crystallises  in  prisms  containing  2Aq.  It  is  insoluble  in 
alcohol.  It  is  a tribasic  acid,  forming  salts  in  which  one,  two,  or  three 
atoms  of  the  hydrogen  are  replaced  by  metal.  Trisodium  cyanurate, 
(CN)3(ONa)3,  is  insoluble  in  hot  solution  of  soda,  and  forms  a crystal- 
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line  precipitate  on  heating  solution  of  cyanuric  acid  mixed  with  excess 
of  soda.  Barium  cyanurate,  Cy303HBa,  is  obtained  as  a crystalline 
precipitate  by  dissolving  cyanuric  acid  in  ammonia,  and  stirring  with 
barium  chloride.  It  has  a great  tendency  to  deposit  on  the  lines  of 
friction  by  the  stirring-rod.  The  most  characteristic  test  for  cyanuric 
acid  is  ammoniacal  cupric  sulphate,  which  gives  a violet  crystalline  pre- 
cipitate containing  Cy6( 0H)4.02.Cu(NH3)2.  Silver  cyanurate , Cy3(OAg)3, 
is  obtained  as  a crystalline  precipitate  by  adding  ammonium  cyanurate 
to  silver  nitrate. 

Cyanic  acid,  CyOIT,  is  prepared  by  distilling  cyanuric  acid  (dried  at 
ioo°  C.),  and  condensing  in  a receiver  surrounded  by  a freezing  mixture  ; 
Cy3(OH)3  = 3CyOH.  The  cyanic  acid  is  a colourless  liquid,  of  sp.  gr.  1.14 
at  o°  C.,  which  smells  rather  like  acetic  acid.  It  cannot  be  kept,  for 
when  the  receiver  is  taken  out  of  the  freezing  mixture,  it  becomes  turbid, 
and  presently  begins  to  boil  explosively,  becoming  entirely  converted  in 
a few  minutes  into  a white  hard  solid,  known  as  cyamelide,  which  ap- 
pears to  be  polymeric  with  cyanic  acid,  and  may  be  reconverted  into  it 
by  distillation.  When  cyanic  acid  is  mixed  with  water,  heat  is  evolved, 
and  the  liquid  becomes  alkaline,  from  production  of  hydro-ammonium 
carbonate;  CN.OH  + 2H„0  = ]STH4.HC03.  A compound  of  HC1  and 
CISTOII  is  obtained  as  a fuming  liquid  by  acting  on  a cyanate  with  dry 
HC1  gas. 

492.  Sulpha  cyanic  acid,  CySH  ( thiocyanic ),  is  obtained  by  decomposing 
mercuric  sulphocyanate  with  hydric  sulphide.  It  is  a colourless  pungent 
liquid,  boiling  below  ioo°  C.,  being  then  decomposed  into  hydrocyanic 
and  persulphocyanic  acids ; 3CySH  = HCy  + Cy2S3H2.  It  mixes  with 
water,  but  the  solution  soon  decomposes — 

3CNSH  + 6H„0  = CS2  + H2S  + NH4HC03  + (NH4),C03. 
Sulphocyanic  acid  and  the  sulphocyanates  give  an  intense  blood-red 
colour  with  ferric  salts,  producing  ferric  sulphocyanate ; the  red  colour 
is  bleached  by  mercuric  chloride,  which  distinguishes  it  from  ferric 
acetate  and  meconate. 

Potassium  sulphocyanate,  or  thiocyanate,  CySK,  is  prepared  by  fusing 
dried  potassium  ferrocyanide  (3  parts),  potassium  carbonate  (1  part),  and 
sulphur  (2  parts),  at  a low  red  heat,  in  a clay  crucible.  The  cooled  mass 
is  extracted  by  hot  water,  evaporated,  and  the  residue  boiled  with  alcohol, 
which  deposits  the  sulphocyanate  on  cooling.  KCy  is  formed  by  the 
reaction  between  the  ferrocyanide  and  the  carbonate  (p.  606),  and  com- 
bines with  the  sulphur.  The  sulphocyanate  may  be  obtained  by  direct 
fusion  of  potassium  cyanide  with  sulphur,  or  by  boiling  sulphur  with 
solution  of  the  cyanide.  Potassium  sulphocyanate  forms  prismatic  crys- 
tals, which  are  deliquescent  and  very  soluble  in  water,  producing  great 
reduction  of  temperature.  It  fuses  easily,  becoming  dark  blue,  and  burns 
when  heated  in  air,  potassium  sulphate  being  produced.  When  hydro- 
chloric acid  is  added  to  a strong  solution  of  potassium  sulphocyanate,  a 
yellow  precipitate  of  persulphocyanic  acid  is  obtained ; this  may  be  crys- 
tallised from  hot  water,  and  yields  a yellow  precipitate  of  lead  persul- 
phocyanate,  PbCy„S3,  with  lead  nitrate.  When  heated  with  sulphuric 
acid  mixed  with  an  equal  volume  of  water,  potassium  sulphocyanate 
yields  carbon  oxysulphide,  an  offensive  gas  which  burns  with  a blue 

flame ; KCNS  + 2H2S04  + H,0  - KHS04  + NH4HS04  + COS. 

Perth  iocyanogen,)  or  pseudosulphocyanogen,  C3H3S3H,  is  obtained  as  a 
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yellow  precipitate  when  potassium  sulpliocyanate  is  heated  with  potassium 
chlorate  and  hydrochloric  acid.  It  is  used  in  dyeing  ( canarin ). 

Sodium  sulphocyanate  occurs  in  saliva.  Ammonium  sulpliocyanate  is 
prepared  by  acting  on  carbon  disulphide  (7  parts  by  weight)  dissolved 
in  alcohol  (30  parts)  with  strong  ammonia  (30  parts).  After  standing 
for  a day  or  two,  with  occasional  shaking,  until  all  the  CS2  has  dissolved, 
the  red  solution  is  distilled  down  to  one-third  of  its  bulk,  when  it  be- 
comes colourless,  filtered  if  necessary,  and  allowed  to  crystallise. 

CS2  + 4NH3  = CNS.NH,  + (NH,)2S. 

It  is  also  made  on  a large  scale  by  boiling  sulphur  with  the  solution 
of  ammonium  cyanide  from  the  gasworks.  It  crystallises  like  the  potas- 
sium salt,  and  is  very  soluble  in  water,  producing  great  cold.  When 
heated,  it  fuses  easily,  and  at  170°  C.  is  metamerised  into  sulpho-urea, 
or  thio-carbamide,  CS(NH2)2,  which  crystallises  easily  from  hot  water, 
and  resembles  urea  in  its  chemical  relations. 

The  action  of  a high  temperature  upon  ammonium  sulpliocyanate  yields  melam, 
(C3N3)2(NH2)4NH;  h^CNS.NHJ^CjHyN,,  + 5H.H + NH,HS.  When  melam  is  boiled 
with  potash,  it  gives  a base,  melamine,  C3NS(NH2)3,  and  potassium  ammelide,  from 
which  acids  precipitate  ammelide,  C3N3.NH2.(OH)2,  which  is  insoluble  in  water, 
alcohol,  and  ether,  and  is  converted  into  potassium  cyanurate  by  boiling  with 
strong  potash  ; C3N3.NH2(0H)2  + 2K0H  = C3N3.0H(0K)2  + NH3+Ho0.  By  boiling 
melamine  with  hydrochloric  acid,  it  is  converted  into  ammeline  hydrochloride; 
C3N3(NH2)3  + 2HCI  + H20  = C3N3(NH2)20H.HC1  + NH4C1. 

The  final  result  of  the  action  of  a high  temperature  upon  ammonium  sulpho- 
cyanate,  persulphocyanic  acid,  perthiocyanogen,  melam,  melamine,  and  ammeline, 
is  a light  yellow  insoluble  body  called  mellone,  (C3N3)3N3,  which  is  gradually  con- 
verted into  cyanuric  acid  by  boiling  nitric  acid.  When  potassium  sulphooyanate 
is  strongly  heated,  out  of  contact  with  air,  it  evolves  CS2,  and  leaves  a residue  of 
K2S  and  potassium  mellonide , KSC8N,3,  which  may  be  obtained  from  hot  water  in 
crystals  with  3Aq.  By  decomposing  this  with  AgNOs,  silver  mellonide,  Ag3C0N13, 
is  precipitated,  and,  when  treated  with  PI,S,  yields  hydromellonic  acid,  H3CflN13, 
which  is  decomposed  by  heat  into  ammonia  and  mellone. 

Lead  sulpliocyanate,  Pb(CyS).,,  forms  a yellow  crystalline  precipitate  when  lead 
acetate  is  stirred  with  potassium  sulphocyanide. 

Silver  sulpliocyanate,  AgCyS,  is  a white  precipitate,  very  insoluble  in  water  and 
in  nitric  acid,  and  sparingly  soluble  in  ammonia. 

Mercuric  sulpliocyanate,  Hg(CyS)2,  is  obtained  as  a crystalline  precipitate  on 
stirring  mercuric  chloride  with  potassium  or  ammonium  sulphooyanate.  It 
attracted  much  notice  formerly  as  the  toy  called  Pharaoh’ s serpent,  which  was  a 
small  cylinder  of  the  sulpliocyanate  mixed  with  gum,  which  burnt  when  kindled, 
evolving  mercury  and  other  vapours,  and  swelling  to  a bulky  vermiform  mass  of 
mellone. 

Cuprous  sulpliocyanate,  Cu2(CyS)2,  precipitated  by  potassium  sulphooyanate 
from  a cuprous  salt,  is  very  insoluble  in  water  and  in  cold  dilute  acids,  so  that 
copper  is  sometimes  precipitated  in  this  form  in  quantitative  analysis. 

493-  Cyanogen  sulphide,  Cy.,S,  is  obtained  by  decomposing  cyanogen  iodide, 
dissolved  in  ether,  with  silver 'sulphocyanate  ; Cyl  + AgCyS  = Cy2S  + Agl.  It  is  a 
crystalline,  fusible,  volatile  solid,  soluble  in  alcohol  and  ether,  but  decomposed 
by  water  ; potash  converts  it  into  cyanate  and  sulphocyanate. 

Phosphorus  tricyanide,  Cy3P,  is  sublimed  in  tabular  crystals  from  a mixture  of 
silver  cyanide  and  phosphorus  trichloride,  heated  in  a sealed  tube  to  140°  C.  for 
some  hours,  and  distilled  in  a current  of  CO„.  It  inflames  at  a very  low  tempera- 
ture, and  is  decomposed  by  water  into  hydrocyanic  and  phosphorous  acids  • 
Cy3P  + 3HOH  = 3CyH  + P(OH)3. 

494.  Cyanides  of  the  alcohol  radicals,  or  nitriles. — Methyl  cyanide,  or 
acetonitrile,  CHS.CN,  is  prepared  by  heating  methyl  iodide  with  potas- 
sium cyanide,  or  by  distilling  potassium  sulphomethylate  with  potassium 
cyanide  ; CHg.S04K  + KCN  = CH3.CN  + KS04K.  It  may  be  obtained 
in  a purer  condition  by  distilling  acetamide  with  an  equal’ bulk  of  P.,0., 
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which  abstracts  the  elements  of  water;  C2H3O.NH2  = GHS.GN  + H20.. 
The  term  nitrile  was  originally  applied  to  the  final  product  of  the  le- 
moval  of  water  fi’om  a salt  of  ammonium,  the  amide  being  the  intei- 
mediate  product ; it  was  afterwards  found  that  the  nitriles  were  identical 
with  the  cyanides  of  alcohol-raclicals.  Cyanogen  itself  is  oxalomtrile,. 
and  may  be  obtained  by  dehydrating  ammonium  oxalate  with  PA  1 
(NH  )„Co04  = (ON),  + 4II.A  Hydrocyanic  acid  is  formonitrile,  derivable 
from  ammonium  formate;  NH4.CHO„  = HCN  4-  2H20. 

Methyl  cyanide  is  a volatile  liquid  of  pleasant  odour,  boiling  at  82  C.  Its 
sp.  st.  is  0.8,  and  it  mixes  with  water  and  alcohol.  The  unsaturated  character  o 
the  cyanogen  group  (C=N)  contained  in  it,  enables  it  to  combine  with  other 
bodies ; thus,  it  unites  with  Br2,  HBr,  and  HI  to  form  crystalline  compomids 
Certain  chlorides  also  combine  with  methyl  cyanide  to  form  crystalline  volatile 
substances  which  are  decomposed  by  water ; such  compounds  are  formed  with 
POL,  SbCl5,  and  SnCl4.  When  methyl  cyanide  is  acted  on  by  sodium,  part  of  it 
is  decomposed  with  violent  evolution  of  methyl  hydride,  and  the  remainder  1 
polymerised  to  form  cyanmethine,  (CH3)3(CN)3,  an  organic  base,  soluble  m water, 
and  having  a very  bitter  taste.  It  forms  prismatic  crystals,  which  may  be  sub- 

llDEy 'the  action  of  atomic  hydrogen  (from  zinc  and  sulphuric  acid),  methyL 
cyanide  is  converted  into  ethylamme ; CH3.Cb  +H4-bH2.C3H5.  When  boile 
with  solution  of  potash,  it  yields  ammonia  and  potassium  acetate— 

CH3.CN  + H.,0  + KOH  = NHS  + CH3.CO.OK. 

This  reaction  is  typical  of  the  behaviour  of  the  alkyl  cyanides  It  exhibits  the 
characteristic  disposition  of  the  nitriles  to  revert  to  the  original  ammonmm  safis 
when  boiled  with  alkalies,  exactly  as  the  amides  do.  It  also  illustrates  the  easy 
convertibility  of  the  CN  group  into  the  CO.OII  group.  Moreover,  it  proves  that 
the  methyl  is  united  to  the  carbon  and  not  to  the  nitrogen  of  the  CN  g™up,  f> 
methyl  cyanide  is  H3EEC-GEEN,  the  two  carbon  atoms  remaining  united  m the 

potassium  acetate,  H3=C — 

Methyl  cyanide  is  present,  in  small  quantity,  in  coal-naphtha,  and  in  the  dis- 

C2H5.CN,  is  obtained  by  methods  corresponding 
toZW  methvl  cyanide.  Ethyl  iodide  is  heated  with  potassium 
cyanide  to  180°  C.  for  some  hours:  The  distilled  product  is  mixed  with  a vseak 

solution  of  calcium  chloride,  when  the  ethyl  cyanide  rises  to  the  surface  and  the 
rndfcomposed iodide  fells  to  the  bottom.  The  cyanide  is  rectified  over  fused 
to  xomove  the  water.  It  resembles  methyl  cyanide,  except  n 
beine-  less  soluble  in  water,  and  in  boiling  at  98°  C.  It  combines  with  HC1  to  toirn 
a sparingly  soluble  crystalline  compound,  which  absorbs  water  from  the  air,  an 
yields  propionic  acid  and  ammonium  chi 011c  e 

CLH..CN.HC1  + 2H,0  = C2H5.C02H  + EH4C1. 

Sodium  acts  on  ethyl  cyanide  in  the  same  way  as  on  methyl  cyanide  ; one  par 
is  decomposed,  with  evolution  of  butane  (di-ethj  ) 

2C.IBCN  + Na„  = C4H10  + 2NaCN. 

The  remainder  is  polymerised  to  cyanethine,  (C2HB)8(CN)3.  To  prepare  this  body, 

Rf  SSsa,  £ ST5 

heated  with  ethyl  iodide,  ir  um ue  > . n «tronalv  alkaline  ammonium 

the  iodide  be  treated  with  silver  hj  > » o ‘ , H ~ • strong  hydrochloric 

base,  ethyl-cyanethonium  hydrorule  N O PI  .g  Jubstituted 

acid  converts  cyan^hine  mto  ano  ) - h oric  chloride  re- 

fnr  m"'H • N C.H,  + HC1+H„U  — J>i2vBn.14w.  1 0* - When 

places  HO  in  this' V Cl,  yielding  an 

this  is  acted  on  ^volatile  basf  withan  unpleasant  smell,  and  very 

The  compound  N-OA*  as  an  oily  natural  base  coniine  from  hemlock 

gT’Sait  be  a secondary  monamine,  NH.CSHI4,  and  the  new 
base  is  probably  cyctnoconiinc , N.CN.CH  14. 
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Ethyl  cyanide,  when  boiled  with  potash,  yields  ammonia  and  potassium 
propionate ; C.,H5.CN  + KOH  + H,0  = NH3  + C.,H5.C00K. 

Ethyl  cyanide  may  be  obtained  by  the  action  of  cyanogen  on  zinc  ethide ; 
2C2N2  + Zn(C2H5)2  = Zn(CN).,+  2(C.,H5.CN). 

The  cyanides  of  most  of  the  other  radicals  of  the  monohydric  alcohols  are 
known,  and  they  are  the  nitriles  corresponding  to  the  acid  containing  one  more 
atom  of  carbon. 

Phenyl  cyanide,  or  benzonitrile,  C,.HS.CN,  also  called  cyanobenzene,  may  be 
prepared  by  distilling  ammonium  benzoate  with  P205,  which  removes  the  elements 
of  water;  C6HS.C02NH4=C6H5.CN  + 2H20.  It  is  also  obtained  when  potassium 
benzene  sulphonate  is  distilled  with  potassium  cyanide  (or  well-dried  ferro- 
cyanide)  ; C(iH5.S03K  + KCN  — C6H5.CN  + K2S03.  It  is  a colourless  liquid  smelling 
of  bitter  almonds;  sp.  gr.  1.023,  boiling  at  191°  C.  When  boiled  with  acids  or 
alkalies,  it  takes  up  2H.X)  and  becomes  ammonium  benzoate.  Nascent  hydrogen 
converts  it  into  benzylamine,  CeH5.CH2.NH.,.  Like  other  cyanides  of  monatomic 
radicals,  it  has  a tendency  to  combine  with  hydrogen  acids  and  haloid  salts. 

Benzyl  cyanide,  C7H7.CN,  or  phenyl-aceto-nitrile,  is  obtained  by  heating  benzyl 
chloride  with  potassium  cyanide  and  alcohol.  It  occurs  in  the  essential  oils  of 
nasturtium  and  cress.  When  boiled  with  alkalies,  it  yields  ammonia  and  phenyl 
acetic  (or  a-toluic)  acid,  CH2.C0H3.CO„H. 

495.  Isocyanides,  or  carbamines. — It  has  been  seen  that  the  cyanides 
of  ethyl  and  methyl  may  be  obtained  by  heating  their  iodides  with 
potassium  cyanide.  If  silver  cyanide  be  substituted  for  potassium 
cyanide,  there  are  obtained  two  liquids  of  unpleasant  odour  which  have 
lower  boiling  points  than  the  cyanides  ; they  have  the  same  composition 
as  these,  and  are  therefore  called  isocyanides.  They  are  much  less  easily 
acted  on  by  alkalies  than  the  cyanides,  and,  when  heated  with  acids, 
they  yield  formic  acid  and  an  amine  which  contains  the  radical  of  the 
isocyanide ; thus  methyl  isocyanide,  heated  with  aqueous  hydrochloric 
acid,  gives  formic  acid,  HG'02H,  and  methylamine,  H3C.NH„.  This 
shows  that  the  methyl  is  united  to  the  nitrogen  and  not  to  the  carbon  of 
the  CIST  group,  and  that  methyl  isocyanide  is  H3=C — N=C,  and  its 
decomposition  by  aqueous  acids  would  be  expressed  by  the  equation — 
CH3.NC  + 2H.O  = CH3.NH2  + C02H2. 

The  term  carbamine  refers  to  the  idea  formerly  entertained  that  the 
isocyanides  were  amines  in  which  carbon  is  substituted  for  hydrogen ; 
thus,  methyl  carbamine,  NC.CH3,  might  be  regarded  as  methylamine, 
NHaCH3,  in  which  G"  is  substituted  for  H„.  The  isocyanides  often 
accompany  the  cyanides  of  the  alcohol-radicals,  especially  when  pre- 
pared by  distilling  the  acid  ethereal  salts,  such  as  potassium  sulphethyl- 
ate  with  potassium  cyanide.  For  this  reason  the  cyanides  of  alcohol- 
radicals  were  formerly  described  as  having  an  offensive  smell,  which  is 
really  characteristic  of  the  isocyanides  mixed  with  them. 

Methyl  isocyanide,  or  methyl  carbamine,  H3C.NC,  is  prepared  by  heating  methyl 
iodide  with  silver  cyanide  and  ether,  in  a sealed  tube,  to  140°  C.,  when  a crystal- 
line compound  of  the  isocyanides  of  methyl  and  silver  is  formed — 

H3C.I  + 2AgCN  = (H3C.NC)(AgNC)  + Agl. 

This  is  distilled  with  water  and  potassium  cyanide,  when  the  methyl  isocyanide 
passes  over.  It  is  lighter  than  water  (sp.  gr.  0.76)  and  moderately  soluble  in  it. 
It  has  an  extremely  unwholesome  smell,  and  boils  at  58°  C.  Methyl  carbamine  is 
slightly  alkaline ; it  combines  with  HC1  gas,  forming  a crystalline  hydrochloride, 
which  is  decomposed  by  water  into  formic  acid  and  methylamine  hydrochloride  ; 

H3C.NC.HC1+2H20=H3C.NH2.HC1  + HC02H. 

Ethyl  isocyanide,  or  ethyl  carbamine,  H5C2.NC,  may  be  prepared  in  the  same  way 
as  the  methyl  compound.  It  may  also  be  obtained  by  distilling  an  alcoholic 
solution  of  ethylamine  with  chloroform  and  solid  potash— 

H5C2.NH2  + HCC13  + 3KOH  = H5C2.NC  + 3KCI  + 3HOH. 

The  ethyl  carbamine  is  obtained  from  the  distillate  by  fractional  distillation.  It 
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boils  at  790  C.,  and  has  a repulsive  odour  like  hemlock.  It  is  lighter  than  water, 
and  slightly  alkaline.  When  heated  with  water  to  180°  C.  for  some  hours,  it  is 
converted  into  ethylamine  formate  ; H5C2.NC  + 2H20  = H6C2.NH2.HC02H.  Heated 
alone,  in  a sealed  tube,  to  i8o°  C.,  it  is  metamerised  into  propionitrile  ; H5C2.NC  = 
H5C2.CN.  Ethyl  carbamine  combines  readily  with  HC1,  and  forms  a crystalline 
salt.  Aqueous  acids  convert  it  into  formic  acid  and  ethylamine.  If  the  hydro- 
chloride be  treated  with  very  strong  potash,  well  cooled,  an  oily  layer  of  ethyl 
formamicle  separates  on  the  surface  ; H5C2.NC  + H20  = H5C2.NH2C0.  Glacial  acetic 
acid  also  converts  ethyl  carbamine  into  ethyl  formamide,  with  great  evolution  of 
heat  and  production  of  acetic  anhydride — 

H5C2.NC  + 2(C2H3O.OH)  = HsC2.NH2CO  + (C2H30)20. 

Phenyl  isocyanicle,  or  phenyl  carbamine,  H.Ci;.lNO,  is  prepared  by 
mixing  aniline  with  a saturated  alcoholic  solution  of  potash,  and 
gradually  adding  chloroform  ; the  distillate  is  treated  with  oxalic  acid 
to  remove  aniline,  with  potash  to  remove  water,  and  re-distilled. 
Phenyl  carbamine  has  a very  terrible  odour  ; it  is  green  by  transmitted 
light,  and  shows  a blue  reflection.  It  begins  to  boil  at  167°  C.,  but 
soon  decomposes,  being  converted,  at  230°  C.,  into  an  odourless  liquid 
which  crystallises  on  cooling.  When  heated,  in  a sealed  tube,  to  200°  C., 
phenyl  carbamine  slowly  metamerises  into  phenyl  cyanide,  or  benzo- 
nitrile,  H.C6.CN.  Treated  with  acids,  it  yields  formic  acid  and  salts  of 
phenylamine  (aniline) ; H5Cc.NC  4-  2H„0  = H5C6.lSrH2  + HCO,H. 

The  examples  above  given  show  that  an  amine  may  be  converted  into 
a carbamine  by  treatment  with  chloroform  and  potash. 

496.  Potassium  cycmate,  KO.CN,  is  prepared  by  passing  gaseous  cyan- 
ogen chloride  into  solution  of  potash,  well  cooled — 

Cl.CN  + 2KOH  = KO.CN  + KC1  + H20. 

It  crystallises  in  needles,  which  fuse  when  heated,  and  become  meta- 
merised  into  the  isocyanate. 

Potassium  isocyanate,  or  pseudocyanate,  K.NC.O,  formerly  called 
potassium  cyanate,  is  formed  when  the  cyanide  is  oxidised  by  fusion  in 
contact  with  air  or  with  metallic  oxides.  It  may  be  prepared  by  oxi- 
dising potassium  ferrocyanide  with  potassium  dichromate.  Four  parts 
of  perfectly  dried  ferrocyanide  are  intimately  mixed  with  3 parts  of 
potassium  dichromate  ; the  mixture  is  thrown,  in  small  portions,  into  a 
porcelain  or  iron  dish,  heated  sufficiently  to  kindle  it.  When  the  whole 
has  smouldered  and  blackened,  it  is  allowed  to  cool,  introduced  into  a 
flask,  boiled  with  strong  alcohol,  and  filtered  hot;  the  isocyanate 
crystallises  out  on  cooling,  and  the  mother-liquor  may  be  employed  to 
extract  a fresh  portion.  Potassium  isocyanate  ciystallises  in  plates  ; it 
is  decomposed  by  moist  air  into  hydropotassium  carbonate  and  ammonia ; 
K.NC.O  + 2H.,0  = KFIOOg  + NH3.  It  is  very  soluble  in  water,  but  the 
solution  soon’  decomposes,  especially  if  heated,  into  potassium  and 
ammonium  ; carbonates  2(K.NC.O)  + 4H20  = CO(OIv)2  + C 0(0NH4)„. 
If  the  freshly  prepared  solution  be  mixed  with  dilute  acetic  acid,  a 
crystalline  precipitate  of  dihydropotassium'  cyanurate  is  obtained; 
3KNCO  + 2H0C„H30  = KHjCjNjO,  + 2KOCVH3O.  Solution  of  potas- 
sium isocyanate"  effervesces  with  sulphuric  and  hydrochloric  acids, 
evolving  carbon  dioxide,  together  with  some  pungent  vapour  of  cyanic 
(or  isocyanic)  acid,  and  leaving  ammonium  sulphate  or  chloride  111 

solution.  . . 

Ammonium  cyanate,  NH4.O.CN,  is  prepared  by  mixing  vapour  ol 
cyanic  acid  with  ammonia  gas  in  excess,  when  it  is  deposited  111  minute 
crystals,  which  effervesce  with  acids,  evolving  C02.  If  the  cyanate  is 
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kept  for  some  time,  or  if  its  aqueous  solution  be  boiled,  it  no  longer 
effervesces  with  acids  nor  evolves  ammonia  with  cold  potash,  having 
become  metamerised  into  urea,  (NH.,)X'0,  having  probably  first  changed 
into  the  isocyanate. 

Ammonium  isocyanate,  NII^.NC.O,  is  formed  when  potassium  isocy- 
anate is  decomposed  by  ammonium  sulphate.  By  employing  strong 
solutions  and  cooling  artificially,  the  bulk  of  the  potassium  sulphate 
may  be  crystallised  out.  The  isocyanate  has  not  been  crystallised,  for, 
when  its  solution  is  evaporated,  it  metamerises  into  urea ; jSTH4.NC.O  = 
(NTI.,),CO.  By  evaporating  the  solution  to  dryness  on  a steam-bath, 
and  treating  with  strong  alcohol,  the  potassium  sulphate  is  left  undis- 
solved, and  urea  may  be  obtained  in  crystals  from  the  solution.  As  a 
class  experiment,  a strong  solution  of  potassium  (iso)cyanate  may  be 
mixed  with  an  equal  volume  of  a strong  solution  of  ammonium  sul- 
phate, and  divided  into  two  parts,  one  of  which  is  boiled  for  a minute, 
and  cooled.  If  both  portions  be  now  stirred  with  strong  (colourless) 
nitric  acid,  the  first  will  simply  effervesce  violently,  but  the  second  will 
deposit  abundant  crystals  of  urea  nitrate. 

Artificial  urea. — The  preparation  of  urea  without  having  recourse  to 
urine  attracted  much  attention  as  one  of  the  earliest  examples  of  the 
artificial  formation  of  an  animal  product  from  mineral  sources.  The 
original  process  (Liebig  and  Wohler)  was  the  following  : — 56  parts  of 
well-dried  potassium  ferrocyanide  are  mixed  with  28  parts  of  dried 
manganese  di-oxide,  the  mixture  heated  to  dull  redness  in  an  iron  dish, 
and  stirred  until  it  ceases  to  smoulder.  The  cooled  residue  is  treated 
with  cold  water,  filtered,  and  the  solution  (of  potassium  (iso)cyanate) 
decomposed  with  41  parts  of  crystallised  ammonium  sulphate.  It  is 
then  evaporated  to  dryness  on  a steam-bath,  and  treated  with  strong 
alcohol  to  extract  the  urea.  Urea  has  been  described  at  p.  590. 

Cyanamide,  H2N.CN,  may  be  obtained  by  fusing  urea  with  sodium — 

(NH2).,CO  + Na  = H,N.CN  + NaOH  + H. 

The  mass  is  dissolved  in  water,  ammonia  added  in  excess,  and  silver  nitrate, 
which  gives  a yellow  precipitate  of  Ag._,N.CN  ; this  is  washed,  dried,  covered  with 
ether,  and  decomposed  by  H,S,  when  Ag,S  and  II„N.CN  are  produced,  the  latter 
dissolving  in  the  ether,  from  which  it  may  be  crystallised. 

Cyanamide  may  also  be  prepared,  like  other  amides,  by  acting  on  ammonia, 
dissolved  in  ether,  with  gaseous  cyanogen  chloride — 

2NH3  + CN.C1  = H2N.CN  + NH.C1. 

Another  reaction  which  furnishes  it  is  that  between  sulpho-urea  (p.  617)  and 
mercuric  oxide  ; (NH2)2CS  + HgO  = H2N. CN  + HgS  + H.,0.  Cyanamide  forms  crys- 
tals soluble  in  water,  alcohol,  and  ether.  HC1  passed  into  its  ethereal  solution, 
gives  crystals  of  H„N.CN.2HC1.  Nitric  acid  converts  it  into  urea  nitrate — 
H2N.CN  + H2O  + HN03  = H2N.C0.NH2.HN03. 

When  heated,  cyanamide  fuses  at  40°  C.,  and  is  converted  into  melamine,  or  cyan- 
uramide,  (H2N)3(CN)3,  with  evolution  of  much  heat. 

497.  Guanidine,  or  carbon-diamide-imide,  C(UH,),(NTI)",  formerly 
called  carbotriamine,  (N3H.Civ),  is  prepared  by  heating  ammonium 
sulphocyanate  in  a retort  to  190°  C.  for  several  hours.  Sulpho-urea  is 
first  produced  by  metameric  change,  and  is  converted  into  cyanamide  • 
(NH2)2CS  = H2N.CN  + H2S;  the  cyanamide  then  acts  upon  the  re- 
maining ammonium  sulphocyanate,  and  converts  it  into  guanidine 
sulphocyanate  ; H2N.CN  + KH4.S.CU  = C(NHa)aNTI.HSCK  This  is 
dissolved  in  a little  water,  mixed  with  half  its  weight  of  potassium 
carbonate,  and  evaporated  to  dryness,  when  a mixture  of  guanidine 
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carbonate  and  potassium  sulphocyanate  is  obtained.  This  is  boiled 
with  alcohol,  which  dissolves  the  sulphocyanate,  and  leaves  guanidine 
carbonate , (N3H5C)a.HsC08,  which  may  be  recrystallised  from  water. 
This  is  converted  into  guanidine  sulphate,  (N.jll.C)2.H.)SOl,  and  decom- 
posed by  baryta-water ; the  filtrate  from  the  BaS04  is  evaporated  over 
sulphuric  acid,  when  guanidine  is  obtained  as  a deliquescent  crystalline 
substance,  which  is  strongly  alkaline,  and  absorbs  CO,  from  the  air. 
It  is  a strong  monacid  base,  and  yields  well-crystallised  salts. 

Guanidine  nitrate,  N3H.C.HN03,like  urea  nitrate,  is  sparingly  soluble 
in  water,  and  crystallises  in  plates.  Guanidine  is  soluble  in  alcohol.  Its 
platinum  salt,  2N3H6CCl.PtCl4,  is  sparingly  dissolved  by  absolute  alcohol. 
When  heated  with  baryta- water,  guanidine  undergoes  hydrolysis,  yield- 
ing urea  and  ammonia ; C(JNH,).,NH  + H„0  = (NHo)„C0  + NHS.  Heated 
with  strong  potash,  it  gives  potassium  carbonate  and  ammonia — 
C(NH2),(NH)"  -r  2KOH  + H,0  = C(0K),0  + 3NH3. 

Dilute  sulphuric  acid,  when  heated,  converts  it  into  ammonia  and  urea, 
which  combine  with  the  acid. 

Guanidine  was  so  called  because  originally  obtained  by  the  oxidising 
action  of  potassium  chlorate  and  HC1  on  guanine,  a feeble  base  ex- 
tracted from  guano.  Guanidine  has  not  received  any  practical  applica- 
tion, but  is  of  great  theoretical  interest  as  an  amide-imide  compound, 
formed  upon  the  CH4  type  by  the  replacement  of  H2  by  two  (NH,,)' 
groups,  and  of  the  remaining  H,  by  the  imidogen  group  (NT!)". 
When  guanidine  exchanges  this  NTH  group  for  0",  it  is  converted  into 
urea. 

Synthesis  of  guanidine. — Being  a mono-carbon  compound,  guanidine  is 
easily  obtained  synthetically.  Cyanogen  iodide  is  converted  into  guani- 
dine hydriodide  by  heating  with  ammonia  dissolved  in  alcohol,  in  a sealed 
tube,  at  ioo°C. ; I. ON  -1-  2NTH3  = C(NH,)2N'H.HI.  Guanidine  hydro- 
chloride is  formed  by  heating  cyanamide,  dissolved  in  alcohol,  with 
ammonium  chloride  to  ioo°  0.  in  a sealed  tube — 

H,N.CN  + NH3.HCI  = C(NH,),NH.HC1. 

This  illustrates  a general  reaction  for  converting  an  amine  into  a guani- 
dine by  heating  the  hydrochloride  of  the  amine  icith  cya)iamide  dissolved 
in  alcohol. 

Ethyl  orthocarbonate  (p.  559)  reacts  with  ammonia  to  form  guanidine ; 
C(OC2H5)4  + 3HH3  = C(NH2)2(NH)"  + 4HOC2H, 

Chloropicrin  also  yields  guanidine  when  heated  to  100°  C.  with  alco- 
holic ammonia’;  CN02C13  -h  7HH3  = C(NH2)2(NH)"  + 3NH4C1  + NH4N02. 

Diphenyl  guanidine,  or  melaniline,  C(N.H.C6H?1,NH,  is  a crystalline  base  pro- 
duced by  the  action  of  cyanogen  chloride  on  aniline— 

Cl.CN  + 2NH2CbH5  = C(NH.C6H5)2NH.HC1. 

498.  Dicyanimide,  HN(CN)2,  is  produced  by  the  action  of  potash  on  solution  of 
potassium  cyanate  ; 3KOCN  + H„0  = (K0)2C0  + KH0  + HN(CN)2.  On  neutralis- 
ing the  solution  with  nitric  acid  and  adding  silver  nitrate,  a precipitate  of 
AgN(CN),  is  obtained.  Potassium  isocyanate,  K.NCO,  does  not  yield  dicyan- 
imide. 

Methyl  cyanate,  H3C.O.CN,  is  prepared  by  passing  gaseous  cyanogen  chloride 
into  a well-cooled  alcoholic  solution  of  sodium  methylate;  Cl.CN + H3C.O.Na= 
CINa  + HgC.O.CN.  It  is  left,  after  distilling  off  the  alcohol,  as  a liquid  which 
soon  polymerises  to  a crystalline  mass  of  methyl  cyanurate,  (HsC)303(CN)g. 

Ethyl  cyanate  (cyanetholin),  HsC2.O.CN,  is  obtained  in  a similar  way,  and  also 
polymerises  easily.  When  distilled  with  potash,  it  yields  alcohol  and  potassium 
cyanurate ; 3(HsC2.O.CN)  + 3KOH=3(H5C2.OH)  + K3Oj(CN)3. 
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499.  Methyl  isocyanate,  or  methyl  carbimide,  H3C.NC.O,  was  formeily  regarded 
as  tlie  normal  cyanate,  being  obtained  by  distilling  potassium  sulphomethylate 
with  potassium  cyanate;  KCH3S04+K.0.CN=H3C.NC.0  + K2S^4.  It  is  also 
obtained  by  oxidising  methyl  isocyanide  with  mercuric  oxide  ; H3L.JN  O + -tigO  — 
H..C.NC.0  + Hg.  It  is  a volatile  liquid  with  a suffocating  odour.  When  distilled 
with  potash,  it  yields  methylamine,  showing  that  the  methyl,  is  attached  to 
the  nitrogen;  H3C.N.CO  + 2KOH  = H3C.NH2+ C0(0K)2.  Ammonia  gas  converts 
methyl  isocyanate  into  methyl  urea  (H3C.NC.O-t-NH3— NH.rNHCHs.C  ) lesem- 

bling  urea  itself.  . „ , . . . 

Dimethyl  urea,  (NH.CH3),CO,  is  formed  by  the  action  of  water  on  methyl  iso- 
cyanate ; 2(H3C.NC.0)  + H20  = (NH.CH3)2C0  + C02. 

Ethyl  isocyanate,  or  ethyl  carbimide,  HsC.,.NC.O,  is  prepared  like  the  methj  1 com- 
pound, which  it  resembles.  Its  sp.  gr.  is  0.9,  and  it  boils  at  60  C.  It  yields 
ethylamine  when  distilled  with  potash,  and  triethylamine  with  sodium  ethylate ; 
H,C2.NC.O  + 2(C„H5.0Na)  = (H5C2)3N  + CO(ONa)2.  . 

Ethyl  urea,  N1I„.NHC.,H-.C0,  diethyl  urea,  (NHC2Hs)2CO,  and  triethyl  urea, 
NHC.,H..N(C2H5)2.CO,  have  been  obtained.  . 

Methyl-ethyl  urea,  NHCHrNHG,IL.C(X  is  formed  by  the  action  of  methylamine 
on  ethyl  isocyanate  ; H5C2.NC.O  + NH2CH3  = NHCH3.NHC,H5.CO. 

500.  AUyl  isosulphocyanate,  H.C3.NCS,  is  the  essential  oil  of  mustard, 
obtained  by  grinding  black  mustard  seeds  with  water,  and  distilling.  It 
does  not  exist  in  the  seed,  but  is  produced  by  the  decomposition  of 
potassium  myronate  contained  in  the  seed,  induced  by  a peculiar  ferment 
called  myrosin,  which  causes  the  myronate  to  split  up  into  the  essence 
of  mustard,  glucose,  and  hydropotassium  sulphate  ; KC10II]SNS/)10  = 
H.C3.NCS  + C6H,,O0  + KHS04.  The  seed  yields  about  0.5  per  cent,  of 


the  oil. 

The  potassium  myronate  may  be  obtained  from  ground  mustard  by 
rendering  the  myrosin  inactive  by  boiling  alcohol,  and  then  extracting 
with  cold  water,  which  dissolves  the  myronate.  The  solution  is  evapo- 
rated to  a small  bulk  and  mixed  with  alcohol,  which  precipitates  the 
potassium  myronate.  The  free  acid  is  not  known,  being  very  unstable. 

Myrosin  is  prepared  by  extracting  ground  white  mustard  with  cold 
water,  evaporating  the  filtrate  to  a syrup  below  40°  C.,  and  adding 
alcohol  in  small  quantity,  when  the  myrosin  is  precipitated.  It  is  a 
body  'somewhat  resembling  albumen,  being  coagulated  and  rendered 
inactive  by  heat.  Its  aqueous  solution,  when  added  to  potassium 
myronate,  causes  it  in  a few  minutes  to  smell  of  mustard  and  become 
acid  ; it  also  becomes  turbid  from  the  separation  of  small  globular  cells 
like  those  of  yeast.  Myrosin  occurs  in  other  plants  than  mustard,  such 
as  the  radish,  rape,  cabbage,  and  swede,  all  belonging  to  the  same  natural 
order  as  mustard  ( Cruciferce ).  Mignonette  root  also  furnishes  mustard 
oil. 


Essential  oil  of  mustard  has  sp.  gr.  1.017,  and  boils  at  150°  C.  It  is  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether.  It  is  the  cause  of  the  pungent  odour 
of  mustard  paste  and  of  its  power  to  redden  and  irritate  the  skin.  It  is  slowly 
decomposed  by  light,  depositing  a yellow  precipitate.  When  heated  with  water 
to  100°  C.  for  some  time,  it  loses  sulphur  and  becomes  crotono-nitrile,  C3H..CN, 
which  is  present  in  considerable  quantity  in  commercial  mustard  oil.  When 
mustard  oil  dissolved  in  alcohol  is  acted  on  by  HC1  and  Zn,  it  yields  allylamine  ; 
H5Cg.N CS  + H4  = HsC3.NH2  + CH2S  ( formic  thio-aldeliyd).  By  mixing  mustard  oil 
with  ammonia  and  passing  ammonia  gas,  allyl-thio-urea,  or  thio-sinnamine, 
NH„.NH(C3H5).CS,  is  obtained,  forming  prismatic  crystals  soluble  in  water, 
alcohol,  and  ether,  and  having  a bitter  taste.  It  is  a weak  base.  When  heated 
with  lead  hydrate,  it  loses  H2S,  and  becomes  allyl  cyanamide , NHC3H5.CN,  which 
afterwards  polymerises  into  sinnamine,  or  tri-allyl  melamine,  (NHC3H3)S(CN)3. 
This  is  a strongly  alkaline  base. 

If  allyl  bromide  be  decomposed  by  ammonium  sulphocyanate,  at  a low  tern- 
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perature,  allyl  sulphocyanate,  H5Cs.SCN,  is  formed,  which  has  no  smell  of  mustard. 
When  this  is  heated,  it  boils  at  1610  C.,  but  the  boiling  point  soon  falls,  and  a 
strong  smell  of  mustard  is  perceived.  When  the  boiling  point  has  reached 
1490  C.,  the  whole  distils  over  as  allyl  isosulphocyanate,  HsCs.NCS,  or  mustard  oil. 
Allyl  sulphocyanate,  decomposed  by  potash,  yields  potassium  sulphocyanate  and 
allyl  alcohol ; H5C3.SCN  + KOH  = I1.0r OH  + K.SCN  ; allyl  isosulphocyanate  gives 
allylamine ; H5C3.NCS  + 4IyOH  = HsC3.NH2  + K2S  + CO(OK).>  -t-H„0. 

Mustard  oil  is  also  obtained  artificially  by  distilling  allyl  | iodide  (p.  554)  with 
potassium  sulphocyanate  ; C3H5I  + KSCN  = C3H5.NCS  + KI.  When  ethyl  iodide  is 
treated  in  the  same  way,  ethyl  sulphocyanate,  C2H5.SCN,  is  obtained.  To  obtain 
the  ethyl  isosulphocyanate,  or  ethyl  mustard  oil,  or  ethyl  thiocarbimide,  C..H..NCS, 
ethylamine  dissolved  in  alcohoi  is  digested  with  carbon  disulphide,  ‘distilled 
nearly  to  dryness,  and  the  residue  in  the  retort  boiled  with  solution  of  mercuric 
chloride.  All  primary  amines  yield  the  corresponding  mustard  oils  when  treated 
in  this  manner,  and,  since  the  odour  is  quite  characteristic,  the  treatment  with 
carbon  disulphide  and  mercuric  chloride  is  known  as  the  mustard-oil  test  for 
primary  bases. 

The  mustard-oil  reaction  is  easily  explained.  It  will  be  remembered  that,  when 
C02  is  dissolved  in  water,  the  solution  is  supposed  to  contain  carbonic  acid, 
CO(OH)2.  When  C02  is  combined  with  dry  ammonia,  ammonium  carbamate  is 
formed;  carbamic  acid  being  CO.OH.NH2,  the  reaction  is — 

C02  + 2NH3  ='  CO.ONH4.NH2. 

If  CS2  be  substituted  for  C02  (the  CS2  employed  in  alcoholic  solution),  ammonium 
sulphocarbamate  is  produced;  CS2  + 2NH3=CS.SNH4.NH2.  When  ethylamine  is 
used  instead  of  ammonia,  the  product  is  ethyl-ammonium  etliyl-sulphocarbamate ; 
CS2  + 2NH2(C2H5)  = CS.  SNH3(C2H3)NH(C2H5).  On  decomposing  this  with  mercuric 
chloride,  it  yields  the  corresponding  mercuric  salt,  which  is  decomposed,  by  boil- 
ing with  water,  into  ethyl  isosulphocyanate,  mercuric  sulphide,  and  hydric  sul- 
phide ; Hg(CS.S.NHC2H5)2=HgS  + H2S  + 2C2H5NCS. 

When  mustard  oil  is  heated  with  potassium  sulphide,  it  yields  di-allyl  sulphide, 
(C3H5)2S,  which  is  the  essential  oil  of  garlic. 

Butyl  isosulphocyanate,  C4HB.NCS,  is  the  essential  oil  of  scurvy-grass,  another 
cruciferous  plant,  and  is  sometimes  sold  as  mustard  oil,  but  it  has  a higher  boiling 
point,  1600  C. 

Potassium  isosulphocyanate,  K.NCS,  is  obtained  by  heating  persulphocyanic 
acid  (p.  616)  with  alcoholic  solution  of  potash.  It  forms  crystals  which  are 
soluble  in  water ; the  solution  does  not  give  the  red  sulphocyanate  reaction  with 
ferric  salts.  It  is  converted  into  normal  sulphocyanate  by  boiling  or  fusing. 

501.  Carbamides,  carbimides,  sulplio-  or  thio-carbamides,  and  sulpho- 
or  thio-cctrbimides. — The  termination  -amide  originally  implied  the  pre- 
sence of  the  amidogen  group,  (NH,)',  and  the  termination  -imide  denoted 
the  presence  of  the  imidogen  group,  (Nil)".  Urea  was  called  carbamide 
because  its  formula,  CO(NH2)2,  shows  it  to  be  derivable  from  ammonium 
carbonate,  CO(ONHj2,  by  the  loss  of  2H20  (see  p.  586).  Sidpho-urea, 
or  thio-urea,  CS(NIT2)2,  was  then  called  sulphocarbamide  or  thiocarbamide. 
Cyanic  acid  was  called  carbimide  because  its  formula,  CO.NH,  shows 
that  it  differs  from  urea  in  containing  the  NTI  group  instead  of  the  two 
NH„  groups.  Sulphocarbimide,  or  thiocarbimide , CS.NH,  has  not  been 
isolated,  but  it  is  evidently  carbimide  in  which  the  oxygen  is  replaced 
by  sulphur.  When  it  was  found  that  there  were  two  compounds  having 
the  composition  of  potassium  cyanate,  viz.,  the  normal  cyanate,  KO.CN, 
and  the  isocyanate,  K.NCO,  or  CO.NK,  the  name  carbimide  was  reserved 
for  the  (as  yet  unknown)  isocyanic  acid,  IT.NCO,  or  CO.NH.  Sulpho- 
carbimide, or  thiocarbimide , now  denotes  isosulphocyanic  acid,  H.NCS, 
or  CSNTI. 

Hence  the  isocyanates  are  now  termed  carbimides,  and  the  isosulphocy- 
anates  or  isothiocyanates  are  called  sulphocarbimides  or  thiocarbimides. 

In  the  subjoined  comparison  of  formula?,  It'  represents  any  monad 
radical  exchangeable  for  H. 
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Carbamides 

or 

Ureas. 

CO(NR'A 


Sulphocarbamides 

or 

Thio-ureas. 

CS(NR'2)2 


Carbimides 

or 

Iso-cyanates. 

R'.NCO 


Sulphocarbimides 

or 

Iso-thio-cyanates. 

R'.NCS 


502.  Appendix  to  the  cyanogen  compounds. — Chrysean,  C4H5S2H3,  is 
obtained  by  covering  potassium  cyanide  with  water,  in  a flask,  and  satu- 
rating with  H,S  gas  ; 4KCN  + 5H3S  = C4H5S3N;:  + 2K2S  + NH4HS.  It 
crystallises  from  boiling  water  in  golden  needles,  soluble  in  alcohol, 
ether,  acids,  and  alkalies.  Its  alcoholic  solution  is  red,  and  changes  to 
a fugitive  green  on  adding  a little  alkali.  It  may  possibly  have  the 
formula  (CN^HS/^CH,)'. 

503.  Fulminates. — The  salts  known  as  fulminates  are  prepared  from 
the  fulminates  of  mercury  and  silver,  obtained  when  those  metals  are 
treated  with  nitric  acid  and  alcohol. 


Mercuric  fulminate,  Hg" 


0,  is  prepared  on  a small  scale,  with 


safety,  by  carefully  observing  the  following  directions: — Dissolve  25  grs. 
(or  1.6  grm.)  of  mercury  in  half  a measured  ounce  (or  14  c.c.)  of  ordi- 
nary concentrated  nitric  acid  (sp.gr.  1.42)  in  a half-pint  beaker,  covered 
with  a dial-glass ; the  solution  may  be  allowed  to  take  place  in  the  cold, 
or  it  may  be  accelerated  by  gently  heating.  The  solution  contains  mer- 
curic nitrate,  nitric  acid,  and  nitrous  acid.  When  all  the  mercury  is 
dissolved,  remove  the  beaker  to  a distance  from  any  flame,  and  pour 
into  it,  at  arm’s  length,  5 measured  drachms  (17.5  c.c.)  of  alcohol 
(sp.  gr.  0.87).  Very  brisk  action  soon  begins,  and  the  fulminate  sepa- 
rates as  a crystalline  precipitate ; dense  white  fumes  pour  over  the  sides 
of  the  beaker,  having  the  odours  of  nitrous  ether  and  aldehyd ; they  also 
contain  mercury  compounds  and  hydrocyanic  acid,  and  are  very  poisonous. 
When  red  fumes  begin  to  appear  abundantly,  some  water  is  poured  in 
to  stop  the  action  (which  occupies  only  two  or  three  minutes),  and  the 
fulminate  is  collected  on  a filter,  washed  with  water  as  long  as  the  wash- 
ings taste  acid,  and  dried  by  exposure  to  air. 


On  a large  scale  the  preparation  is  carried  out  under  sheds.  At  Montreuil, 
300  grammes  of  mercury  are  dissolved  in  3 kilogrammes  of  colourless  nitric  acid, 
ofsp.gr.  1.4,  in  the  cold.  The  solution  is  transferred  to  a retort,  and  2 litres 
of  strong  alcohol  are  added.  In  summer  no  heat  is  required,  and  the  vapours 
are  condensed  in  a receiver  and  added  to  a fresh  charge.  When  the  action  has 
ceased,  the  contents  of  the  retort  are  poured  into  a shallow  pan,  and,  when  cold, 
the  fulminate  is  collected  in  a conical  earthen  vessel  partially  plugged  at  the 
narrow  end.  It  is  washed  with  rain-water,  and  drained  until  it  contains  20  per 
cent,  of  water,  being  stored  in  that  state. 

Mercuric  fulminate,  thus  prepared,  has  a grey  colour  from  the  presence  of 
finely  divided  mercury,  and  sometimes  contains  mercuric  oxalate.  It  may  be 
purified  by  dissolving  it  in  100  parts  of  boiling  water,  which  leaves  the  metal 
and  the  oxalate  undissolved,  and  deposits  the  fulminate  on  cooling  in  lustrous 
white  prisms.  It  should  not  be  kept  in  a stoppered  bottle,  as  it  would  easily 
detonate  by  friction  between  the  stopper  and  the  neck  of  the  bottle.  The  blow 
of  a hammer  causes  it  to  detonate  sharply  with  a bright  flash  and  grey  fumes  of 
mercury ; HgC2N202 = Hg  + 2CO  + N„.  It  is  also  detonated  by  being  touched  with 
a wire  heated  to  1950  C.,  or  by  an  electric  spark,  or  by  contact  with  strong  sul- 
phuric or  nitric  acid.  Its  sp.  gr.  being  4.4,  a small  volume  of  it  evolves  a large 
volume  of  gas  ; according  to  the  above  equation,  the  gas  and  vapour  would  occupv 
more  than  1340  times  the  volume  of  the  solid,  at  the  ordinary  temperature  and 
the  volume  at  the  moment  of  detonation  would  be  much  greater,  because  the 
fulminate  evolves  403  units  of  heat  (per  unit)  in  its  decomposition,  and  this  would 
expand  the  evolved  gases  and  greatly  increase  their  mechanical  effect.  It  is 
estimated  that  a pressure  of  48,000  atmospheres  is  thus  produced. 

The  explosive  nature  of  the  fulminate  is  due  to  its  containing  an  oxidising 
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group  (Hg  linked  to  0)  and  a cyanide  group  (Ilg  linked  to  CN),  for,  as  is  well 
known,  the  cyanides  (e.g.,  KCy)  form  explosive  mixtures  with  oxidising  agents 
(e.g.,  KNOs  and  KC10S). 

The  formation  of  mercuric  fulminate  has  not  been  clearly  explained ; when 
nitric  acid  acts  on  alcohol,  several  products  are  obtained,  among  which  are 
nitrous  acid,  arising  from  the  reduction  of  nitric  acid,  and  some  hydrocyanic 
acid.  The  formation  of  the  cyanogen  group  may  be  explained  by  the  tendency 
of  nitrous  acid  to  substitute  N for  H3  in  organic  compounds,  and  it  might  be 
expected  that  the  action  of  nitrous  acid  on  alcohol  would  be — 

CHs.CH2HO  + 2HNO.,  = CN.CN.O  + 4H20 ; 
but  the  group  (CN)20  appears  to  be  too  unstable  to  exist,  separately ; the  same  is 
the  case  with  the  corresponding  hydrate,  (CN)2(OH)2 ; but  it  has  been  seen  that 
mercury  and  silver  much  increase  the  stability  of  cyanogen  compounds,  so  that 
by  substituting  Hg"  or  Ag2  for  the  H2  in  the  above  formula,  a more  stable  body 
is  produced.  The  production  of  mercuric  fulminate  by  the  action  of  nitrous  acid 
(formed  by  the  reduction  of  nitric  acid  by  mercury  or  alcohol)  and  mercuric 
nitrate  upon  alcohol  may  be  plausibly  expressed  by  the  equation — 

CH3.CH,HO  + 2HN02  + Hg"02(N02)2=  CN.CN(Hg"0.,)"  + 3HA)  + 2(H0.N02). 

The  formula  (CN)2(OH),  represents  the  hypothetical  fulminic  acicl,  which  would 
stand  between  cyanic  acid,  CN.OH,  and  cyanuric  acid,  (CN)3(OH)3. 

When  mercuric  fulminate  is  dissolved  in  strong  hydrochloric  acid,  it  yields 
mercuric  chloride,  formic  acid,  and  hydroxylamine  hydrochloride  (or  hydroxyl- 
ammonium  chloride).  The  reaction  maybe  represented  in  two  equations,  the 
first  representing  the  formation  of  the  mercuric  chloride  and  unstable  fulminic 
acid,  Hg02(CN)2  + 2HCI = (HO)2(CN)2  + HgCl2.  The  fulminic  acid  then  reacts  with 
water,  exchanging  its  N'"  for  H'O",  and  becoming  formic  acid 


H.O.CN 
H.CN.O  + 


4HOH 


H.O.CHO 
“ HO.CHO 


+ 2NH2(0H)/. 


If  the  mercury  be  precipitated  as  sulphide  by  H2S,  and  the  filtered  solution 
evaporated,  the  hydroxylamine  hydrochloride  will  be  left.  This  is  the  best  pro- 
cess for  preparing  that  salt.  If  dilute  hydrochloric  acid  be  employed,  hydro- 
cyanic acid  and  carbonic  acid  are  produced  together  with  hydroxylamine — 
(CN)2(OH)2  + 2HOH  = CO(OH)2  + CN.H  + NH.2(OH). 

When  decomposed  by  hydric  sulphide,  mercuric  fulminate  yields  sulphocyanic 
acid,  ammonia,  carbon  dioxide,  and  sulphur,  which  forms  HgS.  Boiled  with 
dilute  sulphuric  acid,  it  yields  mercurous  sulphate,  formic  acid,  and  carbon 

^Ihomine  acts  on  mercuric  fulminate,  producing  mercuric  bromide  and  the 
compound  Br„CN.O.NCO,  isomeric  with  dibromonitroacetonitrile,  Br2.N02.C.CN 
(acetonitrile,  or  methyl  cyanide,  II3C.CN).  This  formerly  induced  the  belief 
that  mercuric  fulminate  was  the  mercury  nitroacetonitnle,  Hgh02C.0N.  YV  hen 
excess  of  bromine  acts  upon  mercuric  fulminate,  in  an  alkaline  solution,  it  yields 
cyanogen  bromide  and  bromopicrin  or  nitrobromoform  ; the  action  may  be  repre- 
sented in  two  stages — 

(1)  Hg0(CN)20  + 2Br2  = HgBr,  + 


(2)  BiyCN.O.NCO 


Br,CN.O.NCO ; 

+ Br2  = BrCN  + Br3C.N02  (nitrobromoform). 

Chlorine  acts  in  a similar  manner,  producing  chloropicrin,  or  nitrochloroform, 
(CLC.NO,).  As  these  bodies  are  derivatives  of  methane,  (HSC.H) , it  was 1 at one 
time  believed  that  mercuric  fulminate  had  the  constitution  Hg  (CN)  (NO,)  C . _ 
Cap  composition.— The  explosion  of  mercuric  fulminate  is  so  violent  and  rapid 
that  it  is  necessary  to  moderate  it  for  percussion  caps.  For  this  purpose  it  is 
mixed  with  potassium  nitrate  or  chlorate,  the  oxidising  property  ot  these  salts 
possibly  causing  them  to  be  preferred  to  any  merely  inactive  substances,  since  it 
would  tend  to  increase  the  temperature  of  the  flash  by  burning  the  carbonic  oxide 
into  carbon  dioxide,  and  would  thus  insure  the  ignition  of  the  cartridge  The 
military  caps,  in  this  country,  potassium  chlorate  is  always  mixed  with  the 
fulminate,  and  powdered  glass  is  sometimes  added  to 

the  mixture  to  explosion  by  percussion.  Antimony  sulphide  is  sometimes  suosti 

apparently  for  the  purpose  of  * 

taking  advantage  of  the  powerful  oxidising  action  of  potassium  chlorate  upon 
that  compound  (p.  164).  Since  the  composition  is  very  toUeto 
friction,  it  is  made  in  small  quantities  at  a time,  and  without  contact  with  an) 
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hard  substance.  After  a little  of  the  composition  has  been  introduced  into  the 
cap,  it  is  made  to  adhere  and  waterproofed  by  a drop  of  solution  of  shell-lac  in 
spirit  of  wine. 

If  a thin  train  of  mercuric  fulminate  be  laid  upon  a plate,  and  covered,  except 
a little  at  one  end,  with  gunpowder,  it  will  be  found,  on  touching  the  fulminate 
with  a hot  wire,  that  its  explosion  scatters  the  gunpowder,  but  does  not  inflame 
it.  On  repeating  the  experiment  with  a mixture  of  10  grains  of  the  fulminate 
and  1 5 grains  of  potassium  chlorate,  made  upon  paper  with  a card,  the  explosion 
will  be  found  to  inflame  the  gunpowder. 

By  sprinkling  a thin  layer  of  the  fulminate  upon  a glass  plate,  and  firing  it  with 
a hot  wire,  the  separated  mercury  may  be  made  to  coat  the  glass,  so  as  to  give  it 
all  the  appearance  of  a looking-glass. 

Although  the  effect  produced  by  the  explosion  of  mercuric  fulminate  is  very 
violent  in  its  immediate  neighbourhood,  it  is  very  slightly  felt  at  a distance,  and 
the  sudden  expansion  of  the  gas  will  burst  fire-amis,  because  it  does  not  allow 
Lime  for  overcoming  the  inertia  of  the  ball,  though,  if  the  barrel  escape  destruc- 
tion, the  projectile  effect  of  the  fulminate  is  found  inferior  to  that  of  powder. 
It  has  been  proved  by  experiment  that  the  mean  pressure  exerted  by  the  explosion 
•of  mercuric  fulminate  is  very  much  lower  than  that  produced  by  gun-cotton,  and 
only  three-fourths  of  that  produced  by  nitroglycerin.  Its  great  pressure  is  due 
to  its  instantaneous  decomposition  into  CO,  N,  and  Hg  vapour  within  a space  not 
sensibly  greater  than  the  volume  of  the  fulminate  itself,  which  volume  being  very 
small,  on  account  of  the  high  density  of  the  fulminate,  the  escaping  gases  exert 
an  enormous  pressure  at  the  moment  of  explosion.  This  detonating  property  of 
mercuric  fulminate  renders  it  exceedingly  useful  for  effecting  the  detonation  of 
gun-cotton  and  nitroglycerin.  Berthelot  finds  that  even  such  stable  gases  as 
acetylene,  cyanogen,  and  nitric  oxide  are  decomposed  into  their  elements  by  the 
detonation  of  mercuric  fulminate. 

504.  Silver  fulminate , *s  prepared  in  a similar  way  to  the  mercury 

salt.  Ten  grains  (or  0.65  grm.)  of  silver  are  dissolved,  by  gently  heating,  in 
70  minims  (or  5 c.c.)  of  ordinary  strong  nitric  acid  (sp.  gr.  1.42)  and  50  minims 
(or  3.5  c.c.)  of  water.  As  soon  as  the  silver  is  dissolved,  the  lamp  is  removed,  and 
200  minims  (or  14  c.c.)  of  alcohol  (sp.  gr.  0.87)  are  added.  If  the  action  does  not 
commence  shortly,  a very  gentle  heat  may  be  applied  until  effervescence  begins, 
when  the  fulminate  will  be  deposited  in  fine  needles,  and  may  be  further  treated 
like  the  mercuric  salt.  In  some  cases  a little  red  nitric  acid  is  necessary  to  start 
the  action.  The  copper  in  silver  coin  does  not  interfere  with  the  preparation  of 
the  fulminate.  It  may  also  be  obtained  as  a crystalline  precipitate  by  warming 
solution  of  silver  nitrate  with  nitric  acid  and  alcohol  until  effervescence  begins. 

Silver  fulminate  is  far  more  dangerous  than  mercuric  fulminate,  and,  if  stored 
dry,  should  be  wrapped  up,  in  small  portions,  in  paper.  Even  if  wet,  it  is  not 
safe  in  a glass  bottle.  When  dry,  it  should  be  lifted  with  a slip  of  card. 

Silver  fulminate  crystallises  in  shining  prisms,  and  is  more  soluble  in  boiling 
water  (36  parts)  than  mercuric  fulminate  ; it  detonates  sharply  when  pressed  with 
a hard  body,  or  when  heated  a little  above  ioo°  C.  When  touched  with  a hot 
wire  upon  a piece  of  glass  or  thin  metal,  it  gives  a sharp  report  and  shatters  the 
plate,  whilst  mercuric  fulminate  emits  a dull  sound,  and  does  not  shatter  unless 
closed  in.  A glass  plate  may  be  converted  into  a mirror,  as  stated  above,  by  sifting 
mercuric  fulminate  upon  it  through  a piece  of  muslin  and  firing  with  a match. 
Silver  fulminate  is  used  in  toy  crackers,  such  as  the  pull  crackers,  where  it  is  mixed 
with  powdered  glass  to  increase  the  friction,  and  the  throw-down  crackers,  where  it  is 
twisted  up  in  thin  paper  with  some  fragments  of  quartz-pebble.  It  is  occasionally 
mixed  with  mercuric  fulminate  in  detonating  tubes,  to  raise  the  note  of  the 
report. 

Warm  ammonia  dissolves  silver  fulminate,  and  deposits,  on  cooling,  crystals  of 
silver -ammonium  fulminate,  NH,O.CN.O.NCAg,  which  is  even  more  violently  ex- 
plosive, and  is  dangerous  while  still  moist.  A similar  compound  is  formed  with 
mercuric  fulminate.  Potassium  chloride,  added  to  a hot  solution  of  silver  ful- 
minate, removes  only  half  the  silver  as  precipitated  chloride,  and  the  solution 
deposits  shining  plates  of  silver-potassium  fulminate,  KO.CN.O.NCAg,  which  is 
very  explosive.  By  the  careful  addition  of  nitric  acid,  the  K may  be  replaced 
by  II,  and  the  silver-hydrogen  fulminate,  ILO.CN.O.NCAg,  obtained,  which  dissolves 
easily  in  boiling  water  and  crystallises  on  cooling ; by  boiling  with  silver  oxide, 
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it  is  converted  into  silver  fulminate,  or,  with  mercuric  oxide,  into  silver-mercury 
fulminate. 

Zinc  and  copper  fulminates  may  be  obtained  by  decomposing  moist  mercuric 
fulminate  with  those  metals ; they  are  soluble,  crystalline,  and  explosive. 

Sodium  fulminate,  NaO.CN.ONCNa.2Aq,  is  obtained  by  the  action  of  sodium 
amalgam  on  an  aqueous  solution  of  mercuric  fulminate.  On  evaporating  over 
lime  and  sulphuric  acid,  the  sodium  salt  is  deposited  in  prisms  which  explode 
when  rubbed.  A crystalline  compound  of  single  molecules  of  sodium  fulminate 
and  mercuric  fulminate,  and  4Aq,  has  been  obtained. 

505.  Fulminuric  or  isocyanuric  acid,  HO.NC(OC.NH)„,  is  obtained  as  a potassium 
salt  by  boiling  mercuric  fulminate  with  potassium  chloride,  potassium  fulminate 
being  formed  first;  2(K0)2(CN)2  + 3H20  = K0.NC(0C.NH)2-t-KH0  + K2C0s-l-NH3- 
On  adding  silver  nitrate,  the  sparingly  soluble  silver  fulminurate  crystallises  out, 
and  by  decomposing  this  with  H„S,  and  evaporating  the  filtrate,  a solution  of  the 
acid  is  obtained,  which  crystallises  with  difficulty,  and  is  soluble  in  alcohol. 

When  silver  fulminurate,  AgO.NC(OC.NH)2,  is  heated  with  strong  HC1,  in  a sealed 
tube,  to  1x0°  C.,  it  yields  hydroxvlamine  hydrochloride,  NH2.OH.HCl,  correspond- 
ing to  one-third  of  the  nitrogen  present,  and  ammonium  chloride  corresponding  to 
the  other  two-thirds.  The  fulminurates  are  feebly  explosive. 

It  will  be  noticed  that  fulminuric  acid  is  metameric  with  cyanuric  acid. 


(CN)s(OH)r  7 

506.  Phenols. — Tlie  phenols,  or  oxybenzenes,  or  hydroxy  benzenes,  are 

derived  from  benzene  and  its  homologues  by  replacing  the  benzene-hydro- 
gen atoms  by  hydroxyl — e.g., phenol,  Cg1I..OH  ; orcin,  CGH3.CH3.(OH)2 ; 
pyrogallol,  C,.H3(OH)3.  If  the  hydroxyl  is  introduced  into  the  methyl 
group  instead  of  the  phenyl  group  in  the  homologues  of  benzene  (p.  476), 
an  alcohol  is  produced ; thus,  CGH..CIT2(OH)  is  benzyl  alcohol,  whereas 
CGH4(OH).CH3  is  methyl  phenol , or  cresol. 

"Phenols  are  distinguished  from  alcohols  in  combining  more  readily 
with  alkalies,  which  caused  them  originally  to  be  mistaken  for  acids. 
Thus,  sodium  phenyl  ate,  CGH..OHa,  is  formed  when  phenol  is  dissolv  ed  in 
sodium  hydrate,  whereas  sodium  ethylate,  C2H..ONa,  must  be  prepared 
by  decomposing  alcohol  with  sodium.  Again,  they  do  not  yield  aldehyds 
and  acids  when  oxidised ; and  when  acted  on  by  nitric  and  sulphuric 
acids,  they  yield  substitution-products,  whereas  the  alcohols  yield  ethereal 
salts  ■ thus,  phenol  yields  trinitroplienol,  or  picric  acid,  Cfll,(X02)3.0H, 
and  phenol-sulphonic  acid,  C0H4.OH.SO2.OH.  The  phenols  have  a great 
tendency  to  produce  coloured  products  of  oxidation,  and  ferric  salts 

generally  colour  them  intensely.  _ nTT 

Phenol , or  phenic  acid,  or  carbolic  acid,  or  hydroxybenzene,  LGH..OIi? 
is  extracted  from  that  portion  of  the  heavy  oil  of  coal-tar  which  boils 
between  150°  C.  and  200°  C.  This  is  allowed  to  cool,  when  it  deposits 
crystals  of  naphthalene,  and  is  then  well  stirred  with  caustic  soda  of 
sp.  gr.  1 .34.  On  standing,  two  layers  are  formed,  the  upper  consisting  of 
the  higher  homologues  of  benzene,  and  the  lower  of  an  aqueous  solution 
of  sodmm  phenylate.  This  is  diluted  with  water,  and  exposed  to  air, 
when  tarry  oxidation-products  separate,  and  the  liquid  is  neutralised  by 
successive  additions  of  sulphuric  acid,  which  first  precipitates  more  tarn- 
matters,  then  cresol  and  other  homologues  of  phenol,  and  finally  phenol 
itself  as  a light  oil,  which  is  purified  by  fractional  distillation  the  portion 
distilling  between  180°  C.  and  190°  C.  being  collected  and  artificiall) 

cooled,  when  the  phenol  crystallises  out.  _ . , , 

Phenol  is  present  in  small  quantity  111  urine,  and  m the  trunk,  leaves, 

•»“  °f,tl,e  “cE  »oT-CHO&"  bSU 

mixing  it  with  aluminium 
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chloride  and  passing  oxygen  gas  (see  p.  477)-  Benzene-sulphonic  acid 
(p.  476),  when  distilled  with  fused  potash,  yields  phenol — 

C„H5.SO„.OH  + KOH  = C6H5.OH  + KHSOs. 

Properties  of  phenol. — Phenol  crystallises  in  needles,  often°  several 
inches  long,  which  smell  strongly  of  coal-tar.  It  fuses  at  42  C.  and 
boils  at  182°  C.  Fused  phenol  is  slightly  heavier  than  water.  It  re- 
quires 1 5 parts  of  cold  water  to  dissolve  it,  and  dissolves  easily  in  alcohol 
and  ether.  It  becomes  pink  or  brown  when  kept,  from  the  presence  of 
some  impurity.  When  two  molecules  of  phenol  (198  parts)  are  heated 
with  one  molecule  (18  parts)  of  water,  and  cooled  to  4°  C.,  six-sided 
prisms  of  p>henol  aquate,  (C6H3.OH)2Aq,  are  obtained,  which  fuse  at  16  C. 
(6i°  F.),  and  dissolve  easily  in  water.  The  commercial  carbolic  acid 
crystals  generally  consist  of  the  aquate,  and  soon  become  liquid  when 
the  bottle  is  placed  in  warm  water.  It  has  a great  tendency  to  remain 
superfused  after  cooling,  solidifying  suddenly  on  opening  the  bottle. 
The  homologues  of  phenol,  which  accompany  it  in  coal-tar,  do  not  form 
crystalline  aquates.  Carbolic  acid  blisters  the  skin  immediately ; it  is 
very  poisonous,  and  arrests  fermentation  and  putrefaction,  so  that  it  is 
largely  used  as  an  antiseptic.  MacDougcdl’s  disinfectant  is  a mixture  of 
phenol  with  calcium  sulphite.  Calvert’s  disinfecting  powder  consists  of 
clay,  with  12  or  15  per  cent,  of  phenol. 

When  phenol  vapour  is  passed  through  a red-hot  tube,  it  yields  ben- 
zene, toluene,  xylene,  naphthalene,  anthracene,  and  phenanthrene.  The 
aqueous  solution  of  phenol  gives  a purple-blue  colour  with  ferric  chloride. 
With  ammonia  and  chloride  of  lime,  it  gives  a blue  colour.  With  the 
mixture  of  mercuric  nitrate  and  nitrous  acid  obtained  by  dissolving 
mercury  in  cold  nitric  acid,  it  gives  a yellow  precipitate,  which  dissolves 
with  a dark-red  colour  in  nitric  acid. 

Sulphuric  acid  (concentrated),  to  which  6 per  cent,  of  potassium 
nitrite  has  been  added,  gives  a brown  colour,  changing  to  green  and 
blue  when  gently  heated  with  phenol.  This  is  a general  reaction  for 
identifying  phenols. 

Bromine-water  added  to  an  aqueous  solution  of  phenol  produces  a 
pale  yellow  precipitate  of  tribromophenol,  C^-BBiq.OH,  which  redissolves 
until  the  bromine  is  in  excess.  This  affords  an  excellent  qualitative  and 
quantitative  test  for  phenol.  If  the  precipitate  be  warmed  with  water 
and  sodium  amalgam,  sodium  phenylate  is  produced,  which  gives  the 
smell  of  phenol  when  heated  with  dilute  sulphuric  acid. 

507.  By  passing  phenol  vapour  over  heated  zinc-dust,  it  is  converted 
into  benzene ; C6H..OH  + Zn  = CGH6  + Z11O.  This  is  a general  method 
for  the  conversion  of  phenols  into  the  corresponding  hydrocarbons. 

Phenol  forms  a crystalline  compound  with  CO,,  which  is  only  stable 
under  pressure,  and  may  be  obtained  by  heating  salicylic  acid  in  a sealed 
tube  to  260°  C.;  C6H4(OH).CO,H  = C6H5.0H.C02. 

Potassium-phenol , CBH..OK,  is  a soluble  crystalline  body  obtained  by 
heating  phenol  with  potassium  or  its  hydrate  or  carbonate. 

Hodium-phenol  is  obtained  in  a similar  way,  and  is  used  for  the  manu- 
facture of  salicylic  acid  (see  p.  524).  Other  metals  may  replace  the 
hydroxyl  hydrogen  of  phenol. 

Diphenyl  oxide,  or  phenyl  ether,  CBH5.O.C,.H5,  is  obtained  by  distilling  phenol 
with  aluminium  chloride.  Aluminium  phenol  is  first  formed ; 60SHS0H  + Al,Cla  = 
(C6HsO)cA12  + 6HC1  ; this  is  afterwards  decomposed  into  alumina  and  diphenyl 
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oxide,  (C6H50)8A12= A1203  + 3(C8H5),0.  It  forms  prisms,  fusing  at  28°  C.  and 
boiling  at  about  250°  C.  It  smells  like  the  geranium  leaf,  and  is  remarkable  for 
its  stability  under  the  influence  of  oxidising  and  reducing  agents.  Water  does 
not  dissolve  it,  but  alcohol  and  ether  do  so. 

Double  ethers  may  be  obtained  which  contain  alcohol  radicals  and  phenyl. 
Phenyl-methyl  ether,  C8H5.O.CH3,  is  prepared  by  passing  methyl  chloride  through 
sodium  phenol  at  200°  C.  It  is  a fragrant  liquid,  of  sp.  gr.  0.991,  boiling  at  1520. 
This  ether  is  identical  with  anisol,  obtained  by  distilling  anisic  acid  (p.  525)  with 
baryta.  Anisic  acid  is  thus  shown  to  be  a phenyl  and  methyl  derivative,  as 
implied  by  its  systematic  name  of  methyl-(para)oxybenzoic  acid,  its  formula, 
C8H4.CH3.0.C02H,  showing  it  to  be  derived  from  benzoic  (or  phenyl  carboxylic ). 
acid,  C8H5.C02H,  through  salicylic  or  hydroxybenzoic,  C8H4.H0.CO2H,  by  the 
replacement  of  the  hydroxyl  hydrogen  in  the  latter  by  methyl.  When  anisic 
acid  is  distilled  with  baryta,  C8H4.CH3.0.C02H  + Ba0  = BaC03+C8H,i.0.CH3. 
Salicylic  acid  yields  phenol  when  distilled  with  baryta;  C8H4.H0.C02H  + Ba0  = 
C8Hs.0H  + BaC03.  Benzoic  acid  yields  benzene — 


CgHs.C02H 


+ BaO  = 


c8h5.h 


+ BaCO, 


Methyl  salicylate,  or  wintergreen  oil,  C8H4.H0.C02.CH3,  is  metameric  with  anisic 
acid,  and  also  yields  phenyl-methyl  ether  when  distilled  with  baryta.  Hydriodic 
acid  heated  to  140°  C.  with  anisol,  in  a sealed  tube,  converts  it  into  phenol  and 
methyl  iodide  ; C8H5O.CH3  + HI  = C8H5.OH  + CHSI. 

When  ethyl  salicylate  is  distilled  with  baryta,  it  yields  phenyl-ethyl  ether, 
C8H5.O.C2H5. 

508.  Phenol  is  not  acted  on  by  acids,  as  alcohol  is,  yielding  ethereal  salts,  but 
corresponding  phenyl  compounds  are  obtained  by  indirect  processes.  When 
phenol  is  heated  with  phosphoric  chloride,  it  yields  Jluorobenzene  and  phenyl 
orthophosphate ; the  formation  of  chlorobenzene  proves  the  existence  of  hydroxyl 
in  phenol;  CbH5.OH  + PC15=PC1sO  + C6H5.C1+HC1.  The  phenyl  orthophosphate 
results  from  the  action  of  more  phenol  upon  the  phosphoryl  chloride — 

PC130  + 3C6H5OH  = PO(C6H50)3  + 3HC1. 

The  orthophosphate,  which  may  also  be  written  (C8H5)3P04,  crystallises  hi  needles,, 
fusing  at  450  C.,  soluble  in  alcohol  and  ether,  and,  without  change,  in  strong  sul- 
phuric acid.  Phenyl-pliosphoric  acid,  H2C8H5P04,  and  diphenyl-phosphoric  acid, 
H(C8H5)2P04,  are  formed  when  phosphoric  anhydride  acts  on  phenol.  The  for- 
mation of  phenyl-phosphoric  chloride,  PO(OC8Hs)C12,  and  diphenyl-phosphoric  chloride,. 
PO(OC6H5)2Cl,  by  the  action  of  phosphoryl  chloride  on  phenol,  renders  it  pro- 
bable that  the  above  acids  are,  respectively,  PO(OC6H5)(OH)2  and  PO(OC8H5)OH. 

Phenyl  carbonate,  CO(OC8Hr)„,  results  from  the  action  of  COCL  on  phenol  at 
150°  C. ; 2HOC6H5  + COC12=C6(OCgH5)2  + 2HC1.  Alcohol  deposits  it  in  needles 
fusible  at  78°  (J.  Some  phenyl  cldorocarbonate,  C0.C1.0C8H5,  is  formed  at  the 
same  time,  and  if  this  be  dissolved  in  ether  and  treated  with  ammonia,  phenyl 
carbamate,  CO.NH2.OC8H5,  may  be  obtained  in  crystals  from  the  ethereal  solution  ; 
CO.Cl.OaH,  + 2NH3= CO.NH2.OC8H5  + NH3.HCI. ' When  heated  with  NH3  to 
140°  C„  it  yields  phenol  and  urea  ; C0.NH2.0_C8H5  + NH3  = CO(NH2)2  + HO.C8H.. 

Phenyl-sulphuric  acid  is  unknown  ; potassium phenylsulpliate,  S02.0C6Hs.0K,  .is. 
obtained  by  the  prolonged  action  of  potassium  disulphate  on  phenol  dissolved  in 
potash  ; C8H,. OK  + 2S0..0II0K  = SO.,OC8H5.OK  + S02(0K)2  + H.,0.  The  product 
is  extracted  with  hot  alcohol,  from  which  it  crystallises  in  tables  soluble  in  water. 
It  is  decomposed  by  exposure  to  moist  air,  or  by  boiling  with  water  or  dilute 
HC1,  yielding  phenol  and  hydropotassium  sulphate— 

S02.0C8H6.0K  + HOH  = HO.C8H5  + SO.,OII.OK. 

Potassium  phenylsulphate  is  found  in  the  urine  in  small  quantity. 

Phenyl  acetate,  C8HvC„H302,  may  be  obtained  by  the  action  of  acetyl  chloride 
on  phenol  (again  proving  the  presence  of  the  HO  group) ; C8H5.OH  + C2H3u.<m- 
C6H,.0C„H30  + HC1.  It  is  a liquid  of  peculiar  smell,  and  boils  at  193  O.  a 
piece  of  hard  glass  tube  becomes  invisible  in  phenyl  acetate,  its  index  ot  retrac- 
tion for  light  being  the  same  as  that  of  the  liquid.  ..  . -> 

Phenyl  oxalate,  (C8H5)2C.,04,  is  obtained  by  heating  phenol  with  dried  oxahe  acid 
and  phosphoryl  chloride  ; 2CgH50H  + H.2C204-f  P0C13— (C8H5)2C204  + H 3t  j 
It  is  insoluble  in  water,  but  crystallises  in  prisms  from  alcohol.  . 

Phenyl  hydrosulphide,  or  thiophenol,  ox  phenyl-mercaptan,  C8H..bti,  is  ioirneu 
the  action  of  phosphoric  sulphide  on  phenol — 


SC.H.OH 


+ P.,S,  = 2C8ii5sh  + 2(C8HS)SP04  + 3H,S. 
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It  has  an  offensive  odour,  and  boils  at  170°  C.  Its  extra-radical  hydrogen  is 
replaceable  by  metals,  as  usual  with  mercaptans.  With  mercuric  oxide,  it  yields 
mercuric  thio-phenol,  (C6H.S),Hg.  When  mixed  with  ammonia  and  exposed  to  air, 
phenyl  hydrosulphide  is  converted  into  diphenyl  disulphide,  a crystalline  solid; 
tC  H SH  + 0 = (C,.HA,S.,  + H„0.  Diphenyl  sulphide,  (CGH3)2S,  is  obtained  by  distil- 
ling sodium  benzene-sulphonate  with_B2S3.  » ;is  aii  offensive  liquid,  boiling  at 
about  280°  C.  Nitric  acid  converts  it  into  sidphobenzule,  (C8H3)2&02,  which  is  also 
produced  by  the  action  of  sulphuric  anhydride  on  benzene 

2C8H3H  + 2SO3  = (C8H5)2S02  + H#S04. 

coo.  Phenyl-chloride,  or  cldorobenzene,  CaH3Cl,  phenyl  bromide,  or  bromobenzene, 
cJuBr,  and  phenyl  iodide,  or  iodobenzene,  0,HaI,  are  obtained  by  the  action  of  the 
halogens  on  benzene,  and  are  liquids  boiling  at  132  C.,  154  C.,  and  185 

Ve3luo7obmzene,  C8H3F,  has  been  obtained  by  the  action  of  hydrofluoric  acid  on 
benzene  di-azopiperidide,  and  is  a liquid  of  sp.  gr.  1.024,  boiling  at  84  C. 

cio  Phenvl  like  the  .alcohol  radicals,  forms  organo-mineral  compounds. 
Mercury  di-phenyl,  Hg(C8Hs)2,  is  formed  when  sodium  amalgam  acts  on  bromo- 
benzene. It  is  a fusible  crystalline  solid,  subliming  almost  unchanged,  insoluble 
in  water,  and  sparingly  soluble  in  alcohol  and  ether,  but  soluble  in  benzene. 
When  heated,  in  a sealed  tube,  with  HgCL  and  alcohol,  it  yields  mercury-phenyl 
chloride,  HgC  H Cl,  and  by  decomposing  this  with  silver  hydrate,  mercury -phenyl 
hydroxide,  HgC,iL.OH,  is  obtained  as  a crystalline  strongly  alkaline  base.  = 

51 1.  When  mercury  diphenyl  is  heated  with  phosphorous  chloride  to  180  C.,  it 
yields  phos-phenyl  dichloride,  PC8H6C12,  a liquid  which  combines  with  chlorine  to 
form  crystals  of  phos-phenyl  tetrachloride,  PC„H5C1,.  When  phos-phenyl  dichlonde 
is  decomposed  by  water,  it  gives  phos-phenylous  acid,  a crystalline  monobasic  acid 
which  forms  a white  insoluble  ferric  salt.  This  acid  might  be  expected  to  contain 
two  hydroxyl  groups  replacing  the  Cl2  in  phos-phenyl  dichloride,  but  when  it  is 
heated  with  phosphoric  chloride,  it  yields  phos-phenyl  oxychloride,  CGH3P0C12,  show- 
ing that  the  formula  of  the  acid  is  CBH3.PHO(OH),  and  the  action  of  phosphoric 
chloride  upon  it  is  CBH3.PH0V0H)4-2PC13=CBH3PC10.C1  + P0C13  + PC13+2HC1. 

Phos-phenyl  tetrachloride,  when  decomposed  by  water,  gives  phos-phenyhc  acid, 
C0H3PO(OH)2,  a crystalline  dibasic  acid,  which  is  decomposed  at  ioo°  C.  into 
benzene  and  metaphosphoric  acid,  HP03.  When  acted  on  by  nitric  acid,  it  yields 
nitro-phos-phen ylic  acid,  C6H4.N02.P0(0H)2,  and  this  gives  amido-phos-phenylic 
acid,  C8H4.NH2.PO(OH).„  when  reduced  by  tin  and  hydrochloric  acid.  Acted 
on  by  N.,03,  "in  a nitric  solution,  this  yields  di-azophosphenylic  acid  nitrate, 
CbH4.N.,N03.'P0(0H)2,  a colourless  crystalline  explosive  body,  giving  yellow  solu- 
tions in  water  and  alcohol,  and  forming  yellow  and  red  explosive  salts.  When 
phosphenyl  dichloride  is  treated  with  "hydriodic  acid,  and  the  solid  product 
(PC6H3L.HI)  decomposed  by  alcohol,  it  yields  phenyl-phosphine,  or  phosphanihne, 
PH„.C6H3,  a liquid  of  intense  and  repellent  odour,  boiling  at  160°  C.,  and  absorb- 
ing oxygen  from  the  air  to  form  the  soluble  crystalline  phenyl-phosphine  oxide, 
C8H~PH20.  Phenyl-phosphine  combines  with  HI  to  form  plienyl-phosphonvuin 
iodide,  PH3C8H3I,  which  yields  a crvstalline  platinum-salt.  Di-ethyl-phenyl-phos- 
phine,  PC8H3(C2H3)2,  is  a liquid  boiling  at  220°  C.,  resulting  from  the  action  of 
zinc  ethide  on  phosphenyl  dichloride.  It  combines  with  ethyl  iodide  to  form 
tri-ethyl-phenyl-pliosplionium  iodide,  PC6H5(C2H6)3I,  the  solution  of  which,  when 
boiled  with  silver  oxide,  yields  the  corresponding  hydrate,  PC8H3(C2H3)3OII,  as  a 
crystalline  base. 

When  phosphenyl  dichloride  is  exposed  to  moist  air,  it  deposits  a yellow 
insoluble  body,  P4HC„H3,  corresponding  to  solid  hydric  phosphide,  P4H2.  Di- 
phenyl-phosphine, PH(CbH3)2,  is  produced  by  acting  with  sodium  hydrate  on 
diphenyl  phosphorous  chloride,  PC1(CGH3)2,  which  is  a result  of  the  action  of 
mercury  phenyl  on  phosphenyl  dichloride.  Diphenyl  phosphine  is  a liquid,  boil- 
ing at  280°  0.  It  has  an  offensive  odour,  and  does  not  exhibit  basic  properties. 
Methyl-diphenyl-pliosphine,  PCH3(CGH3)2,  is  a liquid,  boiling  at  284°  C.,  formed 
when  zinc  methyl  acts  on  PC1(C8H5)2. 

Triphenyl-phosphine,  P(C8H3)3,  is  formed  by  the  action  of  sodium  on  chloro- 
benzene and  phosphorous  chloride  dissolved  in  ether;  3CBH5C1+  PCl34-Na8= 
P(C8H5)3  + 6NaCl.  It  forms  yellow  crystals,  having  little  smell,  fusing  at  790  C., 
and  boiling,  in  an  atmosphere  of  nitrogen,  at  about  360°  C.,  with  slight  decom- 
position. It  dissolves  in  alcohol  and  ether,  and  in  strong  HC1,  from  which  water 
precipitates  it.  Chlorine  does  not  act  upon  it,  even  when  heated.  By  dissolving 
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it  in  hot  hydriodic  acid,  triphenyl-phosphonium  iodide,  P(C6H5)3HI,  may  be  crystal- 
lised; it  is  decomposed  by  water.  By  treating  triphenyl -phosphine  with  HC1 
and  KC10S,  ^ is  converted  into  P(C(iH5)3(OH)2,  which  loses  H„0  at  100°  C., 
becoming  triphenyl-phosphine  oxide,  P(C(.H5).,0,  a solid,  fusing  at  1540  C.,  and  boil- 
ing at  360°  C.  The  corresponding  sulphide,  P(CUH5)3S,  crystallises  from  a solu- 
tion of  the  phosphine  and  sulphur  in  CS2.  The  nitrate,  P(C6H5)3(N03)2,  crystal- 
lises from  solution  of  triphenyl-phosphine  in  strong  nitric  acid. 

Triphenyl-phosphine  combines  readily  with  the  iodides  of  alcohol  radi- 
cals ; thus,  with  methyl  iodide,  it  forms  triphenyl-methyl-phosphonium  iodide, 
P(C6H5)3CH3I ; when  this  is  decomposed  by  silver  hydrate,  the  corresponding 
hydroxide  is  produced  at  first,  but  this  soon  decomposes  into  benzene  and 
methyl-diphenyl-phosphine  oxide  ; P(C6H5)3CH3.OH  = C6H5.H  + P(C6H5)2CH3.0, 
showing  that  the  third  phenyl  group  is  less  strongly  attached  to  the  phosphorus 
than  the  methyl  group. 

Methylene-hexphenyl-phosphonium  iodide,  P2(C6H5)6(CH2)'T2,  formed  on  the  type 
2NH4I,  is  obtained  from  triphenyl-phosphine  and  methylene  iodide,  CH2I2.  The 
corresponding  ethylene  compound  is  also  known. 

By  acting  on  triphenyl-phosphine  oxide  with  a mixture  of  nitric  and  sulphuric 
acid,  the  tri-nitro-compound  P(CsH,.N02)30  is  obtained,  which  is  reduced  by  tin 
and  PI  Cl  to  the  amido-compound  P(CBH4.NH2)30,  which  crystallises  in  red  plates 
from  hot  water,  and  forms  soluble  salts.  By  boiling  this  with  acetic  anhydride, 
half  of  the  amido-hydrogen  may  be  exchanged  for  acetyl,  producing  the  com- 
pound P(C„H4.NH.C2H30)30,  which  fuses  at  1860  C.  without  decomposing. 

Diphosphevyl,  or  phosphobenzene,  CUH5P2CBH5,  is  prepared  by  acting  on  phenyl- 
phosphine  with  phosphenyl  dichloride  in  an  atmosphere  of  hydrogen — 

PH2C6H5  + PC6H5C12  = C6H5P2C6H  + 2HCI. 

It  is  a yellow  crystalline  body,  soluble  in  benzene.  It  corresponds  in  composition 
to  azobenzene,  but  is  less  stable,  becoming  converted  into  (C6H5P)20. 

512.  The  ar sen-phenyl  compounds  correspond,  for  the  most  part,  to  the  phosphorus 
compounds,  but  the  arsen-plienyl  dichloride,  AsC6H3Cl„,  is  not  decomposed  by  water, 
even  on  boiling. 

Boro-phenyl  dichloride,  BC6H5C12,  is  prepared  like  the  corresponding  phosphorus 
compound.  When  decomposed  by  water,  it  yields  crystallised  boro-phenylous  or 
phenylboric  acid,  BC0H5(OH)2,  which  has  powerful  antiseptic  properties,  as  would 
be  expected  from  its  connexion  with  boric  acid  and  phenol,  both  strongly 
antiseptic  compounds.  Boro-phenylous  acid,  even  when  dissolved  in  25,000  parts 
of  water,  gives  a precipitate  of  phenyl  mercuric  chloride  on  adding  solution  of 
mercuric  chloride ; HgCl2  + BC6H5(0H)2+H20  = HgC6H5Cl  + HCl  + B(0H)3. 

The  silicon-phenyl  compounds  have  a special  interest  on  account  of  the  resemblance 
of  silicon  to  carbon.  Silico phenyl  trichloride,  SiivC6H5Cl3,  prepared  by  heating 
mercury  diphenyl  with  silicon  tetrachloride,  is  a fuming  liquid  boiling  at  1970  C. 
When  decomposed  by  water,  it  yields  sili co-benzoic  acid,  C6H5.Si.O.OH,  or  benzoic 
acid,  CsHr.CO„H,  in  which  carbon  is  replaced  by  silicon — 

SiCcH5Cl3  + 2H.,0  = SiCfiH5.O.OH  + 3HCI. 

The  acid  is  soluble  in  ether,  like  benzoic,  and  is  left  on  evaporation  as  a transparent 
glass  which  fuses  at  920  C.  When  distilled  with  potash,  it  yields  benzene  and 
potassium  silicate,  just  as  benzoic  acid  yields  the  carbonate— 

C„H5.Si02H  + 2KOH  = C6H5.H  + K2Si03  + H20. 

The  silicobenzoates  have  not  been  prepared.  Tri-ethyl-silicon-phenyl,  SiC6H5(C2Hs)3, 
formed  by  heating  the  trichloride  with  zinc-ethyl,  is  a liquid  boiling  at  230°  C. 
Silicon  tetraplienyl,  Si(C0H5)4,  the  analogue  of  methane,  is  obtained  by  the  action  of 
sodium  on  chlorobenzene  and  silicon  tetrachloride  dissolved  in  ether,  with  a 
little  acetic  ether  to  start  the  action.  It  is  sparingly  soluble  in  alcohol  and 
ether,  but  may  be  crystallised  from  benzene.  It  fuses  at  228°  C.,  and  boils  above 
360°  C.  When  ignited,  it  burns  entirely  away,  the  Si02  being  carried  off  in  light 

Hakes.  . ... 

513.  Tin  also  forms  organo-metallic  phenyl-compounds,  obtained^  by  similar 
methods  ; tri- ethyl-tin-phenyl,  Sniv06H8(C2H5)8,  a liquid,  boiling  at  254  f -,  is  pie- 
pared  by  the  action  of  sodium  on  ethereal  solution  of  bromobenzene  and  tm-tri- 
ethyl  iodide,  Sn(C2H,).,I.  Strong  HC1  converts  it  into  C„H5.H  and  Sn(C2IiJ301. 

Tin-diphenyl-dicfdoride,  Sn(CeH5)2Cl2  is  obtained  by  boiling  stannic  chloride  and 
mercury-diphenyl  with  petroleum  spirit ; it  crystallises  111  prisms  which  yield 
stannic  chloride  and  benzene  with  strong  HC1.  The  corresponding  oxk  e, 
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Sn(CGH5).,0,  and  hydroxychloride,  Sn(CGH5)2.OH.Cl  have  been  obtained.  Tin- 
triphenyl  chloride , Sn(C6H5)3Cl,  has  also  been  prepared. 

Antimony-triphenyl,  Sb(UGH5)3,  is  a crystalline  body  obtained  by  the  action  of 
sodium  on  bromobenzene  and  antimonious  chloride  dissolved  in  benzene. 

514.  Diphenyle  or  phenyl-phenyle,  C6H5.CGH5,  is  prepared  by  the  action  of  sodium 
on  bromobenzene  dissolved  in  ether ; 2C8H5Br  + Na2=  (CGH5)2  + zNaBr.  It  may  also 
be  obtained  by  passing  benzene  vapour  over  red-hot  pumice-stone ; 2C6H5H  = 
(C6Hs)2  + H, ; or  by  distilling  potassium  phenol  with  potassium  benzoate — 

C6H5.OK  + CGH5.C02K  = (C„H5)2  + K2C03 ; 
potassium  oxalate  may  be  substituted  for  benzoate ; 2CGH5OK  + (COOK)2  = 
(CUII.)2  + 2CO(OK)2.  It  is  also  found  among  the  last  products  of  the  distillation 
of  coal-tar  (at  about  260°  C.).  Diphenyl  crystallises  from  alcohol  or  ether  in 
leafy  crystals  which  have  a pleasant  odour  and  are  insoluble  in  water.  It  fuses 
at  70°  C.,  and  boils  at  2540  C.  When  it  is  dissolved  in  glacial  acetic  acid,  and 
treated  with  chromic  acid,  one  of  the  CGH5  groups  is  destroyed,  while  the  other 
forms  benzoic  acid,  C(.H5.C02II.  One  atom  of  hydrogen  in  diphenyl  may  be  re- 
placed by  other  radicals,  producing  chloro-diphenyl,  C12H9C1,  hromo-diphenyl,  C12H8Br, 
cyano-diphenyl,  C12H9CN,  nitro-diphenyl,  C12H9N02,  and  amido-diphenyl,  C12H9NH2. 

Imido-diphenyl,  or  carbazol,  CgH4(NH)''Cg"H4,  is  formed  when  phenylamine  (aniline) 
vapour  is  passed  through  a red-hot  tube  ; 2NH2CGH.  = (CGH4)2NH  + NH3+H2.  It 
is  also  obtained  at  the  end  of  the  distillation  of  coal-tar,  and  as  a secondary 
product  in  the  preparation  of  aniline.  It  crystallises  in  plates,  fusing  at  238°  C., 
and  boiling  at  354"  C. ; it  is  soluble  in  alcohol  and  ether.  Acridine,  isomeric  with 
carbazol,  accompanies  it  in  coal-tar,  but  fuses  at  107°  C.,  and  combines  with  acids. 
It  has  a very  irritating  action  on  the  skin. 

Diphenyl-sulphonic  acid,  C12H9.SO.,.OH,  and  diphenyl-disulphonic  acid — 

C12H8(SO.OH)2, 

are  obtained  when  diphenyl  is  heated  with  sulphuric  acid ; the  former  is  charac- 
terised by  the  insolubility  of  its  copper  salt.  When  these  are  distilled  with 
potash,  they  yield  phenyl-phenol,  C12H9.OH,  or  C6H4.CGH5.OH,  and  diphenol, 
CJ2Hs(OH)2,  or  HO(CGH4)2OH.  Diphenylene  oxide,  (C,.II is  formed  when  phenol 
is  heated  with  lead  oxide  ; 2 C, .If. OH  + PbO  = (CGH4)20  + 2H20  + Pb.  It  is  insoluble 
in  water,  but  crystallises  from  alcohol  and  ether ; it  has  a pleasant  smell,  fuses 
at  8o°  C.,  and  boils  at  287°  C. 

Cceridignone,  C12H4(0CH3)4(02)",  is  obtained  among  the  products  of  distillation 
of  wood  ; it  is  insoluble  in  ordinary  solvents,  but  crystallises  from  phenol  in  blue 
needles.  It  was  formerly  called  cedriret,  from  cedria,  pitch,  and  rete,  a net,  in 
allusion  to  its  interlaced  crystals.  Tin  and  hydrochloric  acid  convert  it  into 
hydro-ccerulignone,  C12H4(OCH3)4(OH)2,  which  forms  colourless  crystals.  When 
this  is  heated  to  200°  <J.  with  HC1,  it  yields  methyl  chloride  and  hexhydroxy- 
diphenyl;  C12H4(OCH3)4(OH)2  + 4HC1  = 4CH3C1  + C12H4(OH)g;  this  compound  forms 
silvery  crystals  which  dissolve  in  potash  with  a blue  colour ; when  heated  with 
zinc-dust,  it  is  reduced  to  diphenyl,  (CGH5)2. 

515.  Methene  - diphenyl,  or  diphenyl -methane,  CH2(CGH5)2,  or  benzyl  - benzene, 
C6H5(C,Hj),  is  obtained  by  heating  a mixture  of  benzene  and  benzyl  chloride  with 
zinc-dust ; 2C6H5H  + 2(C6HvCH2.Cl)  + Zn  = 2C6H5(C7H,)  + ZnCl2+H2.  It  crystallises 
in  needles  which  smell  like  the  orange,  and  dissolve  in  alcohol  and  ether  ; it  fuses 
at  26°  C.,  and  boils  at  261°  C.  Potassium  dichromate  and  sulphuric  acid  oxidise 
it  to  diphenyl-ketone ; CgH5.CH2.C6H5  + 02=C6H5.C0.C6H5  + H20.  By  substituting 
phenol  for  benzene  in  the  preparation  of  diphenyl  - methane,  benzyl -phenol, 
CGH5.C7HG(OH),  is  obtained  in  crystals,  fusing  at  84°  C.  This  is  isomeric  with 
benzhydrol,  CGH5.CH(OH).C,.H5  produced  by  the  action  of  sodium  amalgam  on  an 
alcoholic  solution  of  benzop)ienone  (diphenyl-ketone). 

Diphenyl-ketone  accompanies  the  benzene  obtained  by  distilling  calcium  benzoate ; 
(C6H5.C02)Ca=  C6H5.CO.C6Hs  + CaC03.  It  may  also  be  obtained  by  heating  benzoic 
acid  with  benzene  and  P205;  C6H5.CO.0H  + C6H5.H  + P205=C6H5.C0.C6H5  + 2HP03. 
It  crystallises  in  prisms  which  are  insoluble  in  water,  but  dissolve  in  alcohol. 

Diphenic  acid  (CGH4)2(C02H)2  is  obtained  by  oxidising  phenanthrene,  C,,H10 
(p.  480),  with  Cr03.  When  'distilled  with  lime,  it  yields  diphenylene-ketone, 
(C6H4)CO(C6H  ),  which,  when  heated  with  zinc-dust,  gives  diphenylene-methane,  or 
jluorene,  (C6H4)CH2(CGH4),  which  is  found  in  the  last  runnings  (300°~305°)  from 
coal-tar,  and  crystallises  from  alcohol  with  a blue  fluorescence.  When  oxidised  it 
is  reconverted  into  the  ketone.  Nascent  hydrogen  converts  it  into  the  secondary 
alcohol,  diphenylene-carbinol,  or  Jluorene  alcohol,  (C6H4)2.CH.OH. 
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516.  Chlorophenol,  C6H4C1.0H,  and  the  corresponding  bromine  and  iodine  substi- 
tution-products are  obtained  by  the  action  of  those  elements  on  phenol.  Nitrophenol,. 
C6H4(N02)0H,  dinitrophenol,  CgH3(N02)2.0H,  and  trinitrophenol,  C8H2(NO.!)3.OH,  are 
produced  when  nitric  acid  acts  on  phenol.  The  last  is  known  as  picric  acid  (p.  540). 
Nitfosophenol,  CBH4(NO)OH,  is  produced  by  a very  indirect  process.  By  reducing 
nitrophenols  with  tin  and  HC1,  the  N02  group  is  converted  into  the  NH2  group, 
and  amido-phenols  are  produced.  Dinitro-  and  trinitrophenols  admit  of  a partial 
conversion  of  the  NO.,  groups,  so  that  amido-nitro-phenols  are  found. 

Picramic-acul,  or  amido-dinitrophenol,  CBH2(N02)2NH2.0H,  is  prepared  by  reducing 
ammonium  picrate  in  alcoholic  solution  by  passing  hydric  sulphide,  evaporating 
to  dryness,  and  decomposing  the  ammonium  picramate  with  acetic  acid — 
CBH2(N02)3.0NH4  + 3H2S  = CBH2(N02)2NH2.0NH4  + 2H20  + S3. 

The  picramic  acid  crystallises  in  red  needles,  which  fuse  at  165°  C.  It  is  soluble 
in  water  and  alcohol,  forming  red  solutions,  which  become  blood-red  on  adding  an 
alkali.  The  change  of  the  yellow  colour  of  potassium  picrate  to  the  dark  red  of 
potassium  picramate  by  the  action  of  a reducing  agent  in  the  presence  of  excess 
of  potash,  is  employed  in  the  examination  of  urine  for  the  detection  and  estimation 
of  glucose,  which  easily  converts  the  picrate  into  picramate  when  heated.  The 
picramates  of  potassium  and  ammonium  form  dark  red  crystals.  Silver  picramate 
is  a red  precipitate. 

517.  Phenol-sulphonic , CBH4.0H.S020H,  and phenol-disulphonic  acid — 


CBH3.OH(SO.,OH)2, 

are  obtained  by  dissolving  phenol  in  strong  sulphuric  acid,  S02.0H.0H,  of  which 
one  of  the  OH  groups  removes  an  atom  of  phenol-hydrogen,  forming  HOH,  and 
replacing  it  by  the  sulphuric  acid  residue,  S02.0H. 

Phenyl-phenylene  sulplionic  acid,  0f.H5.C6H4.S020H,  is  formed  when  sulphuric  acid 
acts  on  diphenyl,  (G6H5),.  When  fused  with  potash,  it  yields  phenyl-phenol, 
CBH4.CBH5.OH,  a crystalline  solid,  which  vaporises  easily  with  steam— 

C6H5.C6H4.S020H  + KOH  = SO. OH. OK  + C6H4.CfiH,!.OH. 

When  benzene-sulphonic  acid,  CBH..S020H  (p.  476),  is  treated  with  nitric  acid, 
it  is  converted  into  nitrobenzene-sulphonic  acid,  C6H4.N02.S020H,  which  may  also 
be  produced  with  nitrobenzene,  CBH5.N02,  and  fuming  sulphuric  acid.  By  the 
action  of  reducing  agents,  this  becomes  amidobenzene-sulplionic  acid,  or  sulphanuic 
acid,  CBH..NH.,.S620H,  which  is  a product  of  the  action  of  sulphuric  acid  on 
aniline  C H ,NH„.  Nitrous  acid  converts  amidobenzene-sulplionic  acid  into 
di-azobenzene-sulphonic  acid ; CBH4.NH2.S020H  + HN02=C6H4.N.N.S03  + 2H20  (see 
p.  582).  When  the  potassium-salt  of  this  acid  is  treated  with  sulphurous  acid,  it 
yields  the  potassium  salt  of  phenyl-hydrazine-sulphonic  acid — 

CfiH4.N.N.SOsK  + 2H2S03  + 2H..0  = CaH5.NH.NH;,.S03K  + 2H.,S04. 

518.  Phenyl-hydrazine , CGH5.NH.NH8,  ov  phenyl-imide-amide,  is  pre- 
pared by  dissolving  aniline  (x  part  by  weight)  in  strong  hydrochloric  acid 
(20  parts),  cooling  by  adding  ice,  and  slowly  adding  an  ice-cold  solution 
of  sodium  nitrite  (0.75  parts)  in  water  (4  parts).  The  aniline  hydro- 
chloride is  thus  converted  into  di-azobenzene  chloiide 

C6HsNH2.HC1  + HN02  = CyHN.N.Cl  + 2H20. 

A solution  of  stannous  chloride  (4.5  parts)  in  an  equal  weight  of  hydro- 
chloric acid  is  now  carefully  added  ■ this  converts  the  di-azobenzene 
chloride  into  phenyl-hydrazine  hydrochloride,  which  is  precipitated— 
CgHgN.N.Cl  + 4HCI  + 2S11CL  = CgH6.NH.NH2.HCl  + 2SnCl4. 

The  precipitate  is  washed  with  a mixture  of  alcohol  and  ether,  dis- 
solved in  a little  water,  and  decomposed  by  strong  NaliO,  when  the 
hydrazine  falls  as  an  oily  layer,  which  is  freed  from  water  by  distilling 

with  potassium  carbonate.  . ,.  . , «. 

Phenvl-hydrazine  is  thus  obtained  as  a colourless  aromatic  liquid  or 
sp.  gr.  1. 091,  and  boiling  point  234  G.  It  solidifies  in  a leezuifr, 
mixture,  forming  tabular  crystals  fusing  at  230  0.  It  is  sparingly 
soluble  in  cold  water,  but  dissolves  in  alcohol  and  ether.  Pheny 
hydrazine  is  a strong  reducing  agent  and  absoi  s ox)0en  lom  • 
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becoming  brown.  It  reduces  alkaline  cupric  solution,  even  in  the  cold, 
precipitating  yellow  cuprous  hydrate,  and  evolving  nitrogen,  while 
aniline  and  benzene  are  found  in  the  solution.  This  is  a general  reaction 
for  identifying  hydrazines,  and  may  also  be  employed  for  di-azo  com- 
pounds by  boiling  their  aqueous  solutions  with  hydropotassium  sul- 
phite, to  reduce  them  to  hydrazines,  and  adding  potash  and  alkaline 
cupric  solution.  It  also  reduces  mercuric  oxide  in  the  cold,  forming 
nitrogen,  aniline,  benzene,  and  mercury-diphenyle.  Solution  of  phenyl- 
hydrazine  hydrochloride  mixed  with  sodic  acetate  forms  a general  test 
for  aldehycls  and  ketones,  with  which  it  forms  insoluble  oily  or  crystal- 
line compounds,  thus  precipitating  them  from  their  aqueous  solutions. 
It  is  a monacid  base,  and  forms  crystalline  salts. 

Phenyl -hydrazine  represents  a class  of  organic  compounds  which  con- 
tain a tetratomic  group  composed  of  two  atoms  of  triatomic  nitrogen, 
ZN — NZ.  They  may  be  regarded  as  derived  from  a di-ainidogen  group, 
H2N.NHr  When  one  atom  of  H in  this  group  is  replaced  by  a radical, 
as  in  the  case  of  phenyl-hydrazin,  a 'primary  hydrazine  is  formed,  while 
the  displacement  of  H„  gives  a secondary  hydrazine,  such  as  diphenyl 
hydrazine,  (C6Hj)2N.NH„  which  is  metameric  with  hydrazobenzene — 

C6Hs.  HN2H.  CgHs. 

When  phenyl  hydrazine  acts  upon  ethyl  aceto-acetate,  it  yields  water  and  an 
oil  having  the  composition  C12H18N.,02 — 

c8h8n2  + ch2.c2h2o'c62.c2h5  = H„0  + Cl2H18N202. 

This  substance  is  decomposed  at  ioo°  C.  into  alcohol  and  oxymethylquinizine, 
CI0H1(jN2O,  a fusible,  volatile,  crystalline  solid.  When  this  is  heated,  in  a sealed 
tube,  with  methyl  iodide  and  methyl  hydrate,  it  is  converted  into  dimethyloxy- 
quinizine , CnHI2N20,  or  antipyrine,  which  crystallises  in  needles,  fusing  at  113°  C., 
and  giving  a green  crystalline  precipitate  with  nitrous  acid.  This  substance  is 
used  in  medicine  as  a febrifuge. 

Hydrazine,  (NH2)2,  has  been  recently  obtained  as  a strongly  alkaline  gas,  very 
soluble  in  water,  and  having  a peculiar  odour,  only  slightly  resembling  that  of 
ammonia.  It  is  a powerful  reducing  agent,  and  forms  salts  with  the  acids. 

519.  Diphenols,  or  dihydroxybenzenes. — Pyrocatechin,  CGH4(OH)2, 
may  be  obtained  by  fusing  phenol-sulphuric  acid  with  potash — 
C8H5.SO.,OH  + KOH  = C8H,(OH)2  + KHS02. 

It  is  found  among  the  products  of  distillation  of  catechu,  an  astringent 
body  extracted  by  boiling  water  from  the  inner  bark  wood  of  Acacia 
catechu,  and  used  in  tanning.  Kino,  a similar  extract  from  certain 
varieties  of  Pterocarpus,  an  Indian  tree  of  the  same  botanical  order, 
also  furnishes  it  • as  do  most  vegetable  extracts  which  contain  tannin. 
The  leaves  of  the  Virginia  creeper,  a plant  of  the  vine  order,  contain 
pyrocatechin.  It  is  present  in  crude  pyroligneous  acid  distilled  from 
wood,  and  is  said  to  be  formed  when  cellulose,  starch,  or  sugar  is  heated 
between  200°  and  280°  C.  Pyrocatechin  crystallises  in  prisms  which 
fuse  at  1020  C.,  and  boil  at  245°  C.,  though  it  begins  to  sublime  below  its 
fusing  point.  It  is  very  soluble  in  water,  alcohol,  and  ether.  It  is  a 
reducing  agent,  precipitating  Cu.,0  from  alkaline  cupric  solutions  on 
warming,  and  reducing  silver  nitrate  in  the  cold.  In  presence  of 
alkalies  it  absorbs  oxygen  from  the  air,  becoming  brown.  With  ferric 
chloride,  it  gives  a green  colour,  changed  to  red  by  alkalies.  Nitric  acid 
oxidises  it  to  oxalic  acid.  It  has  weak  acid  properties,  and  was  formerly 
called  oxyphenic  acid. 

Guaiacol,  or  methylpyrocatechin,  C15I-h.OH.OCH3,  may  be  obtained  by  distilling 
guaiacum,  a resinous  exudation  from  the  West  Indian  tree,  called  lignum  vita:. 
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The  distillate  is  dissolved  in  ether,  and  mixed  with  alcoholic  potash,  which  pro- 
duces a crystalline  mass  of  potassium  guaiacol,  which  is  washed  with  ether  and 
decomposed  by  dilute  sulphuric  acid.  It  is  also  produced  by  heating  to  180“  C. 
a mixture  of  pyrocatechin,  potassium  sulphomethylate,  and  potash — 

C6.H4(OH)2  + KCH3S04  + KOH  = CuH4.OH.OCH3  + K2S04  + HOH. 
Beech-wood  kreasote  also  contains  it.  Guaiacol  is  a colourless  aromatic  liquid 
of  sp.  gr.  1. 1 2,  boiling  at  200°  C.  It  mixes  sparingly  with  water,  but  easily 
with  alcohol.  It  gives  an  emerald-green  colour  with  ferric  chloride,  and  acts  as 
a reducing  agent  in  alkaline  solutions.  When  heated  with  hydriodic  acid,  it 
yields  methyl  iodide  and  pyrocatechin;  C8H4.OH.OCH3  f HI  = CGH4(OH)2  + CH3I. 
It  has  the  properties  of  a weak  acid.  When  potassium  guaiacol  is  heated  with 
methyl  iodide,  it  yields  veralrol,  or  methyl  guaiacol;  C(.H4.OK.OCH3  + CH3I  = 
CgH4(OCH3)2  + KI.  Veratrol  is  an  aromatic  liquid,  which  may  also  be  obtained 
by  heating  with  baryta  the  veratric  ( [cliviethyl-protocatechuic ) acid,  extracted  from 
sabadilla  seeds  (p.  602);  CGH3(0CH3)2.C02H  + Ba0  = CGH4(0CH3)2  + BaC03. 


520.  Resorcin,  CGH4(OH)„,  is  another  dihydroxybenzene  (meta)  or 
phenol,  which  was  named  from  resin,  being  obtained  from  several 
bodies  of  that  class,  and  orcin,  with  which  it  is  homologous.  It  is  now 
prepared  on  a large  scale  for  the  manufacture  of  colours  by  the  action 
of  caustic  alkalies  on  benzene-disulplionic  acid.  This  acid  is  prepared 
by  gradually  adding  benzene  (4  parts)  to  fuming  sulphuric  acid, 
sp.  gr.  2.244  (15  parts),  gently  heating  for  some  hours,  and  finally  to 
275°  C. ; C6Hg  + 2H„S04  = C6H4(S02.0H)2  + 2H20.  The  benzene  {meta) 
disulphonic  acid  forms  a deliquescent  crystalline  mass  on  cooling.  This 
is  dissolved  in  a large  quantity  of  water,  neutralised  with  lime,  and 
strained  from  the  calcium  sulphate  formed  by  the  excess  of  sulphuric 
acid.  The  solution  of  calcium  benzene-disulphonate  is  decomposed  by 
Na„CO. , the  precipitated  CaC03  filtered  off,  the  solution  evaporated  to 
dryness,  and  the  residue  of  sodium  benzene-disulphonate  fused  with 
2 1 times  its  weight  of  caustic  soda,  at  270'  C.,  for  eight  or  nine  hours; 
CGH4(S02.0Fa)2  + 2NaOH  = C6H4(OH)2  + 2S03Na2.  The  fused  mass  is 
dissolved  in  hot  water,  and  boiled  with  HC1  till  all  the  feO„  is  expelled. 
The  resorcin  is  then  extracted  from  the  cooled  aqueous  solution  by 
agitation  with  ether,  and  is  obtained  in  crystals  when  the  ethei  is  dis- 
tilled off. 

Resorcin  is  obtained  in  considerable  quantity  by  distilling  extract  oj 
Brazil  wood,  a dye  made  by  boiling  the  wood  of  Gcesaljnnia  braziliensis 
with  water,  and  evaporating  the  solution.  It  was  originally  prepared 
by  fusing  with  potash  the  gum-resin  known  as  galbanum,  obtained  m 
Turkey  and  the  East  Indies  as  an  exudation  from  the  Galbanum  offici- 
nale, an  umbelliferous  plant.  Other  gum-resins  obtained  from  plants 
of  the  same  order  also  yield  resorcin  when  fused  with  potash ; such  as 
ammoniacum,  assafcetidco,  sagapenum,  all  more  or  less  foetid-smel  mg 
medicinal  bodies  imported  from  the  East.  When  these  gumu-esms  are 
distilled  alone,  they  yield  umbelliferone,  C9H0O8,  or  C6IT4(CHO)2OU, 
which  is  converted  into  resorcin  when  fused  with  potash. 

Resorcin,  or  resorcinol,  crystallises  in  prisms  or  tables  which  fuse  at  1180  C and 
boil  at  276°  C.,  but  maybe  sublimed  at  a much  lower  temperature.  It  has  a 
sweet  taste,  and  is  easily  soluble  in  water,  alcohol,  and  ether.  Its  solution  gives 
a violet  colour  with  ferric  chloride.  Exposed  to  air,  it  absorbs  oxygen  and  be- 
comes brown.  Ammoniacal  copper  and  silver  solutions  are  reduced  when  heated 
with  it.  The  most  characteristic  test  for  resorcin  consists  m heating  it  with 
phtlialic  anhydride  (p.  536),  dissolving  in  dilute  sulphuric  acid  and  addmg 
ammonia,  when  a splendid  green  fluorescmice  is  produced,  due  to  the  foimation 
of  rcsorcin-phthalein , or  j^M0?,e5CCtw,  C6H4(CO.OGH3(Oii).i)2. 
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The  resorcin  of  commerce  sometimes  contains  thioresorcin  C8H4(SH)2,  which 
may  be  obtained  by  reducing  benzene  disulphonic  chloride,  C6H4(SOaCl)2,  with  tin 
and  hydrochloric  acid. 

Styphnic  acid,  or  trinitroresorcin,  C8H(N02)3(0H)2,  so  named  from  its  astringent 
taste  (erri^j/os),  is  prepared  by  dissolving  resorcin  in  strong  sulphuric  acid,  and 
gradually  adding  strong  nitric  acid ; after  standing  for  some  hours,  water  is 
added,  which  precipitates  the  acid.  .Styphnic  acid  is  also  produced  by  the  action 
of  nitric  acid  on  extract  of  Brazil-wood  and  on  those  gum-resins  which  yield 
resorcin  on  fusion  with  potash,  as  well  as  on  Purree,  or  Indian  yellow,  a compound 
of  magnesia  with  euxanthine,  CigH16O10.  It  was  formerly  called  oxypicric  acid, 
since  it  contains  one  atom  of  oxygen  more  than  picric  acid  or  trinitro  phenol, 
C8H,(N02)3.0H,  which  it  much  resembles.  Styphnic  acid  forms  yellow  six-sided 
prisms  or  tables,  sparingly  soluble  in  cold  water,  but  dissolving  in  alcohol  and 
ether.  It  fuses  at  1 750  C.,  and  explodes  when  strongly  heated,  though  it  sublimes 
when  heated  gradually.  It  is  a dibasic  acid,  and  forms  salts  which  are  more 
explosive  than  the  picrates.  Ferrous  sulphate  and  lime-water  give  a green  colour 
with  styphnic  acid,  and  a blood-red  with  picric  acid. 

521.  Pyrogallin,  ox*  pyrogallol , 01*  trihydroxybenzene,  C6H3(OIT)3, 
formerly  called  pyrog attic  acid,  is  a phenol  obtained  by  heating  gallic 
acid ; C6H2(0H)3.C02H  - C6H?(OH)3  + C03.  To  prepare  it,  gallic  acid, 
dried  at  ioo°  0.,  is  mixed  with  three  times  its  weight  of  powdered 
pumice-stone,  to  equalise  the  heat,  and  distilled  in  a retort  through 
which  a slow  stream  of  CO,  is  passed,  the  retort  being  heated  by  an 
oil-bath  to  between  210°  and  2 20°  C.  A much  better  yield  is  obtained 
by  heating  the  gallic  acid  with  2\  parts  of  water  in  a digester  ( auto- 
clave) to  the  above  temperature  for  half  an  hour.  The  solution  thus 
obtained  is  decolorised  by  animal  charcoal  and  crystallised. 

A solution  of  pyrogallol,  for  use  as  a developer  in  photography,  may 
be  prepared  by  heating  10  grammes  of  gallic  acid  with  30  c.c.  of 
glycerine  to  1950  C.  as  long  as  C03  is  evolved,  and  making  up  to  a litre 
with  water. 

Pyrogallin  may  be  sublimed  from  nut-galls  heated  to  about  215°  C., 
when  the  tannin  is  decomposed  into  pyrogallin  and  carbon  dioxide; 
C^H.jOj.CO,!!  + H,0  = 2C6H3(OIT)3  + 2CO„.  It  may  be  obtained  syn- 
thetically by  fusing  chlorophenol-sulphonic  acid  with  potash — 

C8HsC1.0H.S03H  + 2KOH  = C8H3(OH)3  + KC1  + KHS03. 

Pyrogallin  crystallises  in  fine  needles,  which  are  felted  together  in 
light  white  tufts.  It  fuses  at  1150  C.  and  boils  at  210°  C.  It  is  very 
soluble  in  water  (2J  pai*ts),  alcohol,  and  ether.  When  its  solution  is 
mixed  with  an  alkali,  it  at  once  absoi*bs  oxygen  from  the  air,  becoming 
brown,  and  forming  carbonate,  acetate,  and  other  products,  a little 
cax*bonic  oxide  being  evolved.  A mixture  of  potash  and  pyrogallin  is 
employed  to  absorb  oxygen  in  gas  analysis.  Pyrogallin  is  a strong 
reducing  agent,  precipitatiixg  silver  and  mercury  in  the  metallic  state ; 
its  action  on  silver-salts  renders  it  useful  in  photography  and  in  hair- 
dyeing.  A pure  ferrous  salt  gives  no  colour  with  pyrogallin,  but  a 
ti*ace  of  ferric  salt  causes  a blue  coloration,  while  a pure  ferric  salt 
gives  a red  colour.  When  heated  with  phthalic  anhydride,  it  yields 
pyrogallol  plithalein,  or  gallein  ; C6H4(CO.C6H2(OII)3)2,  which  is  used  as 
a red  dye.  When  chlorine  is  passed  through  a cooled  solution  of 
pyrogallin  in  acetic  acid,  trichloro-pyrog allin,  CGC13(0H)3,  is  obtained,  and 
may  be  crystallised  in  needles. 

Phloroylucol,  CuH3(OH)3,  isomeric  with  pyrogallol,  was  first  obtained  from  a 
glucoside  called  phloridzin,  existing  in  the  bark  of  the  apple-tree;  the  glucol 
refers  to  its  sweet  taste.  It  is  also  made,  like  resorcinol,  by  fusing  certain 
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vegetable  extracts  and  gum-resins  with  caustic  potash.  It  is  thus  obtained  from 
gamboge , the  resinous  juice  of  Cambogia  gutta  (Ceylon),  from  dragon's  blood,  the 
resin  of  Dracaena  draco,  from  kino  (p.  635),  catechu,  and  from  the  yellow  dye-wood, 
fustic.  The  residue  of  the  preparation  of  extract  of  fustic  is  fused  with  potash 
and  a little  water,  dissolved  in  water,  acidified  with  sulphuric  acid,  and  shaken 
with  ether,  which  extracts  phloroglucol  and  protocatechuic  acid ; the  ether  is 
distilled  off,  and  the  aqueous  solution  of  the  residue  mixed  with  lead  acetate  to 
precipitate  the  protocatechuic  acid.  The  lead  is  precipitated  by  H„S,  and  the 
phloroglucol  again  extracted  by  ether.  It  may  also  be  prepared  by  fusing  resorcin 
(1  part)  with  soda  (6  parts)  until  the  mass  has  a light  chocolate  colour,  when  it 
is  treated  as  above,  omitting  the  separation  of  protocatechuic  acid. 

Phloroglucol  is  formed  by  fusing  benzene-trisulphonic  acid,  C„H3(S02.0H)3,  with 


soda. 

Phloroglucol  crystallises  in  prisms  with  2Aq,  which  it  loses  at  100°  C.  It  fuses 
at  220°,  and  may  be  sublimed  ; it  dissolves  easily  in  water,  alcohol,  and  ether,  and 
reduces  alkaline  cupric  solution.  Ferric  chloride  gives  a violet  colour.  Its  solu- 
tion in  hydrochloric  acid  stains  wood  violet-red,  and  is  an  excellent  test  for  woody 
tissue.  Alkaline  solutions  of  phloroglucol  are  oxidised  by  air,  and  become  brown. 
When  dissolved  in  ammonia,  it  yields  a crystalline  base;  C6H3(OH)s  + NH3= 
H.,0  + C6HrNH2(OH)2  (phlor  amine).  Other  phenols  do  not  so  readily  exchange 

OH  for  NH„.  . . . 

When  phloroglucol  is  dissolved  in  acetic  acid  and  treated  with  potassium  nitrite, 
at  a low  temperature,  it  yields,  on  addition  of  excess  of  potash  and  alcohol,  green 
needles  of  a very  explosive  body,  which  is  the  potassium  salt  of  tri-nitroso-phloro- 
gJucol,  Cc03(N0K)3.  When  this  is  gradually  added  to  a mixture  of  nitric  and 
sulphuric  acids,  it  is  converted  into  trinitro-phloroglucol , f ^ ^ d 1 )3,  which 

crystallises  in  yellow  explosive  prisms,  and  dyes  wool  and  silk  yellow  like  picric 
acid  It  is  a tribasic  acid,  and  forms  three  series  of  coloured  salts. 

Hex-hydroxy-benzene,  C/OH),,  has  been  obtained  by  a circuitous  process.  It  is 
crystalline,  sparingly  soluble  in  cold  water,  alcohol,  and  ether , the  solutions 
absorb  oxygen,  becoming  violet,  and  reduce  silver  nitiate.  It  is  converted  into 
benzene  by  distillation  with  zinc-dust. 

522.  Cresol,  or  methyl-phenol,  or  hydroxy  toluene,  CpH4.CH3.OH,  ac- 
companies phenol  in  coal-tar.  The  coal-tar  Jcreasote  is  a mixture  of 
phenol  and  cresol.  Cresol  may  be  prepared  by  dissolving  toluicline  in 
sulphuric  acid,  adding  potassium  nitrite,  and  distilling  by  steam — 
C6H4.CH3.NH,,  + HN02  = C6H4.CH3.OH  + 2H.,0  + n2. 

There  are  three  isomeric  cresols  prepared  from  the  corresponding 

toluidines. 

Orthocresol  is  solid,  fuses  at  31  Ml,  and  boils  at  185  C.  Metacresol 

C., 


Paracresol  is  solid,  fusing  at  36' 


is  liquid,  and  boils  at  1950  C • ~ - 

and  boiling  at  198°  C.  They  are  metamenc  with  benzyl-alcohol, 
C TI  CH,.OH.  Paracresol  occurs  in  urine,  and  is  a product  of  the 
putrefaction  of  albumen.  Meta-  and  paracresol  give  a blue  colour  with 

Wood-tar  creosote  contains  phenol,  cresol,  plilorol,  C6H3(CH3)2.OH, 
guaiacol,  and  creosol , CGH3(OOH3)CH,OH.  This  last  is  obtained  from 
that  portion  of  the  tar  which  distils  over  at  220  C.,  by  dissolvmg  it  111 
ether,  and  adding  very  strong  potash,  which  precipitates  potassium- creosol, 
from  which  creosol  is  separated  by  sulphuric  acid.  It  is  an  aromatic 
liquid,  which  yields  acetyl-creosol,  C6H3(0CIT3)CH3(0C2H30),  when 
treated  with  acetyl  chloride,  and  this,  when  o^dised l by ; potassium  pw- 
man^anate,  becomos  acctyl-vanillic  acid,  C6lL3(OLl  2 3 / 2 > 

from"  which  vanillic  acid  may  be  obtained  by  treatment  with  caustic 

soda  • 

c 2 3 Orcin,  or  orcinol , or  dihydroxytoluene,  CGII3.C  11,(011  )„,  is  pie 
prepared  from  certain  lichens,  which  are- used  by  dyers  for  preparing 
the  colours  known  as  litmus,  cudbear,  and  archil ; such  as  Lecanoi a tat- 
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tarea,  or  rock-moss,  Roccella  tinctoria,  or  orchellci-weed,  and  others.  The 
lichens  are  boiled  with  lime  and  water  for  some  time,  the  solution  filtered, 
evaporated  to  one-fourth,  treated  with  CO,  to  precipitate  the  lime,  and 
shaken  with  ether  to  extract  the  orcin.  Some  orcin  appears  to  exist 
ready  formed  in  the  lichens,  but  the  greater  part  of  it  is  formed  by  the 
action  of  the  lime  and  water  upon  certain  acids,  which  may  be  extracted 
from  the  lichens  by  lime  in  the  cold,  and  obtained  as  gelatinous  precipi- 
tates by  hydrochloric  acid.  Thus,  orsellinic  acid,  CGH,.CHiJ(OH)i.CO.,H, 
when  boiled  with  lime,  yields  carbon  dioxide  and  orcin,  C6  Hs . CH3  (0  H)2. 

Erythric  acid,  C20H22O10,  yields  orcin  and  erythrite  (p.  499);  evernic 
acid,  C17HiCOj,  yields  orcin  and  everninic  acid,  C9H10O4. 

Evernic  acid  is  extracted  from  the  lichen  Evernia  prunastri. 

Lecanoric  acid,  C1GH1407.H,0,  when  boiled  with  water,  yields  two 
molecules  of  orsellinic  acid,  C8H804. 

Orcin  is  also  produced  by  the  action  of  fused  potash  on  aloes,  the  juice 
of  a plant  of  the  Liliaceous  order  (dragon’s  blood,  obtained  from  the 
same  order,  yields  phloroglucol).  Orcin  may  be  prepared  from  toluene, 
06H3.CH3,  by  converting  it  into  (ortho)chlorotoluene-sulphonic  acid,  and 
fusing  this  with  excess  of  potash — 

C6H3C1.CH3.S03H  + 2KOH  = KC1  + KHS03  -+  C(iH3.CH3(OH), 

Orcin  crystallises  in  colourless  six-sided  prisms,  containing  a molecule  of 
water.  It  fuses  at  58°  C.,  becomes  anhydrous  at  86°,  and  boils  at  290°  C. 
It  tastes  sweet  and  dissolves  in  water,  alcohol,  and  ether ; ferric  chloride 
colours  it  violet.  It  fox-ms  a cx-ystalline  compound  witlx  a molecule  of 
ammonia,  and  when  its  solution  in  ammonia  is  exposed  to  air,  it  absorbs 
oxygen,  giving  a pux-ple  solution,  from  which  acetic  acid  precipitates  a 
red  colouring  matter,  orcein  ; 


C7HsO,  (orcin)  -}-  NH3  -f- 


O3  = 


2H,0  + C7H7N03  (orcein). 


This  substance  is  the  chief  colouring  matter  of  the  dyes  prepared  from 
lichens,  by  mixing  them  with  lime  and  urine  (to  fui-nish  ammonia),  and 
exposing  them  to  the  air  for  some  weeks.  The  colour  is  pi-essed  out, 
and  made  into  cakes  with  chalk  or  plaster  of  Paris. 

Orcein  is  sparingly  soluble  in  water,  but  dissolves  easily  in  alcohol  and 
in  alkaline  liquids,  yielding  purple  solutions  which  are  reddened  by  acids, 
orcein  being  precipitated. 

524.  Quinones  are  formed  fi-orn  the  hydrocai-bons  of  the  aromatic 
sei’ies  by  the  substitution  of  the  group  —O—O—  or  (O.,)^  for  H.„  and  are 
therefore  products  of  oxidation  of  the  hydrocarbons. " 

Quinone,  C6H4(02)//,  or  benzoquinone,  may  be  obtained  by  heating 
benzene  with  chromyl  chloride,  when  HC1  is  evolved  and  a brown  solid 
compound  produced,  which  is  decomposed  by  water  with  formation  of 
quinone,  which  remains  dissolved  in  the  excess  of  benzene — 

(1)  C6H6  + 2Cr02Cl,  = 2HCI  + C H.(Cr0.,Cl)o ; 

(2)  CgH4(Cr02Cl)2  + H.,0  = C,.H4(02)"  + Cr203  + 2HCI. 

Many  benzene  derivatives  also  yield  quinone  when  oxidised.  It  is  best 
prepared  by  oxidising  aniline  with  potassium  dichromate  and  sulphuric 
acid. . One  pax-t  of  aniline  is  dissolved  in  a mixture  of  8 parts  of  sul- 
phuric acid  with  30  pax-ts  of  water,  and  3^  parts  of  powdered  potassium 
clichromate  are  slowly  added  to  the  cooled  solution,  which  is  then  heated 
for  some  hours  to  about  35°  C.  After  cooling,  the  liquid  is  shaken  with 
ether,  which  extracts  the  quinone,  and  leaves  it  in  goldexx  yellow  crystals 
when  evapox-ated. 
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It  is  also  obtained  when  quinic  acid  is  oxidised  with  manganese  dioxide 
and  sulphuric  acid;  C6H7(OH)4CO,H  + 02  = C6H4(02),/  + C02  + 4H20. 
Many  plant-extracts  yield  quinone  when  thus  treated. 

Quinone  crystallises  very  easily  in  yellow  prisms  or  plates,  which  sub- 
lime even  in  the  cold,  and  fuse  at  1 16°  C.,  emitting  a characteristic  odour, 
and  subliming  in  long  golden  needles  in  the  presence  of  steam.  It  is 
sparingly  soluble  in  cold  water,  but  dissolves  in  hot  water,  and  crystallises 
on  cooling  ; alcohol  and  ether  dissolve  it.  Its  solution  stains  the  skin 
brown.  Quinone  acts  as  an  oxidising  agent,  liberating  iodine  from 
hydriodic  acid,  and  becoming  converted  into  hydroquinone,  or  quinol, 
C6H4(0II)o.  This  is  related  to  quinone  in  the  same  way  as  liydrocserulig- 
none  is  related  to  cserulignone  (p.  633),  which  is  also  a quinone.  On 
mixing  a saturated  solution  of  hyclrocserulignone  with  solution  of  qui- 
none, an  orange  colour  is  produced,  and  shining  blue  needles  of  caerulig- 
none  are  deposited,  the  quinone  being  reduced  to  hydroquinone — 
C,,H4(OCH3)4(OH)2  + C, 11,(0.,)"  = C12H4(0CH3)4(02)"  + C6H4(0H>, 


Extremely  dilute  solutions  of  quinone  will  give  this  reaction. 

Hydroquinone  is  a constant  product  of  the  action  of  reducing  agents  on  quinone, 
and  is  best  prepared  by  passing  S02  through  a warm  saturated  solution  of  quinone, 
when  it  is  deposited  in  six-sided  prisms,  which  fuse  at  169°  C.  and  sublime  in 
monoclinic  tables,  so  that  hydroquinone  is  dimorphous.  It  is  moderately  soluble 
in  water,  and  easily  in  alcohol  and  ether.  Hydroquinone  is  isomeric  with  pyro- 
catechin  (p.  635),  but  is  distinguished  from  it  by  the  action  of  oxidising  agents, 
such  as  ferric  chloride,  which  convert  hydroquinone  into  fine  green  metallic 
prisms  of  green  hydroquinone,  or  quinhydrone,  Cl.H402.CljH4(0H).J,  which  may  also 
be  obtained  by  mixing  aqueous  solutions  of  quinone  and  hydroquinone.  This 
beautiful  substance  is  sparingly  soluble  in  cold  water,  but  dissolves  in  hot  water 
to  a brownish-red  solution,  which  deposits  the  splendid  green  crystals  on  cooling. 
It  dissolves  in  alcohol  and  ether  with  a yellow  colour.  When  heated,  it  fuses  to 
a brown  liquid,  and  partly  sublimes  in  green  plates,  the  remainder  decomposing 
and  giving  the  yellow  crystalline  sublimate  of  quinone.  On  boiling  its  aqueous 
solution,  quinone  volatilises,  and  hydroquinone  remains  in  solution.  It  dissolves 
in  ammonia  with  a deep  green  colour,  which  becomes  brown  on  exposure  to  air. 
Oxidising  agents,  such  as  ferric  chloride,  added  in  excess,  convert  quinhydrone 
into  quinone,  whilst  reducing  agents,  such  as  sulphurous  acid,  convert  it  into 
hydroquinone.  Hydroquinone  occurs  among  the  products  of  distillation  of  the 
succinates,  and  it  has  been  produced  from  ethyl  succinate  by  the  following  steps : 
Ethyl  succinate,  C„H4(CO„C,,H5)2,  acted  on  by  sodium,  yields  ethyl  succmyl  succinate , 
C.H  .C.H  (CO),.(C<X.C,,H  when  this  is  treated  with  bromine,  hydrogen  is 
abstracted,  leaving  ethyl-quinol  dicarboxylate,  C6H402(C02.C2H5)2.  The  acid  ob- 
tained from  this  ethereal  salt,  quinol-dicarboxylic  acid,  C6H402(C02H)2,  crystallises 
in  needles,  and  yields  a blue  colour  with  ferric  chloride.  When  distilled,  it  yields 
hydroquinone,  CGH4(OH)„,  and  2CO.,.  As  ethyl  succinyl  succinate  may  also  be 
obtained  by  the  action  of  sodium  on  ethyl  bromaceto-acetate,  hydroquinone  may 

be  built  up  from  acetic  acid.  . , 

Tetrachloroquinone,  or  chloranil,  C6C14(02)",  is  a frequent  product  of  the  action  0 
chlorine  or  of  a mixture  of  potassium  chlorate  and  HC1  upon  benzene-derivatives 
and  compounds  connected  with  the  aromatic  group,  such  as  phenol,  aniline, 
salicin,  and  isatin.  It  may  be  prepared  from  quinone  by  the  action  of  IvC103  and 
HC1  but  more  cheaplv  from  phenol,  by  mixing  it  with  potassium  chlora 
(4  parts)  and  adding  it  gradually  to  hydrochloric  acid  diluted  with  an  equal 
volume  of  water.  The  mixture  is  gently  heated,  and  more  chlorate  added,  when  a 
yellow  mixture  of  trichloroquinone,  C0HCl3(O2)",  and  tetrachloroquinone  is  precipi- 
tated This  is  treated  with  sulphurous  acid,  which  reduces  the  qumones  to 
hydroquinones.  The  tetraclilorohydroqumone,  C6C14(0H)2,  is  insoluble  in  water, 
whilst  the  trichlorohydroquinone,  C HC13(0H)  dissolves.  ihe  Jorn^  ls  ^ ° 
oxidised  by  strong  nitric  acid,  which  converts  it  into  chloranil.  T^s  body,  which 
is  used  in  colour  making,  is  yellow,  insoluble  m water,  and  sparmgty  soluble  m 
alcohol;  ether  and  benzene  dissolve  it,  and  deposit  it  111  yellov  c>staH  wlnc 
may  be  sublimed.  It  is  unattacked  even  by  concentrated  acids.  Potash  dissolve. 
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it  with  a purple  colour,  and  yields  purple  crystals  of  potassium  chloranilate  ; 
C8C1402  + 4KOH  = 2KCI  + 2 H.20  + C8C12(OK)20„.  By  dissolving  the  sparingly  soluble 
potassium  salt  in  hot  water,  and  adding  HC1,  a red  crystalline  body  is  precipi- 
tated, which  is  chloranilic  acid,  CBCl2(0H)202.Aq.  It  is  soluble  in  water,  with  a 
violet  colour,  but  sulphuric  or  hydrochloric  acid  precipitates  it  from  the  aqueous 
solution. 

Bromanil,  C'^Br/O,,)'’,  has  also  been  obtained  from  phenol. 

525.  Naphthoquinone,  C10H,.(O._,)",  is  prepared  by  dissolving  naphthalene  (1  part) 
CI0HS,  in  glacial  acetic  acid  (6  parts)  and  oxidising  with  chromic  anhydride  (3  parts) 
dissolved  in  glacial  acetic  acid  (2  parts).  The  mixture  is  boiled,  and  distilled  after 
adding  more  water,  when  the  naphthoquinone  passes  over  with  the  steam.  It  is  in- 
soluble in  water,  sparingly  soluble  in  cold  alcohol,  but  dissolves  in  hot  alcohol  and 
in  ether,  crystallising  in  yellow  tables,  which  fuse  at  125°  C.  and  sublime  below  ioo°. 
It  has  the  quinone  smell.  Alkalies  dissolve  it,  and  it  is  oxidised  by  strong  nitric 
acid  into  phthalic  acid,  CBH4(C02H)„.  When  heated  with  hydriodic  acid  and 
amorphous  phosphorus,  naphthoquinone  is  converted  into  naphtho-hydrocpunone, 
^ ,oH«(OH)2. 

Anthraquinone , CuHs02,  is  prepared  by  dissolving  anthracene, 
C14H10,  in  glacial  acetic  acid,  and  adding  chromic  anhydride  to  the 
hot  solution ; on  adding  water,  the  anthraquinone  is  precipitated, 
and  may  be  purified  by  sublimation.  It  sublimes  in  yellow  needles 
which  are  sparingly  soluble  in  alcohol  and  ether,  but  dissolve  in  hot 
benzene  and  in  nitric  acid.  It  fuses  at  2730  C.  Potash  does  not  dis- 
solve it,  but  when  fused  with  potash,  it  yields  potassium  benzoate, 
Sulphurous  acid  does  not  convert  it  into  a hydroquinone,  nor  does 
hydriodic  acid,  but  the  latter  reduces  it  to  anthracene.  Hence  it  is 
not  a true  quinone,  as  was  formerly  believed.  It  is,  in  fact,  a double 
ketone,  CgH1(CO):;G,gH4,  which  accounts  for  its  conversion  into  potas- 
sium benzoate  by  fusion  with  potash — 

(C„H4)2(CO)2  + 2KOH  = 2(C'.H,.C0.0K). 

Moreover,  when  distilled  with  soda-lime  it  yields  benzene — 

(C,.H,).,(CO).,  + 4NaOH  = 2CBH8  + 2C0(0Na)., 

It  may  be  obtained  synthetically  by  heating  phthalyl  dichloride  with 
benzene  and  zinc-dust;  C6H4(C0C1)2  + CGHG  + Zn  = (CBH4)2(CO)2  + 
ZnCl2  4-  H2.  When  anthraquinone  is  heated  with  zinc-dust  alone,  it 
yields  anthracene.  Bromine  converts  it  into  dibromanthraquinone, 
pGH4(CO)2C6H2Br„,  and  when  this  is  heated  to  about  i8o°C.  with  potash, 
it  yields  potassium  alizarate,  CGH4(CO)2C6H.,(OK).) ; from  the  aqueous 
solution  of  this,  hydrochloric  acid  precipitates  alizarin — 

C6H4(CO)2C6H2(OH)2, 

a red  body,  which  is  prepared  from  madder , the  root  of  Rubia  tinc- 
torum. 

Alizarin,  one  of  the  chief  vegetable  dyes,  was  formerly  obtained 
exclusively  from  this  plant,  imported  from  the  South  of  France  and  the 
Levant.  It  does  not  occur  ready  formed  in  the  plant,  but  is  produced 
by  the  decomposition  of  ruberythric  acid,  C2GH„s014,  which  may  be 
extracted  from  madder  root  by  cold  water,  and  crystallises  in  yellow 
prisms. . When  the  root  is  allowed  to  ferment,  or  is  treated  with 
sulphuric  acid,  the  ruberythric  acid  undergoes  hydrolysis,  and  is  con- 
verted into  alizarin  and  glucose — 

C28H.,sO,4  + 2H20  = C14H804  + 2C6H1208. 

Alizarin  may  be  prepared  from  anthraquinone  by  converting  it  into  the 
sulphonic  acid  and  fusing  this  with  potash. 

The  anthraquinone  is  made  on  the  large  scale  by  treating  anthracene,  in  leaden 
tanks,  with  potassium  dichromate  and  diluted  sulphuric  acid,  the  reaction  being 
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completed  by  boiling.  The  anthraquinone  is  dissolved  in  strong  sulphuric  acid, 
and  reprecipitated  by  water,  which  retains  the  impurities  in  solution.  After  being 
wrashed  and  dried,  it  is  heated  for  eight  or  ten  hours  to  180°  C.  with  fuming  sul- 
phuric acid  in  an  iron  pot,  being  constantly  stirred  ; on  diluting  with  water,  any 
unaltered  anthraquinone  is  precipitated,  and  anthraquinone  sulphonic  acid  remains 
in  solution  ; (C8H4)2(CO)2  + S02(0H)2  = C8H4(C0)2.C8H3.S02.0H  + HOH.  By  neutral- 
ising the  solution  with  caustic  soda,  the  sparingly  soluble  sodium  anthraquinone 
sulphonate  is  obtained,  and  this  is  converted  into  sodium  alizarate  by  heating 
with  caustic  soda  and  some  potassium  chlorate  to  furnish  oxygen — 


C8H4(C0)2.C8H3.S02.0Na  + 2NaOH  + O = C8H4(CO)2.C8H2(ONa)2 + NaHSOs  + HOH. 

In  order  to  prepare  alizarin  from  anthracene  without  previous  conversion  into 
anthraquinone,  the  anthracene  is  exposed  in  leaden  chambers  to  the  action  of 
chlorine,  which  converts  it  into  a bright  yellow  crystalline  mass  of  dichloranthra- 
cene,  C14HSC12.  This  is  heated  to  260°  C.  with  strong  sulphuric  acid,  in  an  iron 
pot,  until  a sample  dissolves  in  water  without  fluorescence.  A mixture  of  anthra- 
quinone-sulphonic  and  disulphonic  acids  is  thus  produced  by  the  following  reactions; 

C14H8C1„  + 2HS04  = C14H8(S03H)2C12  (dicliior anti 'iracene-cli sulphonic  acid)  + 2H20  ; 

G,,H..(y03H)2Cl„ 4-  H„S04  = CHH8(S0.tH)„(0„)"  ( anthraquinone-disidphonic  acid ) + 

' ‘ ' 2HC1  + S02; 

C14H9C12  + H2S04= C14H9Os  + 2HCI  + S02 ; CI4H802+H2S04=C14H7(S03H)02+H20. 


The  mixed  sulphonic  acids  are  neutralised  with  lime,  and  the  calcium  salts  are 
decomposed  by  sodium  carbonate.  The  concentrated  solution  of  the  sodium  salts 
is  heated  with  caustic  soda  and  a little  potassium  chlorate,  in  a closed  iron  boiler, 
to  about  180°  C.  for  twenty-four  hours,  when  a purple  solution  is  obtained,  con- 
taining the  alizarate  and  anthrapurpurate  of  sodium;  C1JH7(S03H)02  + 4Na0H  = 
Na„S03  + 2H20  + H + C14H8(Na0)202  ( sodium  alizarate)  ; C14H8(S03H)202  + 7NaOH  = 
C14H5(Na0)302  ( sodium  anthrapurpurate)  + 2Na2S03  + 4H20  + H2. 

The  solution  is  run  into  dilute  sulphuric  acid,  when  a mixture  of  alizarin  and 
anthrapurpurin  is  obtained  as  a yellow  precipitate.  The  potassium  chlorate  is 
added  in  order  to  oxidise  some  sodium  oxanthraquimnate,  C14H7(Na0)02,  resulting 
from  a secondary  reaction ; it  is  converted  into  sodium  alizarate  by  sodium 
hydrate  and  oxygen  ; C14H7(NaG)02  + NaH0  + 0 = C14H8(Na0)302  + H20. 

Properties  of  alizarin. — It  is  very  sparingly  soluble  in  water,  but 
easily  soluble  in  alcohol  ancl  ether,  and  crystallises  in  orange-coloured 
prisms  which  contain  3Aq,  and  become  red  when  dried.  It  fuses  at 
about  2 7 50  C.,  and  may  be  sublimed.  It  dissolves  in  strong  sulphuric 
acid  with  a deep  red  colour,  and  is  precipitated  by  water.  It  acts  like 
a dibasic  acid,  dissolving  in  alkalies  to  purple  solutions,  which  give 
purple-blue  precipitates  with  salts  of  barium  and  calcium.  The  insolu- 
bility and  brilliant  colours  of  the  alizarates  are  of  great  value  in  dyeing 
and  calico-printing.  Alizarin  gives  red  precipitates  ( madder  lakes)  with 
salts  of  tin  and  aluminium,  and  a dark  violet  with  salts  of  iron. 

When  heated  with  zinc-dust,  alizarin  is  converted  into  anthracene, 
an  observation  which  led  to  its  artificial  formation  from  that  body. 
Nitric  acid  oxidises  it  to  phthalic  acid — 

C8H4(CO)2C8H2(OH)2  + 013  ==  C8H4(CO.OH),  + 6C02  + H.,0. 

Anthrapurpurin , C8H3.OH.(CO)2.C8H,(OH)2,  is  formed  as  above  men- 
tioned in  the  preparation  of  alizarin,  and  may  be  obtained  by  oxidising 
alizarin  with  MnO„  and  H„S04.  It  resembles  alizarin,  but  fuses  at  a 
higher  temperature  (330°  C.),  and  is  more  soluble  in  water.  The  colours 
oAts  metallic  salts  are  more  brilliant  than  those  given  by  alizarin,  so 
that  its  presence  in  the  artificial  dye  is  advantageous. 

Purpurin, or  tri-hydroxy-anthraquinone , C'6H4(CO)2.CGII(OIT )3, is  rn eta- 
meric  with  the  preceding,  and  is  found  accompanying  alizarin  in  old 
madder  root,  and  may  be  "separated  from  it  by  boiling  with  alum,  which 
dissolves  only  the  purpurin.  It  may  also  be  obtained  by  oxidising 
natural  alizarin  with  Mn02  and  IT2S04. 
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Flavo-purpurin,C^yO}l{CQ)rC  JA^OTA)#  is  sometimes  formed  in  the 
manufacture  of  alizarin.  It  crystallises  in  golden  needles  soluble  in 
alcohol. 

Anthrachrysone , or  tetra-hydroxy-anthraquinone — 

C6H2(OH)..(CO)2C6H,(OH).>, 

is  obtained  by  heating  dihyclroxybenzoic  acid,  G'8Ha(OH).,.CO.OH,  with 
sulphuric  acid,  which  abstracts  the  elements  of  211,0  from  two  molecules 
of  the  acid. 

Rufigallic  acid,  or  hex-oxy-anthraquinone,  CGH(OH)3(CO)2C6H(OH)3 
{see  p.  527),  is  prepared  by  heating  gallic  acid  with  sulphuric  acid, 
which  removes  the  elements  of  2 11,0  from  two  molecules  of  gallic  acid, 
'CcH.,(0H)3.C0.0H.  It  is  used  as  a red  dye. 

All  these  anthracene  derivatives  yield  that  hydi’ocarbon  when  heated 
with  zinc-dust. 

526.  The  hydrocarbons  which  furnish  quinones  when  oxidised  form 
an  homologous  series,  increasing  by  C4H2. 


Benzene 

• c8h6 

Benzoquinone  . 

. c#h4(o3)- 

Naphthalene 

. CI0HS 

Naphthaquinone 

• C10H0(O,)" 

Anthracene 

• CUH10 

Anthraquinone 

• CI4Hg(02)" 

Chrysene  . 

• CIgH12 

Chrysoquinone . 

• ClsH10(O2)" 

Idrialene  . 

. c„hm 

Idriquinone 

. C,,H1„(0,)" 

These  hydrocarbons  are 

products  of  the  distillation 

of  coal,  and  the 

quinones  give  rise  to  important  artificial  colouring  matters. 

527.  Carbohydrates. — The  compounds  belonging  to  this  class  contain 
hydrogen  and  oxygen  in  the  proportion  to  form  water,  combined  with  six 
atoms,  or  some  multiple  of  six  atoms,  of  carbon.  They  are  remarkable 
for  the  number  of  instances  of  isomerism  which  they  present,  and  may 
be  divided  into  three  groups,  the  members  of  each  group  having  the 
same  empirical  formula,  viz. — 

JSucroses,  or  saccharoses,  C]„H._„On  | Glucoses , C^H^Og  | Ami/loses,  CBHI0Os. 

Most  of  the  carbohydrates  are  optically  active — that  is,  they  rotate  the 
plane  of  polarisation  of  a ray  of  polarised  light  either  to  right  or  left, 
those  which  effect  a rotation  to  the  right  being  termed  dextrorotatory, 
and  to  the  left,  Icevorotatory. 

The  sucroses  are  converted  into  glucoses  by  boiling  with  dilute  sul- 
phuric or  hydrochloric  acid;  (CGHu0.),0  {sucrose)  + 11,0  = 2CGH120G 
{glucose).  Cane-sugar,  so  treated,  yields  a mixture  of  equal  parts  of  grape- 
sugar,  or  dextrose , and  fruit-sugar,  or  Icevidose,  and,  since  the  Ifevorotatory 
power  of  the  latter  predominates  in  the  mixture,  the  dextrorotatory  cane- 
sugar  is  said  to  have  been  inverted. 

Milk-sugar,  C12H2201P  is  not  inverted  by  boiling  with  acids,  but  gives 
dextrose  and  galactose,  both  having  the  composition  CG H120G,  and  both 
rotating  the  plane  of  polarisation  to  the  right. 

The  amyloses  are  converted  into  glucoses  when  boiled  with  sulphuric 
or  hydrochloric  acid ; CGH10O5  + H,0  - CGIT120G. 

528.  Cane-sugar,  or  sucrose,  C12H,2On,  is  not  found  only  in  the  sugar- 
cane, but  in  many  other  plants,  such  as  beet-root,  maize,  barley,  almonds, 
walnuts,  hazel-nuts,  coffee-beans,  and  madder  root.  It  occurs  also  in 
the  sap  of  the  maple,  lime,  birch,  and  sycamore,  as  well  as  in  the  juices 
of  many  fruits ; in  these,  it  is  generally  accompanied  by  invert-sugar. 
During  the  early  period  of  vegetation,  it  appears  that  grape-sugar  and 
fruit-sugar  are  formed,  and  that  these  become  cane-sugar  during  the 
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ripening.  The  green  sugar-cane  contains  much  dextrose  and  hevuloser 
which  are  afterwards  converted  into  sucrose.  Honey  contains  cane-sugar 
and  invert-sugar,  in  varying  proportions,  depending  on  the  food  of  the  bees. 

To  extract  sugar  from  plants,  they  should  be  cut  up,  dried  at  a tem- 
perature not  exceeding  ioo°  C.,  and  boiled  repeatedly  with  alcohol  of 
sp.  gr.  0.87,  which  will  deposit  the  sugar  in  crystals,  on  cooling. 

On  the  large  scale,  sugar  is  manufactured  by  crushing  the  cane  between  rollers, 
when  an  acid  juice  is  obtained,  containing  about  20  per  cent,  of  sucrose  ; this  is 
neutralised  by  lime,  to  prevent  inversion  of  the  sugar,  and  heated  to  coagulate 
the  albumen.  This  is  skimmed  off  the  surface,  and  the  syrup  is  evaporated  till 
it  is  strong  enough  to  crystallise.  About  half  the  sugar  is  thus  obtained  in  brown 
crystals  ( moist  sugar),  the  remainder  being  partly  extracted  as  an  inferior  sugar 
( foots  sugar)  by  another  evaporation,  and  partly  left  as  uncrystallisable  sugar  in 
the  molasses  or  treacle.  To  refine  the  raw  sugar,  it  is  dissolved  in  water,  decolorised 
by  filtering  through  a thick  bed  of  animal  charcoal,  and  evaporated  at  60°  C. 
(140°  F.)  in  a copper  vacuum-pan  connected  with  an  air-pump,  since  a higher  tem- 
perature would  invert  the  sugar.  It  may  then  be  obtaixred  in  large  crystals. 
sugar-candy,  or,  by  stirring,  in  minute  crystals  which  are  drained  in  conical 
moulds,  and  washed  with  a saturated  solution  of  sugar  till  they  form  white  loaf- 
sugar. 

Sugar  is  extracted  by  a similar  process  from  the  juice  of  the  white  beet-root. 
The  juice  contains  about  10  per  cent,  of  sugar,  about  half  of  which  is  obtained  in 
a crystallised  state. 

A larger  yield  of  crystallisable  sugar  has  been  obtained  from  cane  and  beet 
juice  by  the  strontia  process,  which  consists  in  precipitating  the  sugar  from  the 
boiling  solution  by  adding  strontium  hydrate  ; the  precipitate,  C1oH„,Ou(SrO).,.  is 
washed  with  hot  water,  and  afterwards  suspended  in  boiling  water  and  allowed 
to  cool,  when  most  of  the  strontia  is  deposited  as  hydrate,  and  the  remainder  is 
precipitated  from  the  solution  by  C02. 

Sometimes  the  potassium  salts  which  are  present  in  the  molasses,  and  hinder 
crystallisation,  are  precipitated  in  the  form  of  alum  by  adding  aluminium  sul- 
phate. 

Properties  of  sucrose. — It  crystallises  in  monoclinic  prisms,  which  are 
insoluble  in  absolute  alcohol,  but  dissolve  to  almost  any  extent  in  boiling 
water.  100  parts  of,  saturated  syrup  at  20°  C.  contain  67  of  sugar. 
Sucrose  fuses  at  160°  C.  (320°  F.),  and  does  not  crystallise  on  cooling. 
If  kept  melted  for  some  time,  it  becomes  converted  into  a mixture  of 
grape-sugar  (dextrose)  and  Icevulosan ; CiaHoo011  = C6H1206  + CcH10O.. 
If  this  be  dissolved  in  water,  and  yeast  added,  the  dextrose  ferments, 
but  the  lsevulosan  is  unaltered.  When  further  heated,  but  below 
190°  C.  (374°  F.),  sucrose  loses  2H„0  and  becomes  brown,  yielding 
caramelan,  C12IT1809,  an  amorphous,  brittle,  very  deliquescent  body,, 
colourless  when  pure,  and  not  capable  of  reconversion  into  sugar. 
Commercial  caramel,  used  for  colouring  liquids,  is  a mixture  of  this 
with  other  bodies  formed  at  higher  temperatures,  and  is  usually  made 
by  heating  starch-sugar.  It  is  bitter. 

Subjected  to  destructive  distillation,  sucrose  yields  acetic  acid, 
aldehyd,  acetone,  CH4.CO.COa,  etc.,  leaving  a shining  porous  charcoal. 
When  distilled  with  lime,  it  gives  acetone,  metacetone,  phorone,  acetyl- 
ene, &c.  Metacetone , C0IT10O,  is  isomeric  with  mesityle  oxide,  obtained 
by  the  action  of  H,S04  upon  acetone,  C3HgO,  but  that  liquid  boils 
at  1320  C.,  while  metacetone  boils  at  84°  C.  Phorone,  C9H140,  is  also 
obtained  by  the  action  of  dehydrating  agents  on  acetone  ; it  forms 
yellow  prisms  smelling  like  geraniums. 

When  sugar  is  melted  in  a little  water  (barley-water  was  formerly  used),  d 
cools  to  a glassy  mass  (barle3'-sugar)  enclosing  a little  water  ; this  dissolves  some 
of  the  sugar,  and  deposits  it  in  crystals,  until  in  course  of  time  the  whole  mass  is 
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•opaque  and  crystalline.  Heated  with  water  to  160°  C.,  sucrose  yields  formic 
.acid,  carbon  dioxide,  and  charcoal.  At  280°  C.  some  pyrocateohin  is  produced. 
Dilute  acids,  even  carbonic,  convert  sucrose  into  dextrose  and  lasvulose,  slowly  in 
the  cold,  and  quickly  on  heating. 

Fused  with  potash,  sucrose  gives  the  potassium-salts  of  oxalic,  formic,  acetic, 
.and  propionic  acids,  together  with  acetone  and  metacetone. 

Sucrose  acts  as  a reducing  agent ; if  ammonio-nitrate  of  silver  be  added  to  its 
solution,  followed  by  sodium  hydrate,  a mirror  of  silver  will  be  deposited  on 
heating.  The  antiseptic  properties  of  sucrose  are  well  known  ; a strong  syrup 
arrests  fermentation.  Weak  solution  of  sucrose,  in  contact  with  yeast,  is  first 
converted  into  dextrose  and  lmvulose,  and  then  into  alcohol  and  carbon  dioxide 
(see  p.  487).  Sugar  absorbs  ammonia  gas,  forming  which  decom- 

poses again  on  exposure  to  air. 

Sucrose  behaves  like  a weak  acid  to  strong  bases.  Sodium  suer  ate,  ClsH21NaO„, 
is  precipitated  when  strong  caustic  soda  is  added  to  an  alcoholic  solution  of 
sugar.  Slaked  lime  is  easily  dissolved  by  solution  of  sugar  ; if  equal  molecules 
■of  sugar  and  lime  be  dissolved  in  cold  water,  and  alcohol  added,  a precipitate  of 
Ca0.0I2H2201I  is  obtained,  but  if  an  excess  of  lime  be  employed,  the  precipitate 
is  2CaU.C,2H220,I.  When  the  solution  of  either  of  these  is  boiled,  it  deposits 
3CaO.CI2H22Ou,  which  requires  more  than  100  parts  of  cold  water  and  200  parts 
of  boiling  water  to  dissolve  it,  but  dissolves  readily  in  solution  of  sugar.  All 
these  compounds  are  decomposed  by  C02. 

If  strontium  hydrate  be  added  to  a boiling  solution  containing  1 5 per  cent,  of 
sucrose,  the  compound  2Sr0.C12H220„,  separates  as  a granular  precipitate,  and 
when  2.5  molecular  weights  of  the  hydrate  have  been  added,  the  precipitation  of 
•the  sugar  is  nearly  complete.  If  the  precipitate  be  stirred  with  boiling  water,  it 
will  decompose,  on  cooling,  forming  sugar  and  strontium  hydrate  (see  p.  644). 

Iron  is  much  corroded  by  sugar,  in  the  presence  of  air,  the  metal  being  dis- 
solved as  ferrous  sucrate,  G12H2UFe"0M  (7),  which,  in  contact  with  air  and  mois- 
ture, deposits  ferric  hydrate,  and  is  reconverted  into  sugar,  which  attacks  a fresh 
portion  of  the  iron.  Lead  is  also  attacked  and  dissolved  by  sugar  solution,  espe- 
cially when  heated.  On  boiling  lead  hydrate  with  solution  of  sugar,  it  is  dissolved, 
and,  as  the  solution  cools,  it  deposits  diplumbic  sucrate,  C12H18Pb20I1.Aq,  as  a white 
powder,  which  lpses  its  water  at  ioo°  C.  The  sugar  may  be  completely  precipi- 
tated in  this  form.  Tripluvibic  sucrate,  C^H^Pb^O,,,  is  precipitated  when  soda  is 
.added  to  a mixture  of  solutions  of  lead  acetate  and  sugar  ; it  may  be  crystallised 
in  needles  from  sugar  solution. 

Many  metallic  oxides  form  compounds  with  sugar  which  are  readily  soluble  in 
alkalies,  so  that  the  addition  of  sugar  to  solutions  of  copper  and  iron,  for  example, 
will  prevent  their  precipitation  by  potash,  soda,  or  ammonia.  If  solution  of 
sucrose  be  mixed  with  cupric  sulphate,  and  potash  gradually  added,  a blue  pre- 
•cipitate  of  cupric  hydrate  is  formed,  which  dissolves,  when  more  potash  is  added, 
to  a deep  blue  liquid,  which  may  be  heated  to  boiling  without  change,  but  if 
long  boiled  or  kept,  it  deposits  cuprous  oxide  or  hydrate  as  a red  or  yellow 
precipitate. 

When  a solution  containing  sugar  with  one-fourth  of  its  weight  of  common 
salt  is  allowed  to  evaporate  spontaneously,  it  deposits  deliquescent  rhombic 
prisms  of  C)2H.,X)n.NaC1.2Aq. 

Strong  sulphuric  acid  converts  dry  sucrose  into  a brown  mass,  but  if  water  be 
present,  or  if  heat  be  applied,  the  mixture  froths  up  and  blackens,  evolving  CO, 
OOo,  and  S02  gases.  Dilute  sulphuric  and  hydrochloric  acids,  when  boiled  with 
sugar,  convert  it  into  a brown  substance,  partly  solnble  in  alkalies,  and  containing 
about  63  per  cent,  of  carbon  (sugar  contains  42).  Formic  acid  (containing  only 
26  per  cent,  of  carbon)  is  found  in  the  solution.  Strohg  nitric  acid  dissolves 
sucrose,  and  converts  it,  on  heating,  into  oxalic  and  saccharic  acids.  When 
heated  with  dilute  nitric  acid,  it  yields,  beside  these,  acetic,  tartaric,  hydrocyanic, 
and  carbonic  acids,  with  evolution  of  N,  NO.  and  N203.  A cold  mixture  of  strong- 
nitric  and  sulphuric  acids  converts  sugar  into  a resinous  mass,  which  is  insoluble 
in  water  and  soluble  in  alcohol.  It  explodes  when  heated  or  struck,  and  appears 
to  be  sucro-tetra-nitrin,  C12H)s0.(N03)4. 

When  heated  with  an  excess  of  acetic  anhydride,  sucrose  exchanges  eight 
atoms  of  hydrogen  for  eight  atoms  of  acetyle ; thus,  + 8(C,H  O)  0 = 

C12H14(C2H30)s0n  + 8(C2H3O.OH).  The  new  compound  might  be  regarded  as  an 
ethereal  acetate,  representing  sucrose  as  an  octalnjdric  alcohol,  C12Hn03(OH)s,  but 
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its  easy  conversion  by  dilute  acids  and  by  yeast  into  dextrose  and  laevulose,  both, 
having  the  formula  C(.H],,0(i,  induces  the  belief  that  it  resembles  the  ethers  in 
constitution,  and  should  be  represented  by  (C6H,(0H)402),  which  breaks  up  into- 
two  pentahydric  alcohols  by  hydrolysis  ; (CBH7(0H)40)20  + H20  = 2C(JH70(0H)5. 

Its  decomposition  by  heat  into  dextrose  and  kevulosan  would  then  be  explained 
by  the  equation  (C8H7(0H)40)20  = CsH70(OH)4(<fca*n»s)  + CcH702(0H)3  (Jcemdosan). 

529.  Milk-sugar,  or  lactose,  ClaH,,Ou,  is  prepared  by  evaporating  the 
whey  of  milk  to  a syrup,  and  setting  it  aside  in  a cold  place  to  crystal- 
lise. The  commercial  product  is  generally  crystallised  round  strings  or 
slender  wooden  rods.  It  is  purified  by  dissolving  it  in  water  and  pre- 
cipitating by  alcohol.  The  crystals  contain  a molecule  of  water  of 
crystallisation,  which  they  lose  at  130°  C.  Lactose  is  much  less  sweet  and 
less  soluble  than  sucrose,  requiring  6 parts  of  cold  and  2.5  parts  of  hot 
water.  It  is  insoluble  in  alcohol  and  ether.  By  rapidly  boiling  the- 
aqueous  solution,  lactose  may  be  obtained  in  anhydrous  crystals,  which 
dissolve  in  3 parts  of  cold  water,  but  quickly  deposit  in  the  hydrated 

form.  . . 

Lactose  is  a much  stronger  reducing  agent  than  sucrose,  and  precipi- 
tates cuprous  oxide  when  gently  treated  with  alkaline  cupric  solution  5 a 
fine  mirror  of  silver  is  deposited  when  silver  nitrate  is  mixed  with  am- 
monia, potash,  and  lactose,  and  gently  warmed.  Milk-sugar  also  differs- 
from  cane-sugar  in  becoming  brown  when  heated  with  potash.  W hen 
boiled  with  diluted  acids,  it  undergoes  hydrolysis  like  sucrose,  yielding 
dextrose  and  galactose  (CGH]206),  isomeric  with  lievulose,  but  rotating  the 
plane  of  polarisation  of  light  to  the  right  instead  of  the  left.  Yeast 
causes  a similar  change,  subsequently  fermenting  the  dextrose  into  alcohol 
(as  in  koumiss').  Putrefaction-ferments,  such  as  old  cheese,  feiment 
milk-sugar  into  lactic  acid  (seep.  5 1 3)-  If  is  unchanged  by  heating  to 
ioo°  C.  with  solution  of  oxalic  acid,  which  inverts  sucrose.  When  oxidised 
by  nitric  acid,  it  yields  mucic  acid  (see  p.  5 2 7 ) and.  saccharic  acid  (p.  5 - 7 )- 
When  acted  on  by  water  and  sodium-amalgam,  lactose  yields  mannite, 
CflH.  06,  dulcite,  CGH1406,  (isp)propyl  alcohol,  CsH7.OH,  and  (secondary) 
hexyl  alcohol,  CGH13.OII.  In  its  behaviour  with  bases  and  with  acetic 
anhydride,  milk-sugar  resembles  cane-sugar. 

MeUtose,  C.„H„0n.3H20,  is  the  chief  constituent  of  Australian  manna,  an 
exudation  from  Eucalyptus  mannifera.  It  crystallises  in  fine  needles,  which  lose 
2 An  at  100°  C.,  and  the  third  at  130°.  It  is  but  slightly  sweet,  and  dissolves  in 
water  and  alcohol.  Melitose  does  not  reduce  alkaline  cupric  solution,  and  is  dex- 
trorotatory Diluted  acids  and  yeast  convert  it  into  dextrose  and  eucalm,  t gil^Ug, 
an  amorphous  non-fermentable  sugar  which  reduces  alkaline  cupric  solutions 

Mplpzitnse  C H 0 H„0,  is  extracted  by  alcohol  from  the  manna  exuding  from 
the  Sr  It  which  lose  H.O  at  .oo"  C„  and  are  sweet  enough  to 

be  used  as  a substitute  for  sugar.  It  does  not  easily  reduce  alka  me  cupnc 
solution,  and  is  dextrorotatory.  It  is  converted,  though  not  easily , into  dextiosc 

bv  boilinv  with  dilute  acids.  , 

Treha’ose,  or  my  cose,  C12H220n.2H20,  is  found  in  the  treha  am  annaj » , 

of  Persia,  an  edible  substance  produced  by  an  insect  from  the  tiee  on  v Inch  it 
lives  It  is  also  found  in  the  ergot  of  rye  and  111  certain  edible  fungi,  v hence  its 
of  mycose  Alcohol  exticts  it  from  the  manna  It  crysta  Uses  m pr, sms 
which  have  a sweet  taste,  and  fuse  at  100°  C„  losing  their  water  at  130  C.  It  is 
soluble  in  water  and  in  hot  alcohol,  but  not  in  ether.  In  other  respects 

reSS»tosePCeCHdO^  is  found  in  the  tubers  of  some  plants  of  the  Synan- 
thmSo  such  as  the  dahlia  ‘ thoto^emj arMchoke 

both  belonging  to  the  sub-order  Corymb, fercc.  It  is  an 

substance,  not  sweet  nor  optically  active.  Acids  and  yeast  resolve  it  into  dextrose 
and  kevulose. 
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Maltose,  CIOH,,0u.H.)0,  is  formed  by  the  action  of  malt  upon  starch,  and 
was  formerly  mistaken  for  glucose  (C6H12Oe),  but  it  is  less  soluble  in 
alcohol,  more  dextrorotatory,  and  does  not  reduce  a weak  acetic  solution  of 
cupric  acetate.  To  prepare  maltose,  starch  (100  parts)  is  ground  up  with 
water  (450  parts)  and  gelatinised  by  heating  on  a water-bath;  after  cool- 
ing, crushed  malt  (7  parts)  is  added,  and  the  mixture  kept  at  about  65  G. 
(149°  F.)  for  an  hour.  The  malt  (germinated  barley)  contains  an  albu- 
minoid substance  termed  diastase,  which  acts  like  a ferment  upon  the 
starch,  causing  it  to  undergo  hydrolysis  into  maltose  and  dextrin 
3CbH10Os  (starch)  + H20  = (maltose)  + C6H10O5  (dextrin). 

The  mixture,  which  has  now  become  much  more  liquid,  is  boiled,  filtered, 
evaporated  to  a syrup  on  the  water-bath,  and  boiled  with  alcohol,  which 
leaves  the  dextrin  undissolved,  and,  on  standing  for  some  days,  deposits 
the  maltose  in  crusts  of  fine  needles,  which  become  anhydrous  at  ioo  J C. 
Maltose  is  easily  fermented  by  yeast,  yielding  alcohol  and  carbon  dioxide — 
C1,.H,.,011  + H.,0  = 4C,H,.0  + 4C02. 

Boiling  with  dilute  acids  converts  it  into  glucose — 

C,..H.„011  + H.,0  = 2C(iH1,,0„. 

It  reduces  the  alkaline  cupric  solution  when  warmed,  but  not  the  acetic 
solution. 

530.  Glucose,  dextrose,  or  grape-sugar,  C6H1206,  is  the  crystallised  sugar 
found  in  honey,  raisins,  and  many  other  fruits ; it  is  almost  always  ac- 
companied by  ltevulose,  which  is  far  more  difficult  to  crystallise,  and  is 
isomeric  with  it.  Dextrose  is  also  found  in  small  quantity  in  several 
animal  fluids,  and  in  the  liver,  and  it  is  abundant  in  urine  in  cases  of 
diabetes. 

Dextrose  may  be  obtained  from  honey  by  mixing  it  with  cold  alcohol 
to  dissolve  the  lsevulose,  which  forms  about  one-third  of  its  weight,  and 
leaves  about  an  equal  quantity  of  dexti’ose,  which  may  be  dissolved  in 
boiling  alcohol  and  crystallised.  To  extract  it  from  fruits,  they  are 
crushed  with  water,  strained,  the  liquid  boiled  to  coagulate  albumen, 
filtered,  evaporated  to  a syrup,  and  set  aside  for  some  days,  when  crystals 
of  dextrose  are  deposited.  Fresh  fruits  contain  chiefly  kevulose,  which 
is  gradually  converted  into  dextrose. 

Dextrose  may  be  prepared  from  cane-sugar,  by  acting  on  it  with  an 
alcoholic  solution  of  hydrochloric  acid,  and  draining  the  solution  of 
laevulose  away  from  the  crystals.  250  c.c.  (or  9 fluid  oz.)  of  alcohol 
(sp.  gr.  0.S23)  are  mixed  with  10  c.c.  (or  3 drachms)  of  strong  hydro- 
chloric acid ; the  mixture  is  heated  to  450  C.  (113°  F.),  and  80  grms.  (or 
1 235  grains)  of  finely  powdered  cane-sugar  added  in  small  quantities. 
When  the  sugar  has  entirely  dissolved,  it  is  set  aside  for  a week,  stirred 
to  induce  crystallisation,  the  crystals  drained  on  a filter  and  washed  with 
alcohol. 

Commercial  glucose,  or  starch-sugar,  is  made  by  heating  starch  with 
diluted  sulphuric  acid,  which  first  converts  it  into  the  isomeric  dextrin, 
which  combines  with  the  elements  of  water  to  form  dextrose — 

C6H10O5  + H20  - C6H120„. 

Water  containing  about  1.5  per  cent,  of  sulphuric  acid  is  heated  to  boil- 
ing, and  a hot  mixture  of  starch  and  water  is  allowed  to  flow  gradually 
into  it.  The  mixture  is  boiled  for  half  an  hour,  neutralised  with  chalk, 
and  concentrated  by  evaporation,  when  it  deposits  crystals  of  calcium 
sulphate.  The  clear  syrup  is  drawn  off  and  evaporated  in  a vacuum-pan 
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(p.  644)  till  it  is  strong  enough  to  crystallise,  which  is  accelerated  by 
adding  some  glucose  from  a previous  crystallisation.  The  glucose  thus 
obtained  contains  maltose,  dextrin,  and  some  calcium-salts  of  organic 
acids ; it  may  be  purified  by  washing  with  strong  alcohol  mixed  with 
3 per  cent,  of  HOI,  and  afterwards  with  commercial  absolute  alcohol. 

Properties  of  glucose.  — When  crystallised  from  an  aqueous  solution, 
glucose  forms  six-sided  scales,  containing  a molecule  of  water ; these  fuse 
at  86°  0.,  and  become  anhydrous  at  no  0. ; it  crystallises  from  alcohol 
in  small  needles,  which  are  anhydrous.  It  is  less  sweet  than  sucrose. 
Glucose  dissolves  in  1.2  part  of  cold  water,  in  50  parts  of  cold  alcohol 
(sp.  gr.  .837),  and  in  5 parts  of  boiling  alcohol.  When  heated  to  170°  C., 
it  is  converted  into  glucosan,  CGHI0O5,  a nearly  tasteless  substance,  con- 
vertible into  glucose  by  dilute  acids.  When  boiled  with  caustic  potash, 
glucose  gives  a dark  brown  solution,  which  contains  pyrocatechin  (p.  635), 
together  with  potassium  lactate  and  formate.  In  presence  of  alkalies, 
glucose  acts  as  a strong  reducing  agent.  If  a solution  of  glucose  be 
mixed  with  cupric  sulphate,  and  potash  be  gradually  added,  the  blue 
precipitate  of  cupric  hydrate  produced  at  first,  dissolves  in  excess  of 
potash  to  a fine  blue  solution  ; if  this  be  gently  heated,  a yellow  precipi- 
tate of  cuprous  hydrate  is  produced,  which  becomes  red  cuprous  oxide 
when  boiled ; a little  metallic  copper  is  precipitated  at  the  same  time. 
Glucose  precipitates  metallic  silver  when  warmed  with  ammonio-nitrate 
of  silver,  and  metallic  mercury  from  mercuric  cyanide  mixed  with  potash. 

Solution  of  glucose  mixed  with  sodium  chloride  deposits  crystals  of 

2C(iH12O0.NaCl.H,O, 

which  is  sometimes  deposited  from  diabetic  urine.  Glucose  is  not  so  easily 
blackened  by  sulphuric  acid  as  sucrose,  but  forms  an  unstable  combination  with  it. 

In  its  behaviour  with  water  and  sodium-amalgam,  dextrose  resembles  lactose, 
yielding  mannite,  ethyl,  (secondary)  propyl  and  hexyl  alcohols,  and  lactic  acid. 

Dextrose  resembles  sucrose  in  its  relations  to  basic  oxides.  When  heated  with 
acids  of  the  acetic  series,  dextrose  exchanges  hydrogen  for  the  acid  radicals ; 
thus,  by  heating  it  with  glacial  acetic  acid  to  ioo°  C.  for  some  hours,  a very  bitter 
liquid  is  obtained,  which  appears-to  be  C0H.(C2H3O)5O„.  When  dextrose  is  heated 
with  acetic  anhydride,  compounds  are  produced  in  which  two  and  three  atoms  of 
hydrogen  have  been  exchanged  for  acetyl  (0.,H30).  When  heated  with  acetic 
anhydride  and  sodium  acetate,  it  yields  octaceto-diglucose,  C12Hu(C2H30)s01I, 
which  may  be  crystallised  from  ether,  and  yields  diglucose,  C^H^O,,,  when  de- 
composed by  alkalies.  Diglucose  is  isomeric  with  sucrose,  but  it  forms  an  amor- 
phous mass.  It  may  also  be  obtained  by  passing  IIC1  gas  through  an  iced  alcoholic 
solution  of  dextrose  in  the  dark. 

Dextrose  rotates  the  plane  of  polarisation  to  the  right  hand,  but  a solution 
which  has  been  kept  for  some  hours  has  only  half  the  effect  of  a freshly  made 
solution.  When  glucose  is  oxidised  by  chlorine-water,  it  yields  gluconic  acid, 
which  is  isomeric  with  mannitic  acid,  CflH6(OH),.CO.JI,  produced  by  the  oxidising 
action  of  platinum  black  on  mannite ; if  this  last  be  represented  as 

C5H(i(OH)5.CH2OH, 

gluconic  acid  would  be  the  corresponding  acid,  and  dextrose  might  be  regarded  as 
the  aldehyd,  CfiHe(OH)5COH,  a view  supported  by  its  strong  reducing  action.  On 
the  other  hand,’’  its  behaviour  with  the  fatty  acids  would  indicate  it  to  be  a penta- 
hydric  alcohol,  C,.H.O(OH)5.  Nitric  acid  converts  dextrose  into  saccharic  acid, 
C4Hs04(C02H)2,  and  afterwards  into  cassonic  acid,  CaH,.03(C02H)2,  and  oxalic  acid. 

Acetyl  chloride  converts  dextrose  into  00H,Cl(O2H.,O)4O0,  which  is  converted 
by  nitric  acid  into  C(lH7N02(C2H30)40„. 

Glucose  is  much  used  by  brewers  and  distillers  for  making  alcohol,  as  well  as 
by  confectioners ; dyers  and  calico-printers  use  it  to  reduce  indigo. 

531.  Fruit-sugar , or  Icevulose,  CGH,2Or>,  is  prepared  by  beating  cane- 
sugar  with  water  and  a very  little  sulphuric  acid  on  a water-bath  for 
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half  an  hour,  removing  the  acid  by  barium  carbonate,  and  evaporating 
to  a syrup.  This  syrup  contains  invert-sugar,  a mixture  of  equal  weights 
of  dextrose  and  hevulose  (p.  643),  which  slowly  deposits  crystals  of 
dextrose  when  exposed  to  light.  To  obtain  pure  laevulose,  it  is  mixed 
with  water,  cooled  in  ice,  and  stirred  with  calcium  hydrate,  which  pre- 
cipitates a sparingly  soluble  lime  compound  of  hevulose.  This  is  sus- 
pended in  water  and  decomposed  by  CO„  j the  filtrate  from  the  calcium 
carbonate  is  then  evaporated  on  a water-bath.  The  syrup  is  washed  with 
cold  alcohol  and  set  aside  in  a cold  place,  when  the  hevulose  crystallises. 

Lmvulose  is  much  sweeter  than  dextrose,  rivalling  cane-sugar  in  this 
respect.  It  does  not  ferment  so  readily  as  dextrose,  so  that  when  invert- 
sugar  is  mixed  with  yeast,  the  dextrose  is  the  first  to  disappear.  It  also 
reduces  alkaline  cupric  solutions  less  readily.  When  oxidised  by  chlorine 
or  bromine  water,  it  yields  glycolic  acid,  CH30.C02II,  while  dextrose 
yields  gluconic.  Lmvulose  rotates  the  plane  of  polarisation  of  light  to 
the  left  hand,  whence  its  name.  It  forms  two  crystalline  compounds 
with  lime,  C0H12Oe.CaO.  2 Aq  and  CflH120G.3Ca0,  requiring,  respectively, 
137  and  333  parts  of  cold  water  for  solution. 

When  heated  to  170°  C.,  hevulose  is  converted  into  hevuiosan,  CGH10O3, 
which  is  dextrorotatory  (p.  643). 

Galactose,  C6H1206  (formerly  called  lactose),  is  obtained,  together  with  dextrose, 
when  milk-sugar  and  some  varieties  of  gum  arabic  are  boiled  with  dilute  sulphuric 
acid.  To  prepare  it,  milk-sugar  is  boiled  for  six  hours  with  four  parts  of  water 
containing  5 per  cent,  of  sulphuric  acid.  The  solution  is  precipitated  by  baryta, 
filtered,  evaporated  to  a syrup,  and  induced  to  crystallise  by  adding  a few  ci-ys- 
tals  of  dextrose.  It  is  then  washed  with  alcohol  of  80  per  cent.,  and  recrystal- 
lised from  hot  alcohol  of  70  per  cent.  It  crystallises  in  rhombic  prisms,  which 
are  less  sweet  than  cane-sugar.  It  is  not  very  soluble  in  cold  water,  and  is  in- 
soluble in  absolute  alcohol.  Galactose  is  more  strongly  dextrorotatory  than  dex- 
trose, and  resembles  it  in  its  reducing  action  on  copper  and  silver  salts  ; it  is 
not  easily  fermented.  Nitric  acid  converts  it  into  mucic  acid,  C,HsO<(CO.,H).„  as 
it  does  lactose ; and  they  both  yield  lactonic  acid , C5H904.C0.,H,  when  oxidised 
by  bromine-water.  Sodium-amalgam  and  water  reduce  it  to  ilulcite,  C(iHs(OH)(., 
isomeric  with  mannite  (p.  646). 

Arabinose,  C6H1206,  is  produced  by  boiling  some  kinds  of  gum  arabic  with 
dilute  sulphuric  acid,  being  formed  from  arabin,  It  is  very  sweet,  and 

even  more  dextrorotatory  than  galactose.  It  reduces  alkaline  cupric  solution, 
and  is  oxidised  by  nitric  acid  to  oxalic  acid.  Some  kinds  of  gum  arabic  yield 
galactose  when  boiled  with  sulphuric  acid,  but  these  may  be  distinguished  by 
oxidising  with  nitric  acid,  when  they  yield  mucic  acid. 

532.  Inosite,  ov Jtesh-sugar,  CBH1206.2H20,  is  obtained  from  the  juice 
of  beef ; the  chopped  heart  or  lung  of  the  ox  is  exhausted  with  water, 
the  liquid  pressed  out,  mixed  with  a little  acetic  acid,  and  heated  to 
boiling.  The  liquid  filtered  from  the  coagulated  albumen  is  mixed  with 
lead  acetate,  filtered,  and  basic  lead  acetate  added  ; this  precipitates  a lead 
compound  of  inosite,  2C0H]2O6.5PbO,  which  is  to  be  suspended  in  water 
and  decomposed  by  H„S,  when  the  inosite  passes  into  solution.  The  lead 
sulphide  is  filtered  oft’,  the  solution  evaporated  on  the  water-bath  to  a 
syrup,  and  mixed  with  ten  volumes  of  alcohol  and  one  of  ether,  when 
the  inosite  is  precipitated.  It  forms  prismatic  crystals,  which  are  sweet 
and  soluble  in  6 parts  of  cold  water.  It  is  but  slightly  soluble  in  weak 
alcohol,  and  insoluble  in  absolute  alcohol  and  in  ether.  The  crystals 
effloresce  in  air,  and  become  anhydrous  at  100°  C.  Inosite  differs  from 
glucose  in  not  giving  a brown  colour  with  potash,  or  reducing  alkaline 
cupric  solution,  even  after  boiling  with  dilute  sulphuric  acid.  It  is  not  fer- 
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mentecl  by  yeast,  but  animal-ferments,  such  as  decaying  cheese,  convert 
it  into  lactic,  butyric  and  carbonic  acids.  Nitric  acid  oxidises  it  to  oxalic 
acid.  It  is  optically  inactive.  Inosite  may  be  identified  by  moistening 
it  with  dilute  nitric  acid,  evaporating  almost  to  dryness,  and  adding 
ammoniacal  calcium  chloride,  which  produces  a rose  colour.  Inosite 
solution  mixed  with  a drop  of  mercuric  nitrate  gives  a yellow  precipi- 
tate, which  becomes  red  when  heated. 

The  proportion  of  inosite  obtained  from  flesh  is  very  small ; many 
vegetables  contain  it  more  abundantly.  The  unripe  French  bean  yields 
0.75  per  cent,  of  inosite;  walnut-leaves,  in  August,  0.3  per  cent.  It  is 
also  present  in  the  leaves  of  ash  and  vine ; grapes  contain  it,  so  that 
inosite  is  found  in  wine.  Unripe  peas,  asparagus,  and  dandelion  contain 
inosite.  It  may  be  extracted  from  vegetables  by  exhausting  them  with 
water,  neutralising  the  acid  liquid  with  baryta,  and  treating  with  lead 
acetate  as  in  the  case  of  flesh. 

Inosite  has  been  found  in  the  urine  in  cases  of  Bright’s  disease. 

The  absence  of  reducing-power  in  inosite  indicates  that  it  is  not  an 
aldeliyd-sugar,  but  an  alcohol.  When  it  is  dissolved  in  strong  nitric  acid, 
and  strong  sulphuric  acid  added,  a precipitate  of  CGHG(N03)6  is  obtained, 
which  may  be  crystallised  from  alcohol  in  explosive  prisms,  the  mother 
liquor  from  which  yields  needles  of  C6H6(OH)s(NOs)3.  This  suggests 
that  inosite  is  a liexbydric  alcohol,  C6H6(OII)6. 

Scyllite,  C6H1206,  is  obtained  from  the  liver  of  the  dog-fish  ( Scyllium ),  skate, 
and  shark.  It  much  resembles  inosite,  but  is  less  soluble  in  water,  and  yields 
anhydrous  crystals. 

JJambose,  C0H12O,.,  is  so  called  from  the  native  name  for  caoutchouc,  which, 
when  exhausted  with  alcohol,  yields  a volatile  crystalline  body,  dambosite, 
CbH10(CH3)2O6,  which  yields  dambose  and  methyl  chloride  when  decomposed  by 
HC1.  Dambose  forms  prismatic  crystals,  soluble  in  water  but  not  in  alcohol. 
Borneo  dambose,  CGH1206,  is  obtained  by  the  action  of  hydriodic  acid  on  borne-  j 
site , C6Hn(CHs)06,  methyl  iodide  being  also  formed.  Bornesite  is  extracted  by 
alcohol  from  Borneo  caoutchouc. 

533.  Summary  of  the  principal  sugars. — The  sucroses,  or  saccharoses, 
when  dried,  all  have  the  composition,  C12H22Ou. 

They  all  rotate  the  plane  of  polarisation  of  light  towards  the  right 
hand. 

They  dissolve  in  absolute  alcohol,  except  cane-sugar  and  milk-sugar. 

They  do  not  reduce  alkaline  cupric  solution,  except  milk-sugar  and 
maltose. 

They  are  not  directly  fermented  to  alcohol  by  yeast,  except  maltose. 

The  glucoses,  when  dried,  all  have  the  composition  C?Hia06. 

They  all  rotate  the  plane  of  polarisation  towards  the  right,  except  fruit- 
sugar,  which  is  laevorotatory,  and  inosite,  which  is  inactive. 

They  dissolve  in  absolute  alcohol,  except  galactose  and  inosite. 

They  reduce  alkaline  cupric  solution,  except  inosite. 

They  are  not  directly  fermented  to  alcohol,  except  grape-sugar  and  fruit- 

sugar.  . 

534.  Starch,  or  amylose,  CcH10O6,  differs  from  the  sugars  in  being 
insoluble  in  cold  water,  and  therefore  tasteless,  and  in  not  forming  crys- 
tals, but  having  an  organised  structure  visible  under  the  microscope, 
which  is  not  seen  in  any  artificial  product  of  the  laboratory.  It  is  an 
indispensable  constituent  of  all  plants  (except  fungi),  and  is  stored  up 
in  their  seeds  and  tubers,  for  the  nourishment  of  the  young  shoots. 

To  obtain  starch  on  the  small  scale,  flour  (which  contains  about  60  per 
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cent.)  is  mixed  with  cold  water  to  a stiff  dough,  which  is  tied  up  in  fine 
muslin,  and  well  kneaded  in  a basin  of  distilled  water,  when  the  grains 
of  starch  pass  through,  leaving  the  tenacious  gluten  in  the  muslin.  The 
milky  fluid  is  allowed  to  settle  for  a few  hours,  the  greater  part  of  the 
water  poured  off,  the  starch  collected  on  a filter,  and  dried  by  exposure 
to  air. 

On  the  large  scale,  in  England,  starch  is  commonly  made  from  rice,  which 
contains  about  80  per  cent.  The  rice  is  soaked  for  24  hours  in  water  containing 
about  0.3  per  cent,  of  caustic  soda ; it  is  then  washed  and  ground  into  flour, 
which  is  again  soaked  for  two  or  three  days  in  a fresh  alkaline  solution ; the 
starch  is  allowed  to  settle,  and  the  alkaline  liquid,  holding  the  gluten  in  solution, 
is  drawn  off.  The  starch  is  then  stirred  up  with  water,  the  heavier  woody  fibre 
allowed  to  subside,  and  the  milky  liquid  is  run  off  into  another  vessel,  where  it 
deposits  the  starch.  This  is  transferred  to  drainers,  where  it  is  allowed  to  get 
partly  dry,  and  the  drying  is  finished  by  gradual  application  of  heat,  when  it 
splits  into  roughly  prismatic  fragments,  which  still  retain  about  1 8 per  cent, 
of  water.  Commercial  starch  is  generally  coloured  blue  by  a little  ultramarine  or 
smalt,  in  order  to  correct  the  yellow  tint  of  linen. 

Properties  of  starch. — Being  possessed  of  an  organised  structure,  starch 
varies  in  external  aspect,  according  to  the  plant  from  which  it  is  obtained. 
When  powdered  starch  is  examined  by  the  microscope,  it  appears  in 
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grains  resembling  some  of  those  in  fig.  285,  the  largest  grains  being 
those  of  potato-starch  (P),  about  T3-j-0-  inch  in  the  longest  diameter ; the 
smallest  are  those  of  rice  (R),  about  inch  in  diameter ; wheat  starch 
(W)  has  nearly  spherical  granules,  yoVo  inch  in  diameter;  (A)  is  the 
starch  of  arroioroot,  from  Maranta  arundinacea,  a tropical  plant.  When 
moistened  with  water  and  viewed  under  a microscope  provided  with  a 
polariser  and  analyser,  starch  granules  behave  like  doubly  refracting 
crystals,  exhibiting  a black  cross  when  the  planes  of  polarisation  of  the 
polariser  and  analyser  are  at  right  angles,  which  becomes  white  when 
the  analyser  is  turned  through  an  angle  of  90° ; this  is  best  seen  in  the 
starch  of  potato,  Indian  corn,  and  tons  les  mois  (from  Ganna  cocdnea  of 
the  Arrowroot  order).  The  starch  granules  are  composed  externally  of 
starch-cellulose,  or  farinose,  and  internally  of  granidose,  and,  perhaps, 
other  isomeric  bodies. 

Cold  water  does  not  act  on  starch,  unless  the  cell-walls  are  broken  by 
trituration,  when  a part  of  the  granulose  dissolves,  yielding  a solution 
which  is  strongly  dextrorotatory  and  is  coloured  blue  by  iodine,  which 
gives  a violet  colour  to  farinose.  When  starch  is  heated  with  water  to 
about  50  0.  (122°  F.),  the  granules  begin  to  burst,  which  is  completed 
at  about  70"  C.  (158°  F.),  when  the  granulose  is  dissolved  to  a viscous 
liquid,  which  becomes  a jelly  on  cooling,  and  a gummy  mass  when  dried. 
The  cell-wall  may  be  dissolved  in  the  cold  by  strong  alkalies,  acids,  and 
zinc  chloride.  When  starch  is  heated  with  glycerin  to  190°  C.  (374°  F.), 
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it  is  dissolved,  and  if  the  solution  be  mixed  with  alcohol,  soluble  starch 
is  precipitated,  and,  while  moist,  may  be  dissolved  by  water  or  weak 
alcohol.  Its  strong  aqueous  solution  becomes  a jelly  on  standing. 

The  aqueous  solution  of  starch  is  precipitated  by  alcohol,  by  baryta,  and  lime, 
and  by  ammoniacal  lead  acetate,  which  gives  CeH]0O5.PbO.  For  the  behaviour  of 
starch  with  iodine,  see  p.  1 75.  When  boiled  with  diluted  sulphuric  or  hydrochloric 
acid,  starch  is  converted  into  maltose  and  dextrin  (p.647).  Concentrated  nitric 
acid  dissolves  starch  in  the  cold,  and  if  the  solution  be  poured  into  water,  it  pre- 
cipitates xyloidin,  an  explosive  compound,  which  is  a mixture  of  C,,Hlg09(N03)  and 
CI2H1s08(N03)2.  If  a mixture  of  nitric  and  sulphuric  acids  be  used,  the  compound 
Ci2HJ6O0(NG3)4  is  obtained.  The  existence  of  these  compounds  suggests  that  starch 
should  be  represented  by  the  formula  C12H1(1Ob(HO),.  They  may  be  reconverted 
into  starch  by  reduction  with  ferrous  chloride  and  iron  filings. 

When  starch  is  heated  with  acetic  anhydride,  it  yields  an  insoluble  compound,  ] 
which  may  be  represented  as  C]2H,  ^OJCjjIFjO.;),..  It  yields  starch  and  potassium 
acetate  when  saponified  by  potash  ; this  represents  starch  to  be  a hexhydric  alco- 
hol, C12H140,(H0),  Strong  sulphuric  acid  dissolves  starch  in  the  cold,  apparently 
forming  a soluble  sulpho-acid.  When  heated,  carbonisation  takes  place. 

Starch  may  be  converted  into  cane-sugar  by  digesting  it  with  dilute  sulphuric 
acid  at  ioo°  C.  and  passing  an  electric  current  through  the  solution  until  it  is  no 
longer  coloured  by  iodine. 

When  starch  is  heated  to  about  205°  C.  (400°  F.)  for  some  hours,  it  acquires  a 
brownish  colour  and  becomes  soluble  in  cold  water,  having  been  converted  into 
the  isomeric  compound  dextrin.  This  conversion  of  starch  into  a soluble  form  is 
important  in  the  preparation  of  food.  In  toasting  bread  a portion  of  the  starch 
is  converted  into  dextrin,  which  is  dissolved  in  toast  and  water.  When  further 
heated,  starch  is  carbonised  and  yields  products  of  destructive  distillation  re- 
sembling those  from  sugar. 

535.  Dextrin,  or  British  yum,  C6H10O.,  is  prepared  by  moistening 
starch  with  one-third  of  its  weight  of  weak  nitric  acid  (0.66  per  cent.), 
drying  it  in  air,  and  heating  to  1150  C.  (240°  F.). 

There  are  two  varieties  of  dextrin — viz.,  erythro-dextrin,  which  is 
coloured  red  by  iodine  water ; and  achro-dextrin,  which  is  not  coloured. 
The  erythro-dextrin  is  formed  at  first  when  starch  is  boiled  with  diluted 
sulphuric  acid,  so  that  the  blue  starch-reaction  with  iodine  gives  place 
to  a red,  and  finally  ceases.  • Commercial  dextrin  gives  a violet  colour 
with  iodine,  because  it  contains  unaltered  starch  and  erythro-dextrin  ■ 
it  is  sweet  from  the  presence  of  glucose.  It  may  be  purified  by  dissolving 
in  water  and  precipitating  by  alcohol. 

Dextrin  dissolves  when  soaked  in  water,  and  is  left  on  evaporation  as 
a transparent  mass.  Its  solution  has  twice  the  dextrorotatory  power  of 
dextrose.  Pure  dextrin  does  not  reduce  alkaline  cupric  solution  ; but 
commercial  dextrin  does  so,  though  not  so  quickly  as  glucose.  When 
boiled  with  dilute  sulphuric,  or  hydrochloric  acid,  it  is  converted  into 
dextrose.  Nitric  acid  oxidises  it  to  oxalic  acid,  while  ordinary  gum 
yields  mucic  acid.  Heated  with  acetic  anhydride,  it  yields  an  acetyl- 
compound  isomeric  with  that  obtained  from  starch  (see  above),  which  is 
converted  into  the  dextrin-derivative  by  heating  to  160°  C.  Dextrin  is 
used  by  calico-printers  for  thickening  their  colours ; it  is  used  for  ad- 
hesive stamps,  for  confectionery,  and  for  stiffening  surgical  bandages. 

Inulin,  (C(.H1u0.)g.H,0,  was  first  obtained  from  elecampane  root 
( Inula  helenium),  an  aromatic  medicinal  plant.  It  is  also  found  in  the 
roots  of  the  dahlia,  and  in  the  Jerusalem  artichoke,  which  belong  to  the 
same  sub-order  ( C orymbifcrce ),  and  in  the  roots  of  dandelion  and  chit  on  j 
belonging  to  the  C ichor acece  ; all  being  plants  of  the  natural  order  C ovi- 
posit cc.  It  may  be  extracted  from  dahlia  roots,  which  contain  10  pei 
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cent.,  by  boiling  with  water,  which  deposits  the  inulin  on  cooling.  It 
is  not  coloured  blue  by  iodine,  and  does  not  reduce  alkaline  cupric  solu- 
tion. It  is  insoluble  in  alcohol.  Solution  of  inulin  is  kevorotatory. 
When  boiled  with  dilute  sulphuric  acid,  it  yields  lsevulose.  It  also  differs 
from  starch  in  being  unchanged  by  diastase. 

Glycogen,  or  animal  starch,  C#H10O4,  occurs  in  the  liver,  in  blood,  and  in 
flesh j also  in  yolk  of  egg,  and  in  oysters,  where  it  is  said  to  amount  to  9.5 
per  cent,  of  the  dried  fish.  It  is  most  abundant  in  the  liver  during  active 
digestion,  and  disappears  quickly  after  death,  being  converted  into  dex- 
trose by  fermentation.  To  prepare  glycogen,  the  minced  liver  is  ex- 
tracted with  water  as  long  as  it  runs  off  milky ; the  albumen  is  coagu- 
lated by  boiling,  and  the  filtrate  mixed  with  alcohol,  which  precipitates 
the  glycogen  ; it  is  purified  by  boiling  with  weak  acetic  acid  to  remove 
albuminoid  bodies,  again  precipitating  with  alcohol,  and  washing  with 
ether  to  remove  traces  of  fat.  When  dried  over  calcium  chloride, 
glycogen  has  the  formula  (C6HI0O5)2.H,O,  and  it  loses  the  H20  at 
ioo°  0.  It  it  an  amorphous  powder  like  starch,  swelling  in  water,  and 
yielding  a turbid  solution  on  heating.  The  solution  is  strongly  dextro- 
rotatory, and  gives  a wine-red  colour  with  iodine.  Glycogen  does  not 
reduce  alkaline  copper  solution,  and  is  not  fermented  by  yeast.  Dias- 
tase converts  it  into  maltose  and  dextrin,  as  it  does  starch  (p.  647).  It 
is  converted  into  dexti-ose  when  boiled  with  dilute  sulphuric  or  hydro- 
chloric acid,  or  when  placed  in  contact  with  saliva  or  pancreatic  juice. 

536.  Gums. — The  carbohydrates  of  this  group  resemble  dextrin  in 
yielding  viscous  solutions  in  water,  in  being  precipitated  by  alcohol,  and 
in  conversion  into  sugars  by  boiling  with  dilute  acids  : but  the  gums 
have  a marked  acid  tendency,  though  they  do  not  form  well-defined 
salts.  Moreover,  the  gums  yield  mucic  acid  when  oxidised  by  nitric  acid. 

Arabin,  or  Arabic  acid,  012H220U,  occurs  in  gum-arabic,  an  exudation 
from  various  tropical  acacias.  It  is  extracted  by  dissolving  the  gum  in 
water,  acidulating  with  HG1,  and  adding  alcohol,  which  precipitates  it  in 
white  flakes ; or  the  acid  solution  may  be  dialysed  (p.  114),  when  the 
aqueous  solution  of  arabin  remains  in  the  dialyser.  The  pure  aqueous 
solution  is  not  precipitated  by  alcohol,  but  the  presence  of  a minute 
quantity  of  a base  or  a salt  determines  the  precipitation.  The  aqueous 
solution  has  an  acid  reaction,  and,  on  evaporation,  leaves  a vitreous  mass, 
which  loses  water  above  1 20 J C.,  yielding  metarabin  isomeric  with  dextrin. 
This  does  not  dissolve  in  water,  but  increases  greatly  in  bulk.  Arabic 
acid  decomposes  alkaline  carbonates,  and  the  composition  of  its  salts 
indicates  the  formula  C3P>TI0GO33  or  H2C30HG4O.,.r  It  appears  to  occur  in 
gum-arabic  as  arabates  of  calcium,  magnesium,  and  potassium,  since,  when 
incinerated,  the  gum  leaves  about  3 per  cent,  of  ash  containing  those 
metals.  Arabin  gives  a characteristic  reaction  with  cupric  sulphate, 
followed  by  potash,  which  produces  a blue  precipitate,  insoluble  in  excess, 
and  neither  blackened  nor  reduced  by  boiling,  but  collecting  into  a blue 
mass,  leaving  the  liquid  colourless.  If  this  mass  be  dissolved  in  HC1, 
and  boiled  for  a short  time,  excess  of  potash  gives  a clear  blue  solution, 
which  deposits  much  red  cuprous  oxide  when  boiled.  When  arabin  is 
boiled  with  dilute  sulphuric  acid  it  is  converted  into  arabinose,  or  gum- 
sugar,  C(;H,A,  which  is  very  sweet,  strongly  dextrorotatory,  and  reduces 
alkaline  cupric  solution,  but  is  not  fermentable  ; it  may  be  crystallised. 
Dextrose  is  formed  at  the  same  time. 
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Gum  Senegal,  obtained  from  similar  sources,  is  used  by  calico-printers  to 
thicken  their  colours.  It  is  darker  in  colour  than  gum  arabic,  but  also  consists 
essentially  of  arabin. 

Metarabin,  or  cerasin,  C12H20O10,  is  found  in  the  gum  of  the  cherry-tree,  probably 
as  calcium  metarabate,  which  remains  undissolved  after  the  calcium  arabate 
which  accompanies  it  has  been  extracted  by  water ; when  heated  with  lime-water, 
it  is  converted  into  calcium  arabate,  which  dissolves.  It  is  also  found  in  the 
residue  of  beet-root  from  which  the  juice  has  been  expressed. 

Bassorin,  very  similar  to  cerasin,  occurs  in  Bassora  gum  and  in  gum  tragacanth, 
the  exudation  from  Astragalus  tragacantha,  a Papilionaceous  plant.  These  gums 
do  not  dissolve  in  water  like  gum  arabic,  but  swell  up  immensely  by  absorption 
of  water,  and  form  a mucilage.  When  boiled  with  dilute  acids  it  is  converted 
into  dextrose.  A substance  very  similar  to  bassorin  is  formed  in  the  ropy  or 
viscous  fermentation  of  saccharine  liquids.  The  mucilaginous  liquids  obtained  by 
boiling  linseed  ( linseed  tea),  quince-seed,  and  marshmallow  root  with  water, 
contain  bassorin,  or  some  allied  body. 

Gelose,  or  parabin,  G)2H2201I,  forms  the  greater  part  of  Ceylon  moss  ( Gracilaria 
lichenoides)  and  China  moss  ( G.  spinosa),  sea-weeds,  which  are  used  for  making 
soups  and  jellies.  Carrots  and  beet  also  contain  gelose.  When  dissolved  in  as 
much  as  500  parts  of  hot  water,  it  sets  to  a jelly  on  cooling.  It  also  differs  from 
the  other  bodies  of  this  group  by  dissolving  in  dilute  acids,  and  being  precipitated 
by  alkalies.  When  long  heated  with  alkalies  it  is  converted  into  arabin.  It  does 
not  appear  to  yield  a sugar  when  boiled  with  dilute  acids. 

537.  Cellulose,  C6Hi0O5,  is  the  substance  which  composes  the  walls 
of  plant  cells,  and  is  left  undissolved  after  the  matters  contained  in  and 
encrusting  the  cells  have  been  removed  by  various  solvents.  Hence, 
white  filter-paper,  prepared  cotton-wool,  and  well-washed  linen  consist  of 
nearly  pure  cellulose. 

Preparation  of  cellulose. — Sawdust  is  dried  at  no°  C.  and  boiled  with  a 
mixture  of  alcohol  and  benzene  to  extract  resinous  matters.  It  is  then 
washed  with  alcohol,  and  boiled  two  or  three  times  with  very  weak 
ammonia,  after  which  it  is  washed  and  digested  with  weak  bromine- 
water  (0.4  per  cent.)  until  it  no  longer  decolorises  the  bromine-water  after 
24  hours.  This  oxidises  the  vascidose  (formerly  called  lignin),  and  con- 
verts it  into  acids.  The  residue  is  washed,  and  heated  nearly  to  boiling 
with  water  containing  ^^-th  -part  of  its  volume  of  strong  ammonia ; this 
dissolves  the  oxidised  acids,  and  acquires  a brown  colour.  When  this  no 
longer  increases,  the  residue  is  again  washed,  and  the  treatment  with 
bromine-water  repeated  until  no  more  brown  colour  is  imparted  to  the 
ammonia;  a final  washing  with  water  and  boiling  with  alcohol  leave  the 
cellulose  pure. 

Properties  of  cellulose. — When  pure,  cellulose  is  white,  opaque,  ex- 
hibits an  organised  structure,  is  infusible  and  insoluble  in  all  ordi- 
nary solvents.  It  may  be  dissolved  by  Schioeitzers  reagent , which  is 
made  by  dissolving  cupric  hydrate  (p.  380)  in  ammonia.  The  cellu- 
lose is  reprecipitated  in  flakes  on  addition  of  an  acid.  When  cellulose 
is  subjected  to  destructive  distillation  it  yields  formic,  acetic,  propionic, 
and  butyric  acids,  but  no  methyl  alcohol  (which  is  derived  from  the 
vasculose  in  wood).  When  distilled  with  manganese  dioxide  and  sul- 
phuric acid,  it  yields  formic  acid.  Chlorine,  in  presence  of  moisture, 
slowly  acts  upon  cellulose,  so  that  paper  becomes  brittle  if  the  excess 
of  bleach  be  not  killed  by  an  antichlore  (p.  200).  Iodine  does  nob 
give  a blue  colour  with  pure  cellulose,  but  the  cellular  tissue  of  plants 
is  often  blued  by  it,  from  the  presence  of  a little  starch.  Ferric 
oxide  slowly  oxidises  cellulose,  and,  since  the  ferrous  oxide  is  repeatedly 
oxidised  again,  a continual  oxidation  and  corrosion  of  the  cellulose  is 
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kept  up,  as  may  be  seen  from  the  effect  of  iron-mould  on  linen  and  of 
rusty  nails  on  wood. 

Strong  sulphuric  acid  converts  dry  cellulose  into  a gummy  mass 
which  dissolves  in  the  acid  with  very  little  colour  in  the  cold.  If 
this  solution  be  immediately  poured  into  water,  it  yields  a gelatinous 
precipitate,  but  after  digestion  for  some  hours  with  the  acid,  a clear 
solution  is  formed  in  water,  and  if  this  be  largely  diluted  and  boiled, 
the  cellulose  is  converted,  first  into  dextrin,  and  then  into  dextrose, 
which  may  be  obtained  as  a syrup  by  neutralising  the  acid  liquid  with 
chalk,  filtering,  and  evaporating.  By  fermenting  this  dextrose,  the 
curious  transformation  of  rags  into  alcohol  may  be  accomplished. 
Cotton  wool  dissolves  in  a mixture  of  sulphuric  acid  with  one-fourth  its 
weight  of  water,  and,  on  dilution,  a precipitate  of  amyloid  is  obtained, 
which  is  isomeric  with  cellulose,  but  is  coloured  a fugitive  blue  by 
iodine. 

By  immersing  unsized  paper  in  a cold  mixture  of  strong  sulphuric 
acid  with  half  its  volume  of  water,  it  becomes  converted  externally 
into  amyloid.  This  is  turned  to  account  for  making  vegetable  parch- 
ment, which  is  five  times  as  strong  as  paper,  and  is  waterproof. 
After  immersion  in  the  acid,  the  paper  is  thoroughly  washed  with 
water  and  finally  with  weak  ammonia.  A strong  solution  of  zinc 
chloride  affects  the  paper  in  the  same  way.  The  'parchment  paper  is 
translucent ; it  may  be  boiled  in  water  without  disintegration ; it  re- 
ceives many  useful  applications,  as  for  luggage  labels  which  are  not 
easily  torn  or  destroyed  by  rain,  as  a substitute  for  bladder  in  tying 
over  preserves,  &c.,  and  for  making  dialysers. 

When  cellulose  is  left  for  twelve  hours  in  sulphuric  acid  of  sp.  gr.  1.453,  or  in 
hydrochloric  acid  of  sp.  gr.  1.16,  it  is  converted  into  a brittle  mass  of  hydro- 
cellulose,  CjjjHgjO,,,  which  is  more  easily  oxidised  than  cellulose,  and  dissolves  in 
hot  potash.  This  is  applied  for  dissolving  the  cotton  from  old  fabrics  containing 
wool,  the  latter  being  left  as  shoddy.  Dry  rot  is  ascribed  to  a similar  change  in 
the  wood  caused  by  acid  substances  generated  in  its  fermentation. 

Cellulose  swells  up  and  becomes  gummy  when  in  contact  with  strong  potash  or 
soda;  on  heating  to  160°  C.  with  strong  potash,  it  dissolves,  and  the  solution, 
when  acidified,  yields  a precipitate  isomeric  with  cellulose,  but  easily  soluble  in 
alkalies.  If  calico  be  soaked  for  half  an  hour  in  very  strong  potash  or  soda,  and 
washed  with  alcohol,  it  is  converted  into  C1.,H20K.iOn,  or  C,.2H20Na.JO11.  Both  com- 
pounds are  decomposed  by  carbonic  acid.  When  cellulose’  is  boiled  with  potash 
of  sp.  gr.  1.5,  it  dissolves  with  a brown  colour,  and  the  solution  deposits  brown 
flakes  ( ulmic  acid ) when  acidulated ; but  on  prolonged  heating,  the  colour  dis- 
appears, and  carbonate,  oxalate,  formate,  and  acetate  of  potassium  are  found  in 
solution.  By  fusing  cellulose  with  potash,  abundance  of  potassium  oxalate  is 
obtained  (see  Oxalic  acid). 

If  it  be  heated  to  200“  C.  with  potash  and  a little  water,  it  evolves  hydrogen 
and  methyl  alcohol,  leaving  potassium  carbonate,  oxalate,  acetate,  and  propionate. 

When  heated  with  strong  ammonia  to  1 50°  C.,  cellulose  is  slowly  converted  into 
a brown  gummy  deliquescent  mass  of  a bitter  taste. 

For  the  detection  of  cellulose  in  the  microscopic  examination  of  tissues,  advan- 
tage is  taken  of  its  conversion  into  amyloid  by  zinc  chloride,  and  of  the  bluipg  of 
this  by  iodine.  The  reagent  is  prepared  by  dissolving  six  per  cent,  of  potassium 
iodide  in  solution  of  zinc  chloride  of  sp.  gr.  1.8,  and  adding  as  much  iodine  as  it 
will  dissolve. 

By  heating  cellulose  with  8 parts  of  acetic  anhydride  in  a sealed  tube  to  1800  C., 
it  may  be  converted  into  tri-acetyl  celhdose — 

C0HI0Os  + 3(C,H30)20  = C0H7O2(O.C2H3O)s  + 3(H0.C2H30). 

The  new  compound  remains  dissolved  in  the  acetic  acid,  and  is  precipitated  on 
adding  water,  in  white  flakes  which  are  insoluble  in  alcohol  and  ether.  This 
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reaction  of  cellulose 
CliH702(0H)3. 


might  allow  it  to  be  regarded  as  a tri-hydric  alcohol, 


538.  Action  of  nitric  acid  on  cellulose. — Cold  dilute  nitric  acid  (sp.  gr. 


1.2)  does  not  act  on  cellulose  in  the  form  of  filter  paper,  and  scarcely 
when  heated  to  ioo°  0.  Acid  of  1.42  corrodes  it,  producing  amyloid  and 
malic  acid,  and,  on  boiling,  suberic  and  oxalic  acids.  Cotton,  linen,  or 
paper,  soaked  for  two  or  three  minutes  in  the  strongest  nitric  acid  and 
washed,  resembles  parchment,  and  is  waterproof  and  very  combustible, 
having  become  partly  converted  into  cellulo-trinitrin,  or  'pyroxylin ; 


C6Hr02(0H)3  + 3(HO.NO,)  = CGH702(0JSr02)3  + 3TIOH.  This  change, 


which  is  analogous  to  the  conversion  of  alcohol  into  the  ethereal  salts, 
is,  like  that  conversion,  much  facilitated  by  the  presence  of  strong 
sulphuric  acid,  which  may  either  act  simply  as  a dehydrating  agent  or 
may  form  an  intermediate  sulphonic  acid. 

If  pure  dry  cellulose  (prepared  cotton  wool)  he  steeped  for  some  time 
in  a cold  mixture  of  equal  molecular  weights  of  the  strongest  nitric  and 
sulphuric  acids,  and  afterwards  thoroughly  washed,  and  dried  by 
exposure  to  air,  it  has  the  composition  of  cellulotrinitrin  above  given, 
retaining  the  organised  structure  of  the  original  cotton,  hut  being 
somewhat  harsher  to  the  touch,  and  becoming  highly  electrified  when 
drawn  through  the  dry  hand. 

Cellulotrinitrin  is  insoluble  in  water,  alcohol,  and  ether,  either  sepa- 
rately or  mixed,  hut  it  dissolves  in  acetic  ether  and  in  ethereal  solution 
of  ammonia.  It  is  not  oxidised  by  potassium  permanganate,  as  cellulose 
is,  so  that  it  may  be  used  for  filtering  its  solution.  When  moderately 
heated,  it  burns  more  rapidly  than  gunpowder,  and  it  is  detonated  by 
the  blow  of  a hammer  or  by  the  rapid  vibration  caused  by  a smart 
detonation  in  its  vicinity.  Pyroxylin  dissolves  in  strong  sulphuric  acid, 
and  the  solution  is  not  blackened  by  heat.  Strong  nitric  acid  also 
dissolves  it  when  heated,  but  it  is  reprecipitated  by  strong  sulphuric- 
acid  or  by  water.  Strong  potash  dissolves  it  with  formation  of  potas- 
sium nitrate,  nitrite,  and  oxalate,  together  with  glucose  and  some  other 
organic  bodies.  The  formation  of  potassium  nitrate  would  he  expected 
if  pyroxylin  be  a nitric  ether  of  cellulose. 

Potassium  hydrosulphide,  in  alcoholic  solution,  reconverts  pyroxylin 
into  cellulose,  potassium  nitrite  being  found  in  solution— 


CgH702(0.N02)3  + 3KIIS  = C,.H70.,(0H)3  + 3KNO.,  + S3 


C,.H70./N03)3  + H24  = C,H702(0H)3  + 3NHs  + 6H20. 


This  shows  that  pyroxylin  is  not,  as  was  formerly  supposed,  the 
tr initrocellidose,  C6H7(N02)30.,  since,  in  that  case,  the  X02  group  would 
be  reduced  to  the  NH,  group,  and  an  amido-compound  would  be 

formed  (p.  579).  . . 

A strong  aqueous  solution  of  ferrous  chloride  containing  ML  1 also 

converts  pyroxylin  into  cellulose,  with  evolution  of  nitric  oxide — 
CuH.0.,(0.N02)3  + 6FeCL  + 6LIC1  = C6II702(0H)3  + 3Fe„Cla  + 3NO  + 3HX). 
This  would  be  the  result  expected  from  cellulose  trinitrate.  Iron  filings 
and  acetic  acid  reduce  pyroxylin  to  cellulose,  the  nascent  hydrogen 
converting  the  N03  group  into  NII.,- 


Pyroxylin  behaves  like  a nitrate  when  shaken  with  mercury  and 
strong  sulphuric  acid,  evolving  the  whole  of  its  nitrogen  as  nitric  oxide. 


oo^The  following  proportions  maybe  recommended  for  preparation  of  gun- 
cotton on  a small  scale Dry  1000  grains  of  pure  nitre  (page  455)  at  a vcr-' 
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moderate  heat,  place  it  in  a dry  retort  (fig.  286),  pour  upon  it  10  drachms  (by 
measure)  of  strong  sulphuric  acid,  and  distil  until  6 drachms  of  nitric  acid  have 
passed  over  into  the  receiver.  Dry  some  pure  cotton-wool,  and  weigh  o\it  30 
grains  of  it.  Mix  2\  measured  drachms  of  the  nitric  acid  with  an  equal  volume 
of  strong  sulphuric  acid  in  a small 
beaker.  Allow  the  mixture  to  cool, 
immerse  the  cotton-wool  in  separate 
tufts,  pressing  it  down  with  a glass 
rod,  cover  the  beaker  with  a glass 
plate,  and  set  it  aside  for  fifteen 
minutes.  Lift  the  cotton  out  with  a 
glass  rod,  throw  it  into  at  least  a pint 
of  water,  and  wash  it  thoroughly  in 
a stream  of  water  till  it  no  longer 


tastes  acid  or  reddens  blue  litmus  - 
paper.  Dry  the  cotton  by  exposure 
to  air  or  to  a very  moderate  heat. 

Very  great  attention  has  been  2°°' 

paid  to  the  manufacture  of  gun-cotton  during  the  last  few  years,  with  the 
object  of  producing  a perfectly  uniform  product  which  might  be  employed  as  a 
substitute  for  gunpowder. 

The  following  is  an  outline  of  the  process  now  generally  adopted  for]  the 
production  of  large  quantities  of  gun-cotton  by  Abel’s  process  : — 

Manufacture  of  gun-cotton. — The  cotton  is  employed  in  the  form  of  the  waste 
cuttings  from  spinning  machines  (cotton  waste),  and  is  thoroughly  cleansed. 

The  proportions  in  which  it  is  found  most  advantageous  to  mix  the  nitric  and 
sulphuric  acids  are  1 part  of  nitric  acid  (sp.  gr.  1.52)  and  3 parts  by  weight 
(or  2.45  by  volume)  of  sulphuric  acid  (sp.  gr.  1.84).  These  proportions  of  the 
acids  are  placed  in  separate  stoneware  cisterns  with  taps,  and  allowed  to  run 
simultaneously,  in  slow  streams,  into  another  stoneware  cistern  furnished  with  a 
tap  and  an  iron  lid,  through  a second  opening  in  which  an  iron  stirrer  is  employed 
to  mix  the  acids  thoroughly.  The  mixture  is  set  aside  for  several  hours  to  become 
perfectly  cool. 

A quantity  of  the  mixed  acids  is  drawn  off  into  a deep  stoneware  pan  standing' 
in  cold  water,  and  provided  with  a perforated  iron  shelf,  upon  which  the  cotton 
may  be  drained.  The  well-dried  cotton  is  immersed,  a little  at  a time,  in  the 
acid,  and  stirred  about  in  it  for  two  or  three  minutes  with  an  iron  stirrer.  It  is 
then  placed  upon  the  perforated  shelf,  and  the  excess  of  acid  squeezed  out  with 
the  stirrer.  Enough  acid  is  drawn  from  the  cistern  to  replace  that  which  has 
been  absorbed  by  the  cotton,  and  more  cotton  is  treated  in  the  same  way.  Since- 
a considerable  rise  of  temperature  is  produced  by  the  action  of  the  nitric  acid 
upon  the  cotton,  it  is  necessary  to  keep  the  pan  surrounded  with  cold  water.  A 
large  proportion  of  the  cotton  is  doubtless  converted  into  gun-cotton  in  this 
preliminary  immersion  in  the  mixed  acids ; but  in  order  to  convert  the  remainder, 
it  is  necessary  to  allow  the  cotton  to  remain  in  contact  with  the  acid  for  a much 
longer  period,  so  as  to  insure  its  penetration  into  eveiy  part  of  the  minute  twisted 
tubes  of  the  fibre.  The  preliminary  immersion  of  each  skein  has  the  advantage  of 
wetting  every  part  with  the  acid,  which  could  not  be  so  certainly  effected  if 
several  skeins  were  thrown  at  once  into  a jar,  and  of  preventing  the  great 
accumulation  of  heat  which  would  ensue  if  the  entire  chemical  action  were 
allowed  to  take  place  upon  a number  of  skeins  at  the  same  time.  The  amount 
of  heat  evolved  during  the  subsequent  soaking  in  acid  is  comparatively  small. 

The  skeins  are  next  transferred  to  a jar  with  a well-fitting  cover,  in  which  they 
are  pressed  down  and  completely  covered  with  the  mixed  acids,  of  which  from 
10  to  15  times  the  weight  of  the  cotton  will  be  required,  according  to  the  close- 
ness with  which  the  skeins  are  packed  in  the  jar.  The  jar  is  placed  in  cold  water, 
and  the  cotton  allowed  to  remain  in  the  acid  for  about  twelve  hours. 

The  skeins  are  then  removed,  with  the  aid  of  an  iron  hook,  to  a centrifugal 
extractor,  which  is  a cylinder  made  of  iron  gauze,  through  which  the  liquid  is 
whirled  out  by  the  rapid  rotation  of  the  cylinder  upon  an  axle.  In  this  they  are 
whirled,  at  first  slowly,  and  afterwards  at  800  revolutions  per  minute,  during  ten 
minutes,  when  the  bulk  of  the  acid  is  separated.  In  order  to  wash  away  the 
remainder  of  the  acid,  the  cotton  is  plunged,  suddenly,  into  a cascade  of  water  ; 
for  if  the  water  were  allowed  to  come  slowly  into  contact  with  the  mixed  acids,  so 
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much  heat  would  be  evolved  as  to  decompose  a portion  of  the  pyroxylin.  The 
cotton  is  then  drained  in  the  centrifrugal  extractor,  and  again  rinsed  in  much 
water  After  two  or  three  rinsings  it  is  reduced  to  pulp  in  a rag-engine  such  as  is 
employed  in  paper-mills.  The  pulp  is  thoroughly  washed  by  being  well  stirred  by 
a poaching-engine  for  about  forty-eight  hours  in  a stream  of  warm  watei,  so  as  to 
remove  every  trace  of  acid,  which  is  assisted  hy  rendering  the  water  alkaline 
with  a little  lime  or  carbonate  of  soda  or  with  ammonia.  The  pulp  is  then 
drained  moulded  into  discs  or  any  other  required  form,  condensed  by  hydraulic 
pressure  until  it  has  at  least  the  same  specific  gravity  as  water,  and  dried  upon 
heated  plates.  As  it  leaves  the  hydraulic  press,  the  cotton  contains  about  one- 
fifth  of  its  weight  of  water,  so  that  it  may,  if  required,  be  cut  up  or  bored  without 
danger  of  explosion. 

The  finished  gun-cotton  is  examined  by  the  following  tests : — 

1 . Four  grains  are  heated  in  a test-tube  placed  in  an  oil-bath,  and  containing  a slip 
of  moistened  paper  imbued  with  potassium  iodide  and  starch  (to  detect  nitrous 
vapours).  No  tinge  should  be  imparted  to  the  paper  till  the  temperature  of  the  oil 

reaches  190°  F.  (88°  C.).  . . , , , 

2.  The  experiment  is  repeated,  omitting  the  test-paper,  and  closing  the  tube 
with  a disc  of  card.  No  brown  fumes  should  be  perceived  on  looking  down  the 
axis  of  the  tube  below  a temperature  of  320°  F.  (1600  C.). 

3.  One  grain  is  heated  in  a test-tube  placed  in  an  oil-bath  till  it  explodes, 

which  should  not  happen  below  3430  F.  (173  C.).  . 

4.  The  gun-cotton  should  dissolve  entirely  m acetic  ether,  which  would  leave 

any  unconverted  cotton  undissolved.  . . . , , 

c Fifty  grains  of  the  gun-cotton  should  suffer  httle  loss  in  weight  when  di- 
gested for  two  or  three  hours  with  four  ounces  of  a mixture  of  one  volume  alcohol 
and  2 volumes  ether,  which  would  dissolve  any  collodion-cotton. 

C40.  Products  of  the  explosion  of  gun-cotton. — From  what  has  been  stated  w 1 1 
respect  to  the  products  of  explosion  of  gunpowder  (page  449),  it  might  be  expected 
that  those  furnished  by  gun-cotton  would  vary  according  to  the  conditions  under 
which  the  explosion  takes  place.  When  a mass  of  the  gun-cotton  wool  is  exploded 
in  an  unconfined  state,  the  explosion  is  comparatively  slow  (though  appearing  to 
the  eye  almost  instantaneous),  since  each  particle  is  fired  by  the  flame  of  that 
immediately  adjoining  it,  the  heated  gas  (or  flame)  escaping _ outwards,  so  that 
some  time  elapses  before  the  interior  of  the  mass  is  ignited.  But  when  the  ^un- 
cotton  is  enclosed  in  a strong  case,  so  that  the  flame  from  the  portion  fir^  igmtol 
is  unable  to  escape  outwards,  and  must  spread  into  the  interim  of  the  mass,  this 
is  ignited  simultaneously  at  a great  number  of  points,  and  the  decompositio 
takes  place  far  more  rapidly  ; a given  weight  of  cotton  being  thus 
much  shorter  time,  a far  higher  temperature  is  produced, 

of  the  explosion  are  much  less  complex,  as  would  be  expected  from  *he  ue 
known  simplifying  effect  of  high  temperatures  upon  chemical  compounds. 

If  a tuft  of  gun-cotton  wool  be  placed  at  the  bottom  of  a tall  glass ,e  ’ 
and  inflamed  by  a heated  wire,  it  will  be  seen  that,  immediately  after  the  exp  0 
sion  the  gas  within  the  cylinder  is  colourless,  but  it  soon  becomes  red,  showing 
that’ nitric  oxide  was  present  among  the  products,  and  became  converted  into 
n^Uic^neroxide  bvUie^oxygen  of  the  air.  The  water  formed  by  the  combustion 

of  the  hydrogen  converts  the  nitric  peroxide  into  nitrous  and  nitric  acids  (P-  H5)> 
and  hence  the  acid  character  of  the  moisture  deposited  m the  barrel  of  a fowling* 

■niece  in  which,  gun-cotton  cartridges  aie  employed.  i -• 

P A little  hydrocyanic  acid  can  be  detected  among  the  products  of  combustion  of 

l0°Sarfau  Tnd^Vieille  employing  a gun-cotton  containing  3 parts  of  cellulo- 
trinitrhie  anti  part  of  cellu JdinitrinS,  C0H7O„.OH.(NO3)2,  obtained,  per  gramme 

of  gun-cotton-  234  cub.  cent. 

Carbon  dioxide 



Nitrogen 


Total.  ..•••••  741  ” . 

At  low  pressures,  steam  was  also  produced,  together  with  more  carbonic  0x1  e 

'*£££ SiSSftke  pressure  produeed  by  the  detouatiou  of  guu-eottou, 


DETONATION  OF  GUN-COTTON. 


659 


compressed  to  a density  of  1.1,  at  24,000  atmospheres,  or  about  160  tons  per 
square  inch,  being  only  half  the  pressure  assigned  by  him  to  the  detonation  of 
mercuric  fulminate. 

The  experiments  hitherto  made  have  been  unfavourable  to  the  employment  of 
gun-cotton  as  a substitute  for  gunpowder  in  artillery,  on  account  of  the  injury 
which  its  violent  explosion  occasionally  inflicts  upon  the  gun.  For  use  in  fowl- 
ing-pieces, the  gun-cotton  pulp  is  diluted  with  a proportion  of  ordinary  cotton 
pulp,  and  made  into  a kind  of  paper  which  is  rolled  up  to  form  the  cartridges. 
Although  such  cartridges  leave  a considerable  carbonaceous  residue  when  fired 
•on  a plate,  they  leave  little  or  no  residue  when  fired  under  pressure. 

If  a piece  of  compressed  gun-cotton  be  kindled  with  a hot  wire,  it  burns 
rapidly  away,  producing  a large  volume  of  flame,  but  without  any  explosive  effect.* 
In  order  that  gun-cotton  fired  in  this  manner  might  be  used  for  destructive  pur- 
poses, it  was  found  necessary  to  confine  it  in  strong  cases,  so  that  the  flame  of 
the  portion  first  ignited  should  be  employed  in  raising  the  temperature  of  the 
rest  to  the  exploding  point. 

The  discovery,  made  by  E.  0.  Brown,  of  a method  by  which  the  unconfined  gun- 
cotton could  be  made  to  explode  with  most  destructive  violence,  has  opened  a 
new  career  to  this  material,  rendering  it  far  superior  to  gunpowder  for  all  blast- 
ing operations,  torpedoes,  &c.  It  is  only  necessary  to  explode  in  contact  with 
the  compressed  cotton  a detonating  fuze,  consisting  of  a little  tube  of  quill  or  thin 
metal  charged  with  a few  grains  of  mercuric  fulminate,  to  cause  the  cotton  to 
detonate  with  extreme  .violence ; and  such  detonation  can  be  communicated 
along  a row  of  pieces  of  compressed  cotton  placed  at  short  distances  from  each 
■other. 

This  capability  of  undergoing  what  may  be  termed  sympathetic  explosion  is  by 
no  means  confined  to  gun-cotton.  Previously  to  Brown’s  discovery,  Nobel  had 
shown  it  to  exist  in  the  case  of  nitroglycerin,  and  Abel  afterwards  proved  that 
most  explosives,  including  even  gunpowder,  can  be  made  to  detonate  in  a similar 
manner.  The  modus  operandi  of  the  detonating  fuze  appears,  from  the  experi- 
ments of  Abel,  as  well  as  from  those  of  Champion  and  Pellet,  to  consist  in  the 
influence  of  vibratory  motion,  and  the  nature  of  the  motion  necessarily  depends 
upon  the  nature  of  the  explosive.  That  it  is  not  a result  of  the  action  of  heat  is 
proved  by  the  circumstance  that  wet  gun-cotton  may  be  exploded  by  a detonating 
fuze,  so  that  torpedoes  may  be  charged  with  a mixture  of  gun-cotton  pulp  and 
water,  containing  15  per  cent,  of  the  latter,  if  a small  charge  of  dry  gun-cotton  be 
placed  in  contact  with  the  fuze.  It  has  been  found  that  the  wet  gun-cotton  is 
more  easily  detonated  when  in  a frozen  state. 

The  very  destructive  effect  of  the  gun-cotton  exploded  in  this  way  is,  of  course, 
due  to  the  sudden  manner  in  which  the  whole  mass  is  resolved  into  gaseous  pro- 
ducts. When  heat  is  the  cause  of  the  explosion,  it  must  be  comparatively  slow, 
for  gun-cotton  transmits  heat  slowly,  but  the  vibration  caused  by  detonation  is 
transmitted  with  the  velocity  of  sound,  and  the  explosion  becomes  rapid  in  pro- 
portion. 

541.  Propert  ies  of  gun-cotton  compared  with  those  of  gunpowder. — Gun-cotton  is 
more  easily  exploded  than  gunpowder  ; the  latter  requires  a temperature  of  at 
least  600°  F.  (316°  C,),  whilst  gun-cotton  may  explode  at  2770  F.  (136°  C.),  and 
must  explode  at  400°  F.  (204°  C. ).  It  is  very  difficult  to  explode  gunpowder  by 
percussion,  even  between  a steel  hammer  and  anvil ; birt  gun-cotton  invariably 
detonates  in  this  way,  though  the  explosion  is  confined  to  the  part  under  the 
hammer.  The  explosion  of  gun-cotton  is,  of  course,  unattended  by  any  smoke,  a 
most  important  advantage  in  mines,  the  atmosphere  of  which  is  sometimes  ren- 
dered almost  intolerable  by  the  smoke  of  gunpowder  used  in  blasting,  but  death 
has  been  caused  by  the  large  amount  of  carbonic  oxide  generated  by  the  gun- 
cotton. The  absence  of  residue  from  the  gun-cotton  prevents  the  fouling  of  guns, 
and  renders  it  unnecessary  to  sponge  them  after  each  discharge,  for  the  amount 
of  incombustible  mineral  matter  present  in  the  cotton  is  very  small  (from  1 to  2 
per  cent.),  and  is  entirely  scattered  by  the  explosion. 

9 Too  much  stress,  however,  should  not  be  laid  upon  this  as  rendering  gun-cotton 
magazines  safer  in  case  of  fire  than  gunpowder  magazines.  The  experiment  with  gun- 
powder mentioned  at  page  454  shows  that  if  all  the  particles  of  an  explosive  be  raised  at 
once  to  nearly  the  inflaming  point,  the  first  particle  which  inflames  will  cause  the  detona- 
tion of  the  remainder.  Since  the  inflaming  point  of  gun-cotton  is  low,  the  above  condition 
would  be  easily  fulfilled  in  a conflagration. 
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It  has  already  been  mentioned  that  the  explosion  of  gun-cotton  does  not  impart 
so  much  heat  to  the  metal  of  the  gun  as  that  of  powder,  the  difference  being  so- 
great  that,  after  firing  ioo  rounds  with  gun-cotton,  the  gun  was  not  so  much 
heated  as  after  30  rounds  with  gunpowder.  This  important  advantage  of  gun- 
cotton is  probably  due  to  the  circumstance  that  the  charge  of  gun-cotton  is  only 
one-third  of  the  charge  of  powder,  that  the  explosion  of  the  former  is  so  much 
more  rapid,  leaving  less  time  for  the  communication  of  heat  to  the  metal,  and 
that  there  are  no  highly  heated  solid  products  left  in  contact  with  the  gun.  Gun- 
cotton wool  may  be  fired  upon  the  palm  of  the  hand  with  impunity,  or  upon  a 
heap  of  gunpowder  without  kindling  it ; although  it  cannot  be  doubted  that  the- 
temperature  of  the  flame  is  really  much  higher  than  the  inflaming  point  of  pow- 
der. That  the  recoil  of  a gun  charged  with  gun-cotton  is  only  two-thirds  of  that 
experienced  with  gunpowder  is  probably  due  to  the  rapidity  of  the  explosion, 
which  allows  less  time  for  overcoming  the  inertia  of  the  gun  ; the  difference  in 
recoil  taking  the  form  of  strain  upon  the  metal  composing  the  gun. 

It  is  evident,  from  the  consideration  of  its  manufacture,  that  gun-cotton  is- 
entirely  uninjured  by  water,  so  that  a store  of  this  explosive  is  kept  immersed  in 
water  ; whereas  gunpowder  is,  of  course,  rendered  useless  by  contact  with  water, 
which  dissolves  out  the  nitre.  Even  when  exposed  to  very  damp  air,  gunpowder 
is  liable  to  injur}7  from  the  effect  of  moisture  in  partially  separating  the  nitre- 
from  the  other  ingredients,  whilst  gun-cotton  only  requires  exposure  to  a dry 
atmosphere  for  a short  time  to  render  it  fit  for  use.  The  proportion  of  moisture 
retained  by  gun-cotton,  in  the  ordinary  state  of  the  atmosphere,  is  2 per  cent. 

As  an  objection  to  the  employment  of  gun-cotton  as  a substitute  for  gunpowder, 
it  has  been  asserted  that  the  cellulo-trinitrine  is  liable  to  undergo  spontaneous 
decomposition,  which  might  at  any  time  render  the  contents  of  a magazine 
unserviceable,  or  might  even  give  rise  to  the  evolution  of  a sufficient  amount  of 
heat  to  cause  an  explosion.  The  origin  of  this  objection  is  to  be  traced  to  the  old 
process  for  preparing  gun-cotton,  in  which  the  acids  were  not  allowed  to  act  upon 
the  cotton  for  a sufficient  length  of  time,  so  that  the  whole  of  the  cotton  was  not 
converted  into  true  gun-cotton,  but  some  less  stable  substitution-products  were 
formed  at  the  same  time.  Another  cause  of  spontaneous  alteration  is  the  im- 
perfect washing  of  the  gun-cotton,  whereby  minute  traces  of  acid  are  left  in  the 
fibre.  All  recent  experiments,  by  Abel  and  others,  appear  to  have  proved  that, 
considering  its  highly  complex  character,  pure  gun-cotton  is  a very  stable  com- 
pound under  ordinary  conditions ; although,  when  kept  in  a moist  state,  it 
develops  traces  of  acid-products,  the  temperature  does  not  rise  to  any  important 
extent,  nor  is  the  explosive  quality  of  the  material  at  all  injured.  A little  carbolic 
acid  is  sometimes  added  to  wet  gun-cotton  kept  in  store,  to  prevent  the  giowth 


of  mould. 

542.  Soluble  pyroxylin,  or  collodion-cotton,  C18H2106(H0)(N03)S,  is  the 
product  of  the  action  upon  cellulose  of  a mixture  of  nitric  and  sulphuric 
acids  slightly  diluted  with  water  (HN03  + H2S04  + i|H20).  It  differs 
from  pyroxylin  in  being  soluble  in  a mixture  of  ether  with  one-sev  enth 
of  alcohol,  yielding  a viscous  solution,  which  leaves  the  transparent 
collodion  film  when  evaporated.  It  is  much  less  rapidly  combustible 


than  pyroxylin. 

In  order  to  prepare  the  soluble  cotton  for  collodion,  3 measured  ounces  of 
ordinary  nitric  acid  (sp.  gr.  1.429)  are  mixed  with  2 ounces  of  water  in  a pint 
beaker.  Nine  measured  ounces  of  strong  sulphuric  acid  (sp  gr.  1.839)  are  added 
to  this  mixture,  which  is  continually  stirred  whilst  the  acid  is  being  added.  A 
thermometer  is  placed  in  the  mixture,  which  is  allowed  to  cool  to  140  *., 
100  grains  of  dry  cotton  wool,  in  ten  separate  tufts,  are  immersed  in  the  mixture 
for  five  minutes,  the  beaker  being  covered  with  a glass  plate.  The  acid  is  then 
poured  into  another  beaker,  the  cotton  squeezed  with  a glass  rod,  and  thrown 
into  a large  volume  of  water  ; it  is  finally  washed  111  a stream  of  watei  till  it  is  no 

longer  acid,  and  dried  by  exposure  to  air.  . mQTinor . 

Collodion  balloons.- These  balloons  may  be  made  in  the  following manner 
Six  grains  of  collodion-cotton,  prepared  according  to  the  above  directions,  are 
dissolved  in  a mixture  of  1 drachm  of  alcohol  (sp.  gr.  . 35)  an  1 ' ' . 

ether  (sp.  gr.  .725)  in  a corked  test-tube.  The  solution  is  poured  into  a dry 
Florence  flask,  which  is  then  turned  about  slowly,  so  that  every  part  of  1 s 
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surface  may  be  covered  with  the  collodion,  the  excess  of  which  is  then  allowed  to 
drain  back  into  the  tube.  Air  is  then  blown  into  the  flask  through  a long  glass 
tube  attached  to  the  bellows  as  long  as  any  smell  of  ether  is  perceptible.  A pen- 
knife blade  is  carefully  inserted  between  the  flask  and  the  neck  of  the  balloon, 
which  is  thus  detached  from  the  glass  all  round  ; a small  piece  of  glass  tubing,  is 
introduced  for  an  inch  or  two  into  the  neck  of  the  balloon,  so  that  the  latter  may 
cling  round  it.  Through  this  tube  air  is  drawn  out  by  the  mouth,  until  one-half 
of  the  balloon  has  left  the  side  of  the  flask  and  collapsed  upon  the  other  half  ; by 
carefully  twisting  the  tube,  the  whole  of  the  balloon  may  be  detached  and  drawn 
out  through  the  neck  of  the  flask,  when  it  must  be  quickly  untwisted,  distended 
by  blowing  through  the  tube,  tied  with  a piece  of  silk,  and  suspended  in  the  air 
to  dry.  The  average  weight  of  such  balloons  is  2 grains. 

Celluloid , or  artificial  ivory,  or  xylenite,  used  for  combs,  billiard  balls,  &c.,  is 
essentially  compressed  collodion-cotton  mixed  with  camphor  and  zinc  oxide. 

When  collodion -cotton  is  kept  for  some  time,  especially  if  at  all  damp,  it 
undergoes  decomposition,  filling  the  bottle  with  red  fumes,  and  becoming  con- 
verted into  a gummy  mass,  which  contains  oxalic  acid. 

543.  By  acting  upon  cellulose  with  a mixture  represented  by  the  formula 
HN03  + H2S04  + 2H20,  the  compound  ClsH2106(H0)2(N03)7  is  produced,  which  is 
soluble  iu  ether  and  in  glacial  acetic  acid. 

When  the  composition  of  the  mixture  corresponds  to  HN03  + H2S04  + 2^H20,  a 
fourth  compound,  C6H702(H0)(N03)2,  is  produced,  which  does  not  dissolve  in  hot 
glacial  acetic  acid,  and  is  sparingly  soluble  in  alcohol  and  ether. 

The  lowest  common  denomination  of  the  molecule  of  cellulose  under  which 
these  compounds  can  be  brought  is  (C6H10O3)3 ; the  celhdo-nitrins,  or  nitric  ethers 
of  cellidose,  will  then  be  as  follow — 

C1sH.210i,(N03),i,  insoluble  in  alcohol  and  ether  and  in  glacial  acetic  acid. 

C1sH.",0u.H0.(N03)s,  soluble  in  alcoholic  ether  ; insoluble  in  acetic  acid. 

C1sH.2106(H0).,(N03)j,  soluble  in  ether  and  in  acetic  acid. 

CisH2106(H0)3(N 03)(i,  insoluble  in  acetic  acid. 

The  existence  of  these  compounds  indicates  for  cellulose  the  formula 
ClsH2106(0H)8,  a nonohydric  alcohol. 

544.  Para-cellulose  is  distinguished  from  cellulose  by  not  dissolving  in  ammonio- 
cupric  solution  until  it  has  been  boiled  with  very  dilute  hydrochloric  acid  ; it  is 
found  in  the  epidermic  cells  of  leaves  and  in  root-tissue. 

Meta-cellidose  is  insoluble  in  ammonio-cupric  solution,  even  after  boiling  with 
hydrochloric  acid  ; it  also  differs  from  cellulose  by  dissolving  in  cold  moderately 
■dilute  sulphuric  acid.  It  occurs  chiefly  in  fungi  and  lichens. 

Vasculose,  Cl8H„0Os,  is  the  chief  constituent  of  the  vessels  which  bind 
the  wood-cells  and  fibres  together.  It  may  be  obtained  by  boiling  the 
pith  of  the  willow  with  very  dilute  HC1  to  convert  the  para-cellulose 
into  cellulose,  and  then  digesting  it  with  ammonio-cupric  solution  to 
dissolve  the  cellulose.  Vasculose  is  dissolved  when  heated,  under  pres- 
sure, to  130°  C.  with  moderately  strong  alkaline  solutions,  to  a brown 
liquid  which  gives  a dark  brown  precipitate  with  acids.  This  is  turned 
to  account  for  extracting  vasculose  from  the  crude  fibre,  such  as  wood 
and  straw,  intended  for  the  manufacture  of  paper,  the  cellulose  being 
left.  It  is  also  acted  on  by  oxidising  agents,  such  as  chlorine-water  and 
chloride  of  lime,  which  do  not  attack  cellulose,  but  convert  vasculose 
into  resinous  substances  soluble  in  alkalies.  When  distilled,  vasculose 
yields  methyl  alcohol,  which  is  not  obtained  from  cellulose.  It  also  yields 
more  acetic  acid  than  cellulose. 

The  proportion  of  vasculose  increases  with  the  hardness  and  density  of 
the  wood.  Poplar  contains  18  per  cent,  of  vasculose  and  64  percent,  of 
cellulose  and  para-cellulose,  whilst  oak  contains  28  per  cent,  of  vasculose 
and  53  of  cellulose  and  para-cellulose,  and  iron  wood  ( Ostrya  virginicct) 
contains  40  per  cent,  of  vasculose  and  2 7 of  cellulose  and  para-cellulose. 
The  shells  of  nuts  contain  more  vasculose  in  proportion  to  their  hard- 
ness ; walnut  shells  contain  44  per  cent.,  and  cocoa-nut  shells  58  per 
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cent.  Vasculose  is  always  accompanied  in  the  wood  by  resinous  matters, 
which  give  rise  to  the  difference  of  colour  in  woods,  and  by  a small 
quantity  of  nitrogenised  matter,  and  of  ash  deposited  with  it  from  the 
sap. 

Cutose  is  obtained  from  the  outer  layer  of  the  epidermis  of  leaves  and  fruits  by 
extracting  with  boiling  dilute  hydrochloric  acid,  ammonio-cupric  solution,  alcohol, 
and  ether  (to  extract  waxy  bodies).  It  is  much  richer  in  carbon  and  hydrogen 
than  cellulose,  containing  68.29  per  cent,  of  C,  8.95  per  cent,  of  H,  and  22.76  per- 
cent. of  oxygen.  Cutose  dissolves  slowly  in  boiling  dilute  solutions  of  alkalies 
and  their  carbonates,  and  is  reprecipitated  by  acids.  When  dissolved  in  concen- 
trated solution  of  potash,  there  are  separated,  on  adding  an  acid,  two  easily  fusible 
acids  resembling  fatty  acids  ; these  are  oleocutic  acid,  C14H20O4,  and  stearocutic 
acid,  C28H4804.  Cutose  is  believed  to  be  a compound  of  these  acids. 

Cutose  appears  to  be  identical  with  the  suberin  found  in  cork,  which  is  found 
to  contain  43  per  cent,  of  cutose,  29  of  vasculose,  12  of  cellulose  and  para -cellulose, 
and  9 per  cent,  of  substances  soluble  in  ether  and  alcohol. 

Tunicin,  C(.H10O.,  or  animal  cellulose,  is  prepared  from  the  outer  covering  or 
mantle  of  the  mollusks  belonging  to  the  class  Tunicata.  The  mantle  is  long  boiled 
with  hydrochloric  acid  and  potash,  in  succession,  and  the  residue  washed  with 
water,  alcohol,  and  ether.  Tunicin  is  left  as  a translucent  mass,  so  closely  re- 
sembling cellulose  in  properties  that  it  is  believed  by  some  chemists  to  be  identical 
with  it. 

Chitin,  CaH15NO,  is  the  chief  constituent  of  the  shells  of  crabs,  lobsters,  and 
beetles,  and  is  left  after  exhausting  them  with  water,  alcohol,  ether,  acetic  acid, 
and  alkalies.  It  is  a white  translucent  substance,  which  dissolves  in  cold  con- 
centrated sulphuric  acid,  giving  a solution  which  yields  glucose  when  diluted. 

545.  Glucosides. — The  compounds  belonging  to  this  class  are  capable 
of  conversion  into  a sugar  and  some  other  compound  by  the  action  of 
acids,  alkalies,  and  certain  ferments,  the  change  being  generally  the 
result  of  hydrolysis  or  decomposition  attended  by  appropriation  of  the 
elements  of  water.  They  are  chiefly  found  in  plants,  and  generally 
yield  products  of  decomposition  belonging  to  the  aromatic  group.  Some 
of  them  have  been  already  noticed. 

Salicin,  C13H1807,  is  extracted  from  willow-bark  (Salix)  by  boiling  it 
in  water,  removing  the  colouring  matter  and  tannin  from  the  solution 
by  boiling  with  lead  hydrate,  precipitating  the  excess  of  lead  by  H,S,. 
and  evaporating  the  filtered  liquid,  when  the  salicin  crystallises  in 
needles  which  may  be  recrystallised  from  alcohol.  It  forms  bitter 
colourless  prisms  which  dissolve  in  about  30  parts  of  cold  water ; it  is 
more  soluble  in  alcohol,  but  insoluble  in  ether.  It  is  readily  distin- 
guished by  the  bright  red  colour  which  it  gives  with  strong  sulphuric 
acid,  which  detects  it  when  applied  to  the  inner  bark  of  the  willow. 
When  fermented  by  emulsin  (p.  504)  or  saliva,  its  aqueous  solution  yields 
glucose  and  salicyl-alcohol  or  saligenin — 

C13HIS07  + H,0  = C0H12O6  + C6H4(OH).CH2.OH. 

The  saligenin  gives  a blue  colour  with  fei’ric  chloride. 

When  solution  of  salicin  is  boiled  for  some  time  with  dilute  sulphuric 
or  hydrochloric  acid,  it  yields  an  amorphous  precipitate  of  saliretin,  a 
product  of  the  decomposition  of  saligenin — 

2C7Hs02  0 saligenin ) = H.,0  + CmHh03  (saliretin). 

Sulphuric  acid  and  potassium  dicliromate  convert  salicin  into  oil  of 
spiraea  (p.  505).  Fused  with  potash,  it  yields  potassium  salicylate 
(p.  <24).  Dilute  nitric  acid  converts  salicin  into  helicin — 

U ’ C,sH]807  + 0 = C13H(u07  + h2o. 

This  is  also  a glucoside,  yielding  glucose  and  oil  of  spiraea  when  hydio- 
lysed  by  ferments  or  acids ; C18TI1G07  + H20  = CGII1206  + C7IIG04.  Strong, 
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nitric  acid  converts  salicin  into  nitrosalicylic  acid,  CG1I3.0H.N02.C02H. 
When  acted  on  by  chlorine,  salicin  yields  substitution-products  con- 
taining one,  two,  and  three  atoms  of  chlorine,  and  these,  when  boiled 
with  dilute  acids  yield  the  corresponding  chlorosaligennis.  . 

Salicin  is  occasionally  administered  as  a febrifuge,  and  is  a common 
adulteration  of  quinine. 

Popidin,  or  leneoyl-salicin,  C13H17(C7H50)07,  is  a sweet  crystalline  body  existing 
together  with  salicin,  in  the  bark  and  leaves  of  the  aspen  {Populus  tremula),  a tree 
of  the  Willow  order,  and  mav  be  extracted  m the  same  way  as  salicin.  When 
boiled  with  barium  hydrate,  it  yields  salicin  and  benzoic  acid ■ (which ‘ becomes 
barium  benzoate)  ; Cl3H17(C7H50)07  + H20  — C13H1807  + C,  s • • . 

dilute  acids,  it  is  converted  into  benzoic  acid,  saliretin,  and  glucose.  It  is  obtained 
artificially  by  fusing  salicin  with  benzoic  anhydride 

' C,„HluO,  + (C7H50)20  = C13H17(C7H50)07  + c7h5o.oh. 


Arbutin  C is  found  in  the  leaves  of  the  bear-berry  (Arbutus  uvaursi ), 

an  astringent  plant  of  the  Heath  order,  sometimes  used  medicinally,  and  in  1 yrola 
umbellate also  a medicinal  plant  of  the  closely  allied  Winter-green  order.  It  may 
be  prepared  like  salicin,  and  crystallises  in  bitter  needles  from  its  aqueous  solu- 
tion. Emulsin  or  dilute  acids  decompose  it  into  glucose  and  hydroquinone ; 

'C21 Ho'o'o  (<f>\oi6 s, 4 bark*  and  plfa,  root),  is  extracted  by  hot  alcohol 
from  the  root-bark  of  the  apple,  pear,  plum,  and  cherry  tree.  It  crystallises  from 
hot  water  in  bitter  needles  with  2Aq.  When  boiled  with  dilute  acids,  it  yields 
glucose  and phloretin;  C21H24O10  + H2O  = C6H12O6  + C15Hl4O5.  When  exposed  to  air 
in  the  presence  of  ammonia,  it  is  converted  into  a fine  purple  colouring  matter, 

phlorizein,  C,,1H30N2O13=(C2lH24O10  + 2NH3  + O3).  ..  , , 

Ghicyphyltin,  C21H2409,  is  a crystalline  substance  allied  to  phlorizin,  extracted 
from  the  leaves  of  Smilax  glycypliylla,  an  Australian  plant  of  the  Sarsaparilla  order. 
It  is  sparingly  soluble  in  cold  water,  but  dissolves  in  hot  water  and  in  alcohol. 
Its  solution  tastes  like  liquorice.  It  does  not  reduce  alkaline  copper  solutions, 
and  is  not  precipitated  by  normal  lead  acetate,  though  it  is  by  the  basic  acetate. 
When  boiled  with  dilute  sulphuric  acid,  it  yields  phloretin  and  isodulcite 
CjjjHjjjOg  + 2H..0  = C16H1405  + C6H1406. 

Hesperidin,  C22H260)2,  is  contained  in  the  fruit,  leaves,  and  stalks  of  the  orange- 
tree  and  other  members  of  the  same  family ; it  is  resolved  by  acids  into  glucose 

and  Imperitin,  C16H1406.  , 

yEsculin,  C1SH1609,  is  extracted  by  boiling  water  from  the  bark  of  the  horse- 
chestnut  (JEsculus  hippocastanum ),  sometimes  used  as  a febrifuge.  The  infusion 
of  the  bark  is  mixed  with  lead  acetate,  to  precipitate  the  tannin  and  colouring 
matter,  filtered,  the  excess  of  lead  precipitated  by  H2S,  and  the  filtered  solution 
evaporated,  when  msculin  crystallises  in  colourless  needles  containing  2Aq, 
sparingly  soluble  in  cold  water,  but  readily  in  hot  water  and  in  alcohol.  The 
aqueous  solution  is  slightly  bitter,  and  has  a strong  blue  fluorescence,  destroyed 
by  acids,  and  restored  by  alkalies.  Emulsin  and  boiling  dilute  acids  convert 
sesculin  into  glucose  and  casculetin;  C15H1608  + H20  = CsH120B  fCgHu04.  /Esculetin 
exists,  in  small  quantity,  in  horse-chestnut  bark.  Puviin  or  fraxm  accompanies 
msculin  in  horse-chestnut  bark.  It  is  more  soluble  in  ether  than  assculin,  and 
has  a green  fluorescence.  Praxin  is  obtained  in  larger  quantity  from  the  bark  of 
the  ash  ( Fraxinus  excelsior)  which  is  also  febrifugal.  Trees  of  the  genus  Pavia, 
belonging  to  the  same  order  as  horse-chestnut  (, Soapworts ),  yield  more  pavnn 
than  msculin.  The  formula  of  paviin  is  not  settled. 

546.  Amygdalin , C,0H27NOU,  is  extracted  from  bitter  almonds,  the 
kernels  of  the  fruit  of  Amygdalus  communis,  of  which  one  variety 
yields  the  sweet  almond,  containing  no  amygdalin.  The  almonds  are 
pressed  to  extract  the  fixed  oil  (not  the  essential  oil,  but  a glyceride), 
and  the  bitter  almond  cake  is  boiled  with  alcohol,  from  which  the  amyg- 
dalin crystallises  in  pearly  scales  which  dissolve  in  water,  and  crystallise 
from  it  in  prisms  with  3Aq.  Amygdalin  may  also  be  extracted  from 
the  kernels  of  peaches  and  nectarines,  both  fruits  of  varieties  of  amyg- 
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dalus.  It  is  also  present  in  the  leaves  and  kernels  of  several  species 
of  cherry,  and  the  bitter  almond  oil  formed  from  it  confers  the  flavour 
upon  cherry-brandy,  noyau,  ratafia,  and  maraschino.  The  production 
of  glucose,  hydrocyanic  acid,  and  benzoic  aldehyd,  by  the  action  of 
emulsin  on  solution  of  amygdalin,  has  been  already  noticed  (p.  504). 
When  long  boiled  with  baryta,  it  yields  ammonia  and  the  bai'ium-salt 
of  amygdalic  acid,  C20H28O13.  This  acid  is  a glucoside,  for  when  boiled 
with  dilute  acids  it  is  converted  into  glucose  and  mandelic  acid ; 
02„H28013  + 2H20  = 2C6H1206  + C8H803.  Mandelic  acid  (mandel,  almond  ; 
German)  is  really  phenyl-glycolic  acid,  CH.C6H..OH.CO„H,  and  may  be 
obtained  from  bitter-almond  oil  by  combining  it  with  hydrocyanic  acid 
to  form  C,.H..COH.  HCN,  and  boiling  with  hydrochloric  acid,  which  pro- 
duces mandelic  acid  and  ammonium  chloride — 

CeH5.COH.HCN  + HC1  + 2H20  = CH.C6H5.0H.C02H  + NH4CL 
On  evaporating  and  treating  with  ether,  the  mandelic  acid  is  dissolved 
out.  It  is  metameric  with  anisic  acid. 

Daphnin,  CI5H1609,  isomeric  with  resculin,  is  obtained  from  the  bark  of  Daphne 
mezereum,  used  as  a remedy  for  toothache.  Dilute  acids  convert  it  into  glucose 
and  daphnetin;  C15Hlf.Og  + H20  = C6H1208  + C9H,,04. 

Convolvulin,  C31H50O16,  and  its  homologue  jalapin,  C34H5B0I6,  are  the  purgative 
principles  of  certain  of  the  Comolvulacece,  such  as  jalap  and  scammony.  They  are 
amorphous  bodies,  which  yield  glucose,  and,  respectively,  convolvulinol,  C13HO403, 
and  jalapinol,  C]6H30O3,  when  hydrolysed  by  acids  or  emulsin.  Turpethin , isomeric 
with  jalapin,  is  extracted  from  the  roots  of  Convolvulus  turpethum,  also  used  as  a 
purgative. 

Helleborein,  C26H44015,  is  the  narcotic  poison  from  the  root  of  black  hellebore,  a 
plant  of  the  Buttercup  order.  It  crystallises  in  needles,  which  dissolve  easily 
in  water,  but  sparingly  in  alcohol. 

Digitalin,  CS4HS4027,  is  the  poisonous  glucoside  extracted  from  the  seeds  of  the 
foxglove  ( Digitalis  purpurea).  It  is  crystalline,  sparingly  soluble  in  water  and 
ether,  but  dissolves  in  alcohol  and  chloroform.  Strong  sulphuric  and  hydro- 
chloric acids  dissolve  it  with  a green  colour. 

Saponin,  C32H540ls,  is  found  in  the  soap-wort,  in  the  root  of  the  clove-pink,  which 
belongs  to  the  same  natural  order  ( Caryophyllacece ),  in  the  pimpernel,  and  in  the 
fruit  of  the  horse-chestnut.  It  may  be  extracted  by  boiling  alcohol,  which  de- 
posits it  as  an  amorphous  powder  on  cooling.  It  is  soluble  in  water,  and  its  solu- 
tion lathers  like  soap.  This  leads  to  the  use  of  decoctions  containing  it,  such  as 
that  of  the  soap-nut  of  India,  for  cleansing  delicate  fabrics.  The  dry  powder  of 
saponin  causes  sneezing. 

Conifer  in,  C1(.H.22Os.2Aq,  crystallises  from  the  gummy  liquid  found  in  the  spring 
between  the  inner  and  outer  barks  of  coniferous  trees.  In  contact  with  water 
and  emulsin,  it  yields  glucose  and  coniferyl  alcohol — 

C16Hm08  + H20  = CflH1206  + C10H12O3. 

The  latter  is  a crystalline  body,  soluble  in  ether,  and  smelling  of  vanilla.  When 
distilled  with  potassium  dichromate  and  sulphuric  acid,  it  yields  acetic  aldehyd 
and  vanillin ; C10H12O3  + 0 = C2H40  + CsHgO„.  ( See  Vanillic  aldehyd,  p.  506. ) 

Quercitrin,  C33H3*0)7,  is  the  colouring  matter  of  quercitron  bark,  and  is  also  found 
in  horse-chestnut  bowers,  and  in  grape-vine,  sumach,  and  catechu.  It  may  be  ex- 
tracted from  quercitron  bark  by  alcohol,  the  tannin  precipitated  by  solution  of 
gelatin,  and  the  filtrate  evaporated.  Quercitrin  forms  yellow  crystals,  sparingly 
soluble  in  water.  Dilute  sulphuric  acid  converts  it  into  isodidcitc  and  quercetin  ; 
C33H.)0O17  + H2O  = C6H14O,.  + C27HisO12.  This  last,  also  called  flavin,  is  found  in 
heather,  in  tea,  and  in  the  root  bark  of  apple  and  other  trees.  It  is  a yellow  crys- 
talline body,  which  is  sparingly  soluble  in  water  and  more  soluble  in  alcohol.  It 
may  be  sublimed  in  yellow  needles.  Butin,  which  occurs  in  rue  and  in  capers, 
much  resembles  quercitrin. 

Glycyrrhizin,  or  liquorice-sugar,  C24H3U09,  is  a glucoside  extracted  from  liquorice- 
root  ( Glycyrrhiza  glabra)  by  boiling  water  ; on  adding  lead  acetate  to  the  solution, 
a lead  compound  is  precipitated,  and  if  this  be  filtered  off,  washed,  suspended  in 
water,  and  decomposed  by  H2S,  the  glycyrrhizin  passes  into  solution  and  may  be 


VEGETABLE  COLOURING  MATTERS.  665 

•obtained  as  a yellow  amorphous  residue  on  evaporation.  It  has  a sweet  taste,  and 
yields  glucose  and  glycyrretin  when  boiled  with  dilute  acids — 

C24H38Oa  + H20  = C,sHaiO,  + C#H„Or 

Antiarin,  CuII.w0..2Aq,  is  the  principle  of  the  Javanese  arrow-poison,  upas- 
■antiar,  the  juice  of  Antiaris  toxicaria,  a large  tree  of  the  Bread-fruit  tribe.  It  may 
be  crystallised  from  the  alcoholic  extract  of  upas,  and  is  soluble  in  water  and 
ether.  With  acids,  it  behaves  like  a glucoside. 

547.  Unclassified  vegetable  principles  resembling  glucosides.  — Picrotoxin, 
C,„H,  ,0.,  is  a narcotic  poison  contained  in  Cocculus  indicus,  the  fruit  of  Anamirta 
paniculata,  a tropical  trailing  shrub  of  the  order  Menispermacece.  The  fruit  has 
been  sometimes  used  as  a liop-substitute  by  brewers.  Picrotoxin  may  be  extracted 
from  the  seeds  by  boiling  with  alcohol,  from  which  it  crystallises  in  needles  ; it  is 
sparingly  soluble  in  water,  and  soluble  in  ether.  Quassiin,  C10H12O3,  is  another  crystal- 
line bitter  principle,  extracted  by  alcohol  from  cpuassia  chips,  the  wood  of  Picrasma 
excelsa  (bitterwood).  This  is  also  said  to  be  used  as  a hop-substitute,  and  is  not  poi- 
sonous, except  to  flies.  It  is  administered  as  a tonic.  Water  dissolves  it  sparingly, 
but  acquires  a bitter  taste.  Calumbin,  C^H^O,,  is  a substance  of  the  same  kind, 
extracted  from  calumba  root  ( Cocculus  palmatus).  Santonin,  Cl5Hls03,  is  the  bitter 
principle  of  the  seeds  of  Artemisia  santonica  (worm-seed)  and  of  Artemisia 
absinthium  ( wormwood ) ; it  may  be  extracted  from  absinthium  by  mixing  it  with 
lime  and  boiling  with  weak  alcohol ; the  solution  is  evaporated  and  the  residue 
boiled  with  acetic  acid,  which  deposits  colourless  prisms  of  santonin,  which 
become  yellow  when  exposed  to  light.  It  is  insoluble  in  water,  but  dissolves  in 
alcohol  and  ether ; it  is  dissolved  by  alkalies,  yielding  santonates,  e.g.,  sodium 
■santonate,  NaC)5H1904,  from  which  santonic  acid,  HCI6H190.t,  may  be  obtained  by 
shaking  with  HC1  and  ether.  Santonin  is  moderately  poisonous,  and  affects  the 
perception  of  colours  ; it  is  contained  in  the  liqueur  known  as  crSme  d’ahsinthe,  or 
Wermuth.  Gentianin,  CuH)0Os,  is  extracted  by  ether  from  the  roots  of  the  yellow 
gentian,  used  as  a bitter  and  tonic.  It  forms  yellow  needles,  sparingly  soluble  in 
water,  but  freely  in  alcohol  and  ether ; also  soluble  in  alkalies,  with  a strong 
yellow  colour.  Elaterin  (i\arriptos,  driving  away,  in  allusion  to  its  drastic 
quality),  C^II.^O.,  is  the  active  principle  of  the  drug  elaterium,  obtained  from  the 
juice  of  the  squirting  cucumber  (Momordica  elaterium).  It  is  crystalline,  insoluble 
in  water,  but  soluble  in  alcohol  and  ether.  It  admits  of  sublimation. 

Kosine,  C31H3sO10,  is  the  active  principle  of  Kousso,  an  Abyssinian  plant  used 
as  a vermifuge  ; it  crystallises  in  yellow  needles,  which  are  insoluble  in  water, 
but  soluble  in  ether  and  alcohol.  Aloin,  C17Hls07,  is  a crystalline  bitter-sweet 
substance  extracted  from  aloes,  the  dried  juice  of  various  species  of  aloe. 

Goumarin,  C9H602,  is  the  substance  which  causes  the  smell  of  hay  and  of  the 
Tonka  bean  (Coumaroma  odorata),  from  which  it  may  be  extracted  by  boiling 
with  alcohol,  when  crystals  of  coumarin  are  deposited  on  cooling.  It  has  been 
obtained  artificially  from  the  oil  of  meadow-sweet,  salicyl  hydride,  by  treating 
it  with  sodium,  and  decomposing  the  sodium  salicylide  with  acetic  anhydride — 

NaC7H502  + (C2H30)20  = NaC2H302  + C.,H30.C,H.02 ; 

Sodium  salicylide.  Acetic  anhydride.  Sodium  acetate.  Acetyl-salicylide. 

and  C„H30.C7H502  = H.,0  + C9H602 

Coumarin. 

548.  Vegetable  colouring  matters. — Notwithstanding  the  great 
variety  and  beauty  of  the  tints  exhibited  by  plants,  comparatively 
few  yield  colouring  matters  which  are  sufficiently  permanent  to  be 
employed  in  the  arts,  the  greater  number  of  them  fading  rapidly  as 
soon  as  the  plant  dies,  since  they  are  unable  to  resist  the  decomposing 
action  of  light,  oxygen,  and  moisture,  unless  supported  by  the  vital 
influence  in  the  plant ; some  of  them  even  fade  during  the  life  of  the 
plant,  as  may  be  seen  in  some  roses  which  are  only  fully  coloured  in 
those  parts  which  have  been  screened  from  the  light.  The  vegetable 
colouring  matters  may  be  classed  under  three  divisions:  (1)  those 
which  exist  ready  formed  in  the  plant,  such  as  turmeric  and  saf- 
flower; (2)  those  which  are  formed  by  the  conjoint  action  of  alkalies 
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and  oxygen,  as  in  the  cases  of  logwood  and  archil ; (3)  those  which 
belong  to  the  class  of  glucosides. 

Chlorophyll  (from  opos,  green  ; cjivWov,  a leaf),  the  abundant  green 
colour  of  plants,  has  not  been  obtained  in  a perfectly  pure  state,  on 
account  of 'its  inability  to  crystallise  or  volatilise.  The  want  of  exact 
knowledge  of  the  chemistry  of  this  body  is  especially  felt  because  its  phy- 
siological importance  to  plants  is  of  the  highest  order.  It  is  evidently 
active  in  constructing  the  tissues  of  the  plant  from  carbonic  acid,  water, 
ammonia,  &c.,  derived  from  the  air  and  soil.  It  may  be  extracted  from 
the  leaves  of  plants  by  boiling  with  alcohol,  or  ether,  or  benzene.  The 
purest  product  yet  obtained  was  prepared  by  allowing  the  alcoholic 
extract  of  the  leaves  to  stand  for  some  time,  filtering  off  the  deposit, 
and  shaking  the  filtrate  with  one  volume  of  ether  and  two  volumes  of 
water.  The  ethereal  layer,  which  contains  all  the  chlorophyll,  is  shaken 
with  water  as  long  as  the  latter  reduces  alkaline  copper  solution ; it  is 
then  allowed  to  evaporate,  when  it  leaves  the  chlorophyll  as  a bright 
green  residue.  When  this  is  dissolved  in  alcohol,  and  boiled  with 
dilute  sulphuric  or  hydrochloric  acid,  the  solution  gives  the  glucose 
reaction  with  alkaline  copper  solution,  rendering  it  probable  that 
chlorophyll  is  a glucoside. 

Chlorophyll  dissolves,  in  cold  strong  sulphuric  acid,  to  a green  solu- 
tion which  gives  a dark  green  precipitate  on  dilution,  and  the  filtrate 
gives  the  glucose  reaction.  If  the  green  precipitate  or  the  original 
chlorophyll  is  boiled  with  alcoholic  potash,  the  solution,  when  neutral- 
ised with  hydrochloric  acid,  gives  a yellow  precipitate  (phylloxanthin), 
and  the  solution  retains  a blue  colouring  matter  ( phyllocyanin ) which 
contains  nitrogen.  The  autumnal  colour  of  leaves  is  perhaps  due  to 
the  disappearance  of  the  phyllocyanin.  Green  leaves  assume  an 
autumnal  tint  when  immersed  in  chlorine.  Iron  is  said  to  be  an  essen- 
tial constituent  of  chlorophyll. 

The  blue  colouring  matter  contained  in  many  flowers,  such  as  the 
violet,  has  been  named  cyanin.  Acids  redden  it,  and  hence  only  those 
flowers  which  have  a neutral  juice  are  blue;  red  flowers  yielding  an 
acid  juice.  The  colouring  matter  of  grapes  and  of  red  wine  appears  to 
be  cyanin. 

r4q.  Saffron  is  a yellow  colouring  matter,  obtained  from  the  flowers  of  Crocus 
satwus,  which  are  purple  with  yellow  anthers.  When  these  are  dried  and  pressed 
into  cakes  they  form  the  saffron  of  commerce,  which  has  an  agreeable  odour,  it  is 
chiefly  imported  from  Spain,  and  is  often  adulterated  with  mango  c Pe  a *•  . 
gives  up  to  water  and  alcohol  a yellow  amorphous  substance,  teime  po  i/c  u _ , 
C H O a glucoside,  which,  when  boiled  with  dilute  sulphuric  acid,  yields  g 
case*  »&, C]6Hlg06,  and  a volatile  oil,  C10H  0,  smelling  of  saffron. 
arnotto,  is  another  yellow  colouring  matter,  which  forms  the  pulp  round The seeds 
of  Bixa  orellana,  a West  Indian  shrub.  It  is  used  for  colouring  b^er  aM  che^e. 
The  colouring  principle  has  been  called  hxm  ; it  is  sparingly  soluble  m water,  but 
dissolves  in  alcohol  and  in  alkalies  ; acids  reprecipitate  it  without  much  change 

°f  Turmeric  is  the  root  of  an  East  Indian  plant,  the  Curcuma  hnga,  ancMs  used  in 
curry.  Tt  contains  a crystalline  yellow  body  cur  cumin,  C10H,0Os,  whmn may  oe 
extracted  by  boiling  with  benzene  It  is  insoluble  in  water  bul 
cohol,  withagreen  fluorescence.  Alkalies  dissolve  it,  forming  > deli_ 

acids  precipitate  it  of  a yellow  colour  Paper  dyed  with  turmeric  is  used  as  a deli 
cate  test  for  alkalies,  which  turn  it  brown.  When  acted  on  by  boric  ™id  - 
strong  sulphuric  acid,  it  is  converted  into  rot socyanm , winch  cryst allises  1 n green 
needles  dissolved  by  alcohol,  with  a red  colour,  which  is  changed  to  deep  blue  by 
alkalies.  Turmeric-paper  is  used  in  testing  for  boric  acid. 
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Weld  is  the  Reseda  luteola,  a plant  of  the  Mignonette  order,  the  leaves  of  which 
give  a yellow  solution  when  boiled  with  water.  The  hot  decoction,  mixed  with 
alum  and  chalk,  gives  a yellow  precipitate,  which  is  used  in  paper-staining.  It 
contains  a crystalline  yellow  body,  luteolin,  C^H^O,,  sparingly  soluble  in  water, 
but  dissolved  by  alcohol  and  by  alkalies.  It  sublimes  in  yellow  needles. 

Rustic  is  a yellow  dye  stuff,  of  which  there  are  two  kinds.  Old  fustic  is  the 
wood  of  a tree  of  the  Mulberry  order  (Morns,  or  Maclura  tinctoria ),  grown  in  the 
West  Indies.  Young  fustic  is  the  wood  of  Rhus  cotinus,  or  Venice  sumach,  from 
Italy  and  the  South  of  France.  When  old  fustic  is  boiled  with  water,  the  solution 
deposits  yellow  needles  of  morin,  C)2Hl0O6,  soluble  in  alcohol.  The  mother-liquor 
of  morin,  when  evaporated,  yields  maclurin,  a nearly  colourless  body.  When  fused 
with  potash,  morin  yields  phloroglucin,  and  maclurin  yields,  in  addition,  proto- 
catecliuic  acid.  Maclurin  is  identical  with  moritannic  acid  ; it  gives  a dark  green 
precipitate  with  ferric  chloride. 

Gamboge  is  a yellow  gum-resin,  originally  obtained  from  Camboja  in  Asia,  and 
is  exuded  by  certain  species  of  Guttifene.  It  contains  about  30  per  cent,  of  a 
yellow  gum,  soluble  in  water,  and  70  per  cent,  of  resin  soluble  in  alcohol  and 
alkalies,  called  gambodic  acid. 

Purree,  or  Indian  yellow,  imported  from  India  and  China,  is  a compound  of 
magnesia  with  euxanthin  (or  euxanthic  acid),  C19HI6O10.  By  extracting  it  with  hy- 
drochloric acid  and  alcohol,  the  euxanthin  is  obtained  in  yellow  prisms,  sparingly 
soluble  in  water,  soluble  in  alcohol,  ether,  and  alkalies.  When  heated,  it  yields  a 
yellow  crystalline  sublimate  of  euxantlione,  Cl3IIs04.  On  fusion  with  potash,  euxan- 
thone  yields  liydroquinone,  and  nitric  acid  converts  it  into  trinitroresorcin,  which 
oppose  the  idea  that  purree  is  of  animal  origin. 

550.  Safflower,  which  yields  rouge,  consists  of  the  dried  flowers  of  Cartliamus 
tinctorius,  cultivated  in  Egypt.  It  contains  a yellow  substance,  which  may  be 
extracted  by  water,  and  a red  colour,  carthamin,  C14H1607,  which  may  be  dissolved 
out  by  sodium  carbonate,  and  precipitated  by  acetic  acid.  Alcohol  dissolves  it 
to  a red  solution.  It  is  used  in  dyeing,  but  soon  fades  when  exposed  to  light. 

Carotin,  C)gH240,  is  a red  substance,  found  in  small  crystals  in  the  cells  of  the 
carrot.  It  crystallises  from  alcohol  in  cubes  of  agreeable  odour. 

Santalin,  C,5H405,  is  the  colouring  matter  of  red  sunders  wood  (Pterocarjms  santa- 
linus),  from  which  it  may  be  extracted  by  alcohol,  which  deposits  it  in  red  crystals 
insoluble  in  water,  but  giving  violet  solutions  with  alkalies. 

Uaimatoxylin,  C,eH140B.3H._,0,  is  extracted  from  logwood  ( Hcematoxylon  campechi- 
anum),  which  grows  at  Campeachy  in  the  Bay  of  Honduras,  by  boiling  the  chips  with 
water.  It  is  deposited  from  the  solution  in  yellow  needles,  which  are  soluble  in 
water,  alcohol,  and  ether.  It  resembles  the  phenols  by  dissolving  in  alkalies  to  a 
purple  solution,  which  absorbs  oxygen  and  forms  a red  colouring  matter,  hcematein, 
C16H!208,  sparingly  soluble  in  cold  water,  which  may  also  be  obtained  by  oxidising 
hreinatoxylin,  in  ethereal  solution,  with  nitric  acid.  Reducing  agents,  such  as 
sulphurous  acid,  convert  it  into  hematoxylin.  When  fused  with  potash,  hsema- 
toxylin  yields  pyrogallol. 

Potassium  chromate  gives  an  intense  black  colour  with  infusion  of  logwood, 
which  has  been  used  as  an  ink,  but  is  fugitive.  Logwood  boiled  with  distilled 
water  gives  a yellow  solution,  but  with  common  water  it  gives  a fine  purple  red, 
from  the  production  of  hematein  by  the  oxidation  of  the  hematoxylin  in  presence 
of  the  calcium  carbonate  in  the  water.  The  solution  of  logwood  is  sometimes  used 
as  an  indicator  in  alkalimetry. 

Brazilin,  C._„Hl807,  is  contained  in  Brazil  wood  ( Ciesalpiniea  brasiliensis),  peach- 
wood  ( C.  echinata),  and  Sappan  wood  ( C . sappan) — all  dyewoods  from  the  same 
botanical  sub-order  as  logwood.  Brazilin,  when  quite  pure,  forms  colourless 
crystals,  and  yields  colourless  solutions  in  air-free  water  and  alcohol ; but  it  soon 
becomes  yellow  by  oxidation,  and  dissolves  in  alkalies  with  a fine  red  colour,  which 
is  bleached  by  reducing  agents. 

The  colouring  matters  from  madder  and  litmus  have  been  already  noticed. 

551.  Inclig otin,  or  indigo  blue,  C16Hl0]Sr2O2,  is  prepared  from  Indigo- 
fer a tinctoria  and  ccerulea,  plants  belonging  to  the  same  natural  order 

{Leguminosce)  as  those  furnishing  the  dye-woods  mentioned  above,  and, 
like  the  colours  obtained  from  those,  it  does  not  exist  as  such  in  the 
plant,  but  as  a product  of  alteration  of  a nearly  colourless  body  termed 
indican. 
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Inclican,  C.2H62N2034,  is  extracted  from  the  leaves  and  twigs  of  the 
plant  by  digestion  with  cold  alcohol,  which  leaves  it,  when  evaporated, 
as  a brownish  syrupy  liquid  of  hitter  taste.  Indican  is  a glucoside,  and 
is  hydrolysed  by  fermentation  or  by  boiling  with  dilute  acids,  yielding 

indiglucin  and  indigotin — 

C52He2N2031  + 4H20  = 6CbH10Ob  + CJ6H10N2O2. 

Indiglucin  has  not  been  crystallised;  it  is  a sweetish  syrupy  liquid  which 
reduces  alkaline  copper  solution,  but  does  not  ferment.  The  indigotin  is  obtained 
as  a blue  precipitate.  For  the  preparation  of  indigo  on  the  large  scale,  the  plants 
are  cut  just  before  they  blossom,  chopped  up,  covered  with  cold  water,  and 
allowed  to  ferment  for  twelve  or  fifteen  hours,  when  the  indican  is  decomposed, 
and  the  indigotin,  under  the  reducing  influence  of  the  fermentation,  is  converted 
into  hy  dr  indigotin,  or  indigo-white,  C1(.HI2N202.  As  soon  as  a blue  scum  appears 
upon  the  surface,  a little  lime  is  added,  and  the  yellow  liquid  is  run  into  shallow 
vats  and  well  beaten  with  sticks  to  promote  the  action  of  air,  which  oxidises  the 
indigo-white  to  indigo-blue  ; C)uH]2N2O2  + O = C16H10N2O2  + H2O.  The  indigo-blue 
is  precipitated  and  collected,  on  calico  strainers,  to  be  pressed  and  cut  up  into 
cakes.  As  purchased,  indigo-blue  contains  about  half  its  weight  of  indigotin ; it 
may  be  purified  by  boiling,  first,  with  acetic  acid,  which  extracts  a substance 
termed  indigo  gluten,  then  with  weak  potash,  to  extract  indigo-brown,  and,  lastly, 
for  some  time  with  alcohol,  which  removes  indigo-red. 

Indigotin  may  also  he  prepared  from  commercial  indigo  by  boiling  it 
with  aniline,  which  deposits  the  indigotin  in  crystals  on  cooling. 

When  commercial  indigo  is  carefully  heated,  it  is  converted  into  a 
violet  vapour,  which  condenses  in  dark  blue  needles,  with  a coppery 


reflection. 

Indigotin  is  insoluble  in  water,  alcohol,  ether,  and  diluted  acids  and 
alkalies.  Strong  sulphuric  acid  and,  more  easily,  fuming  sulphuric  acid, 
dissolve  it,  forming  indigotin-monosulphonic  add,  C1GII9(S0„.0H)N20,, 
and  indigotin-disidphonic  or  sulpliindylic  acid,  C16H3(S02.0H)2N,02. 
On  adding  water,  a blue  precipitate  of  the  mono-acid  is  obtained,  which 
is  soluble  in  pure  water  and  in  alcohol.  It  is  monobasic,  and  its  con- 
centrated solution  gives  a purple  precipitate  of  the  potassium-salt  on 
addition  of  potassium  acetate.  The  precipitate  produced  by  potassium 
carbonate  in  the  solution  of  indigo  in  sulphuric  acid  is  known  as  indigo 
carmine,  and  consists  chiefly  of  potassium  sulphindylate — 

CI6H8(S02.0K)2NA;  „ . „ ... 

it  is  soluble  in  water.  The  sulphonic  acids  of  indigo  are  bleached  by 
zinc-dust,  being  converted  into  the  corresponding  acids  of  indigo  white, 
which  become  blue  again  when  shaken  with  air.  Sulpliindylic  or  sul- 
phindigotic  acid  is  used  in  dyeing  Saxony  blue  cloth. 

Indigo  white  is  prepared  by  shaking  powdered  indigo  with  2 parts  ot 
ferrous  sulphate,  3 parts  of  slaked  lime,  and  200  parts  of  water,  m a 
stoppered  bottle  placed  in  warm  water,  till  the  indigo  has  dissolved  to 
a yellow  liquid,  when  the  calcium  sulphate  and  ferroso-ferric.  hydrate 
are  allowed  to  subside,  and  the  clear  solution  drawn  oft  into  dilute 
hydrochloric  acid  in  a vessel  from  which  air  has  been  expelled  by  L U2. 
The  hvdrindigotin  is  precipitated  in  white  flakes,  which  quickly  become 
blue  indigo  when  exposed  to  air.  Other  reducing  agents  are  sometimes 
substituted  for  ferrous  sulphate  in  preparing  the  tndigo-vat.  A mixtuie 
of  indigo,  madder,  potassium  carbonate,  and  lime,  left  to  ferment,  give* 
an  alkaline  solution  of  reduced  indigo.  Sodium  liydrosulphite  jp.  212) 
and  lime  are  also  employed  for  this  purpose.  When  linen  and  cotton 
are  immersed  in  the  indigo-vat  and  exposed  to  aii,  t 10  in  ifeo  v 11  e is 
oxidised  to  indigo  blue,  which  is  precipitated  upon  the  fabric.  Hydrin- 
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digotiii  precipitated  by  acids  from  its  alkaline  solutions  becomes  crys- 
talline after  a time  ; it  is  soluble  in  alcohol  and  ether. 

When  indigo  is  heated  with  dilute  nitric  acid,  it  is  oxidised  into 
isatin,  which  gives  a yellow  solution,  and  sulphindylic  acid  is  sometimes 
employed  as  a test  for  nitric  acid.  By  fusion  with  potash,  it  is  con- 
verted, first  into  potassium,  anthranilate,  CGH4(]NH,)CO.,K,  and  after- 
wards into  anilin,  C6H..ISrfI2,  which  distils  over.  This  indicates  a near 
relationship  of  indigo  to  the  benzene  or  aromatic  group. 

552.  Artificial  indigo. — Cinnamic  acid,  which  belongs  to  the  aromatic 
group,  when  treated  with  nitric  acid,  is  converted  into  nitrocinnamic 
acid,  CGH1.lSr02.C2H2.C02H.  This  combines  directly,  with  two  atoms  of 
bromine,  to  form  di brom o-ni tro-phenyl -propionic  acid — 

C2H2Br2.C8H4.N02.C02.H. 

When  this  is  treated  with  caustic  soda,  two  molecules  of  HBr  are 
removed,  producing  the  sodium  salt  of  nitrophenylpropiolic  acid, 
C2.C(;H4.N02.C02H.  By  heating  this  with  a reducing  agent,  such  as 
an  alkaline  solution  of  glucose,  the  latter  is  made  to  appropriate  the 
oxygen  of  two  molecules  of  water,  the  hydrogen  of  which  acts  upon  the 
acid,  converting  it  into  indigotin — 


2(C8H4.NO.,CO.,H)  + 2H2  = CI6H10N2O2  + 2H..0  + 2CO.,. 

Cinnamic  acid  itself  may  be  prepared  from  the  toluene"  of  coal- 
naphtha  (p.  477),  C6H..CH3,  by  acting  upon  it  with  chlorine  to  obtain 
benzylene  clichloride,  CGH..CHC1,,  which  is  then  converted  into  benzal- 
dehyd,  CGH5.CHO,  by  treatment  with  potash.  The  benzaldeliyd,  when 

acted  on  by  acetyl  chloride,  is  converted  into  cinnamic  acid 

C8H5.CHO  + CH3COCI  = C8H5.C2H2.C02H  + HC1. 

The  production  of  indigo  from  coal  by  this  process  is  at  present  too 
expensive  to  be  commercially  successful. 

553.  Isatin  C H5N02,  is  prepared  by  oxidising  indigo  with  nitric  or  chromic 
acid.  It  crystallises  in  orange-coloured  prisms,  soluble  in  boilin°-  water  and 
alcohol.  When  heated,  it  sublimes  with  partial  decomposition.  It  dissolves  in 
potash  to  a violet  solution,  and  is  precipitated  again  by  acids  Silver  nitrate 
added  to  the  potash  solution  gives  a carmine-red  crystalline  precipitate  of  silver 
C8H  AgNOf  Isatin  forms  crystalline  compounds  with  alkaline  bisulphites 
(like  the  aldehyds  and  ketones).  It  yields  anilin  when  distilled  with  strono- 
potash  ; nitric  acid  converts  it  into  nitrosalicylic  and  picric  acids.  With  chlorin? 
it  x ields  chlor  isatin,  C8H4C1N0.2,  and  di  clitoris  at in,  C9H3C1.,N  0,_„  which  are  also  formed 
when  chlorine  acts  upon  indigo.  When  these  are  distilled  with  potash  thev 
a leld  mono- and  di-chloranilin.  Reducing  agents  convert  isatin  into  hydro-isatin 
or  isatyde,  C9H8NO„.  J ’ 

Indol,  CSH.N,  is  formed  when  indigo  is  distilled  with  zinc-dust  or  when  nitre 
cinnamic  acid,  C.H.NO  CO,H,  is  reduced  by  sine  and  potassiL  hy-SSte  It' 
crystallises  m colour  ess  fusible  prisms  of  disagreeable  odour.  It  boils  at  about, 
245  C.,  and  is  partly  decomposed,  but  it  may  be  distilled  in  a vacuum  or  with 
steam.  It  is  soluble  in  water  and  has  weak  basic  properties,  forming  a sparingly 
soluble  hydrochloride.  A shaving  of  deal  moistened  with  hydrochloric  acid  and 
exposed  to  its  vapour  assumes  a deep  red  colour.  The  hydrochloric  solution  is 
coloured  red  by  potassium  nitrite.  Indol  is  produced  bv  the  action  of  the  peculiar 
ferment  of  the  pancreatic  juice  upon  the  albumen  of  blood  or  e^s  and  tfe 
indican  occasionally  present  in  the  urine  appears  to  be  formed  from  it  ’ 

Skatol,  C9IIaN,  homologous  with  indol,  is  also  a product  of  the  pancreatic 
fermentation  of  albumen.  It  is  the  chief  constituent  of  the  volatile  portion  r>f 
human  excrements  whence  its  name  (c marls , of  dung).  It  may  be  crystallised from 
hot  water  in  colourless  plates,  which  fuse  at  940,  and  have  a fecal  odour  Sk-itr  l 
found  among  the  products  of  the  distillation  of  strychnine  with  lime  ' * 1 

Trwxindol,  or  italic  acid,  C H,N03,  is  obtained  as  a potassium  salt  when  a potash 
solution  of  isatin  is  boiled  till  it  becomes  yellow  ; IiCl  then  separates  isatic  acid 
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us  a white  powder,  which  yields  isatin  and  water  when  heated.  Dioxindol, 
CsH7N02,  is  a crystalline  body  formed  by  reducing  isatin  with  zinc-dust  and  HC1, 
or  by  acting  upon  sodium  isatate  with  sodium-amalgam.  It  becomes  red  in  aii 
from  production  of  isatin.  When  heated,  it  yields  anilin,  from  which  it  differs 
only  by  2CO.  Gently  heated  with  nitric  acid,  it  yields  bitter-almond  oil,  C6H5.COH, 
Oxindol,  C.H  NO,  is  obtained  by  reducing  di-oxindol  with  tin  and  hydrochloric  acid. 

It  is  colourless,  crystalline,  soluble  in  water,  alcohol,  and  ether,  and,  with  care, 
may  be  sublimed  unchanged. 

"554.  Lac  is  a red  dye  extracted  from  the  resinous  exudation  of  certain 
tropical  trees  of  the  Fig  tribe,  punctured  by  an  insect  (Coccus).  In  its 
crude,  natural  state,  encrusting  the  small  branches,  it  is  known  as  stick- 
lac,  and  has  a deep  red  colour ; when  broken  off  the  branches  and  boiled 
with  water  containing  sodium  carbonate,  it  gives  a red  solution,  from 
which  the  colouring  matter  is  precipitated  as  a lake  by  adding  alum,  and 
made  into  cubical  cakes  for  the  market.  The  resinous  matter  (about 
68  per  cent.)  left  undissolved  by  sodium  carbonate,  is  termed  seed-lac; 
this  is  melted,  strained  through  a cloth,  and  allowed  to  solidify  in  thin 
layers,  when  it  forms  sliell-lac,  which  is  much  used  in  the  manufacture 
of  sealing-wax  and  varnishes.  The  lacquer  applied  to  brass  is  named 
after  this  resin,  being  an  alcoholic  solution  of  shell-lac,  sandarach,  and 
Venice  turpentine.  Indian  ink  is  made  by  mixing  lamp-black  with  a solu- 
tion of  100  grains  of  lac  in  20  grains  of  borax  and  4 ounces  of  water. 

Carmine  owes  its  colour  to  carminic  acid,  H„C17H16Ol0,  a glucoside  ex- 
tracted by  boiling  water  from  the  cochineal  insect,  which  is  found  upon 
a species  of  cactus  in  Mexico  and  Peru.  Carmine  lake  is  the  aluminium 
carminate  precipitated  by  alum  and  potassium  carbonate  from  the 
aqueous  extract  of  the  cochineal  insect.  The  acid  itself  is  an  amorphous 
purple  solid,  easily  soluble  in  water  and  alcohol,  and  sparingly  in  ether 
It  dissolves  unchanged  in  strong  sulphuric  acid,  and  the  solution  is  used 
in  thermometers,  as  a coloured  liquid  not  evolving  vapour.  The  solution 
of  cochineal  is  very  sensitive  to  alkalies,  which  change  it  to  purple,  and 
it  is  used  in  measuring  the  alkalinity  of  waters.  Boiled  with  dilute  sul- 
phuric acid,  it  yields  carmine-red,  CnH1207,  and  a non-fermentable  sugar . 

1 eqc  Artificial  Organic  Bases. — A series  of  homologous  bases  is 
obtained  from  coal-tar,  the  members  of  which  are  isomeric  with  those 
furnished  by  the  distillation  of  some  of  the  alkaloids  with  potash. 

From  alkaloids.  From  coaltar- 

Quinoline  . • • C8H7N  . . . Leucolme 

T pnidine  . . C10H„N  . . • Indoline 

■~.l  C H N . . Cryptidine 

Quinoline,  or  chinoline,  is  prepared  bythe  actionofsu^ 
nitrobenzene  ( 1 2 parts)  upon  aniline  (19  parts)  and  glycerin  (60  parts),  lbe  mix 
nitropenzen  ^ 1 y 1 c iu  a flask  Witli  a reflux-condenser,  the  lamp 

reaction  begins ; it  is  then  again  heated  for  three  hour., 
b \ ‘riictillpd  with  lime  when  quinoline  distils  over  together  with  aniline,  from 
ft  X CiXCCy  fractional  delation.  The  nitrobenzene  acts  as 
an  oxidising,  and  the  sulphuric  acid  as  a dehydrating,  agent 

O H (OH?  (glycerin)  + C.H.NH,  (aniline)  + 0 = G9H7N  (qmmhne)  + 4HsO; 

,3  ®.  • \ obtained  by  distilling  quinine,  cinchonine,  or  strychnine  with 

QT°i A dSrtive  distillation  of  coal  and  bones.  It  is  a colourless 
potash,  and  m the  destructive  c ^ b C.  It  is  sparingly 

liquid  of  tarry  smell,  or  SP;  J ^ It  combines  with  amyl  iodide  to  form  a 

^uSVSXwhenahi?eJ  with  potash,  yields  a iine  blue  colour  soluble  m 

H,0  + KI  + VW 

Lepidine  yields'a  similar  compound,  and  both  are  used  in  silk  dyeing.  The  cyan- 
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ines  crystallise  in  plates  which  have  a green  lustre  ; they  are  di-acid  bases,  and 
their  salts  are  colourless.  Leucoline,  isomeric  with  quinoline,  boils  at  220°  C. 
and  does  not  form  a cyanine. 

When  quinoline  is  treated  with  sulphuric  acid,  it  yields  a sulphonic  acid,  from 
which  hydroxijquinoline,  CBH6(OH)N,  may  be  obtained.  Nascent  hydrogen  con- 
verts this  into  CnH10(OH)N,  and,  by  treating  this  with  methyl  iodide,  the  hydroxyl 
hydrogen  is  exchanged  for  methyl,  and  the  body,  C9H10(OCH3)N,  or  CI0H13NO,  is 
produced.  This  substance  resembles  quinine  (C20H24N2O2),  and  its  hydrociilorate 
is  used  medicinally,  under  the  name  of  kairin,  as  a substitute  for  quinine. 

556.  Bases  distilled  from  bones. — The  destructive  distillation  of  bones 
yields  ammonia  and  other  bases,  produced  by  the  decomposition  of  the 
bone-gelatine , or  ossein,  which  forms  about  30  per  cent,  of  the  bones,  and 
contains  about  18  per  cent,  of  nitrogen.  These  bases  form  an  homo- 
logous series  known  as  the  'pyridine  bases,  and  many  of  them  are  also 
found  in  coal  tar.  They  are  liquids  of  disagreeable  odour,  and  belong 
to  the  class  of  tertiary  monamines  (p.  574).  They  may  be  extracted 
from  the  offensive  oil  known  as  Dippel's  animal  oil,  obtained  by  distilling 
bones,  by  shaking  the  oil  with  warm  dilute  sulphuric  acid,  which  dissolves 
the  bases  as  sulphates,  and  yields  them  up  on  adding  potash  or  soda. 
They  are  separated  from  each  other  by  fractional  distillation.  Their 
boiling  points  are  given  in  the  Table. 


Pyridine 

Picoline 

Lutidine 

Collidine 


C.H.N  ...  1 1 70 
C6H,N  ...  133 
C7H„N  ...  154 
C8H„N...  179 


c. 


Parvoline 

Coridine 

Rubidine 

Viridine 


c9h13n 

c,„h15n 

c„h17n 

c12h19n 


1880 
. 211 
230 

251 


c. 


Pyridine  bases  are  often  present  in  commercial  ammonia,  and  cause  it 
to  become  pink  when  neutralised  with  hydrochloric  acid. 

Pyridine  is  obtained  by  heating  amyl  nitrate  with  P.,0,,  which  removes  the 
elements  of  water;  C5HMN03  = 3H20-(-C5H5N.  It  is  also  formed  when  a mixture  of 
hydrocyanic  acid  and  acetylene  is  passed  through  a red-hot  tube;  HCN  + 2C.,H„= 
CdhN  • Pyiidine  is  soluble  in  water,  and  forms  a deliquescent  hydrochloride 
When  heated  with  sodium  for  some  time,  pyridine  is  converted  into  dipuridine, 
^io^io^2»  a solid,  fusing  at  108  C.,  and  subliming  in  needles.  In  contact  with 
hydi  ochloric  acid  and  tin,  pyridine  is  hydrogenised  and  becomes  piperidine, 
(P*  603),  which  is  reconverted  into  pyridine  by  heating  to  ioo°  C.  with 
sulphuric  acid ; C5HUN  + 3H.,S04 = CSH5N  + 3S0;,  + 6H„0. 

Ifroline,  C0H7N,  is  isomeric  with  aniline,  but  it  bolls  at  135°  (instead  of  184°), 
and  is  a tertiary  amine,  whereas  aniline,  NH.,.C6H5,  is  a primary  amine.  It  is 
obtained  by  distilling  acrolein-ammonia;  C6Hti0.NH3  = H,0  + CrH7N.  Also  by 
heating  glyceryl  tribromide,  in  a sealed  tube,  to  250°  C.  with  alcoholic  solution 
of  ammonia;  2C3H5Br3  + NH3=6HBr  + C6H7N.  Picoline  is  very  similar  in  pro- 
perties to  pyridine. 

Collidine , C8H,,N,  results  from  the  reaction  between  ethylidene  chloride  and 
ammonia  at  160“  C ; 4aH,Cl2  + NH3  = CsHnN  + 8IIC1.  It  is  also  a product  of 
the  decomposition  by  heat  of  aldehyd-ammonia.  Collidine  differs  from  pyridine 
and  picoline  by  being  sparingly  soluble  in  water. 

Pyrrol , C4H5N,  is  a weak  liquid  base  occurring  in  coal-tar  and  in  Dippel’s  oil, 
from  which  it  may  be  extracted  by  sulphuric  acid,  and  distilled  over  from  the 
sulphates  of  the  stronger  bases.  It  is  a liquid  of  ethereal  odour,  boiling  at 
1 33  and  becoming  brown  when  exposed  to  air.  Heated  with  dilute  acids  it 

yields  a precipitate  of  pyrrol-red;  3C4H5N  + H„0  = CI2H14N20  + NH3.  Vapour’ of 
pyrrol  imparts  a red  colour  to  pine  wood  dipped  in  hydrochloric  acid.  Pyrrol 
is  found  among  the  products  of  the  distillation  of  ammonium  pyromucate 

nh4.c5h3o,  = c4h5n  + co2  + h2o. 

557.  Crystalline  animal  products  not  hitherto  described. 

Glycocholic  acid,  C28H43N06,  exists  in  bile  as  a sodium  salt,  together  with 
the  sodium  salt  of  taurocholic  acid,  C26H4sNSOr.  To  extract  them,  ox-gall 
is  mixed  with  bone-black  to  a paste,"  which  is  dried  on  the  steam-bath 
and  digested  with  absolute  alcohol,  which  dissolves  the  sodium  salts 
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together  with  cholesterin  and  cholin.  The  sohition  is  mixed  with  ether, 
which  precipitates  the  sodium  salts.  These  are  dissolved  in  water,  and 
decomposed  by  dilute  sulphuric  acid,  which  precipitates  the  glycocholic 
acid,  at  first  amorphous,  but  changing  into  colourless  needles.  It  is 
sparingly  soluble  in  water,  but  dissolves  in  alcohol,  though  not  in  ether. 
Glycocholic  acid  is  monobasic ; the  potassium  and  sodium  salts  are  very 
soluble  and  sweet.  It  is  characterised  by  its  behaviour  with  solution  of 
sugar  and  strong  sulphuric  acid,  which  give  a purple-red  colour  ( Petten - 
kofers  test  for  bile).  It  is  an  amido-acid,  and  yields  chologlycolic  acid, 
GrII  ,N07,  when  treated  with  nitrous  acid.  When  boiled  with  alkalies, 
glycocholic  acid  is  hydrolysed  into  glycocine  (amido-acetic  acid)  and 
cholic  acicl ; C2cH43NOc  + H20  = C2H3.NH2.02  + C24H40O6.  Boiling  with 
dilute  hydrochloric  acid  effects  the  same  change,  but  converts  the  cholic 
acid  into  dyslysin,  C24H3603,  which  forms  an  amorphous  precipitate ; 
boiling  with  alcoholic  potash  converts  it  into  potassium  cholate.  Tauro- 
cholic  acid  is  not  precipitated  by  normal  lead  acetate,  which  precipitates 
the  glycocholic  acid  from  ox-gall,  and  the  filtrate  gives  a precipitate  of 
lead  taurocholate  on  adding  basic  lead  acetate.  When  this  is  suspended 
in  water  and  decomposed  by  H2S,  a solution  of  the  acid  is  obtained, 
which  may  be  concentrated  and  mixed  with  ether,  when  the  acid  sepa- 
rates as  a syrup  which  deposits  needle-like  crystals.  Dog  s.  bile  yields 
more  taurocholic  acid  than  that  of  the  ox.  Taurocholic  acid  dissolves 
readily  in  water  and  alcohol.  It  is  decomposed,  like  glycocholic  acid,  by 
boiling  with  alkalies  or  acids,  but  it  yields  taurine,  GH?NSO?,  instead 
of  glycocine;  026H45NSO?  + H„0  = C2H7NS03  + C34H4n05. 

558.  Taurine,  or  a/mido-ethyl-sulphonic  acid,  C2H4.iSIl2.oU3Ii,  is  pie- 
pared  by  boiling  ox-gall  with  dilute  HC1,  evaporating  to  dryness  on  the 
steam-bath,  and  treating  the  residue  with  absolute  alcohol,  which  leaves 
the  taurine  undissolved.  This  is  dissolved  in  water,  from  which  it  crystal- 
lises in  large  four-sided  prisms  sparingly  soluble  in  cold  water,  and 
insoluble  in  alcohol  and  ether.  It  fuses  at  240°  C.  and  is  decomposed. 
It  has  no  acid  reaction,  but  it  forms  salts  with  bases.  When  fused  with 
potash,  it  yields  the  acetate  and  sulphite  of  potassium — 

C„H4.NH2.S03H  + 3KOI-I  = c2h3ko2  + k2so3  + nh3  + h2o  + h„.  _ 

Nitrous  acid  replaces  its  NH„  by  HO  and  converts  it  into  isetlnonic 
acid;  0.Hi.NH..SO,H  + HNO!  = C,H(.HO.SO,H  + H!O  + N This  baa 
led  to  the  synthesis  of  taurine  ; ethene  (olefiant  gas)  is  absorbed  by  bU3, 
the  product  dissolved  in  water,  neutralised  with  ammonia,  and  evapo- 
rated to  crystallisation — _ . 

C H + SO  + H 0 + NH3  = C2H4.H0.S03NH4  (ammonium  isetlnonate). 

When  this  is  heated  to  220°  0.,  it  yields  taurine;  C2H4.H0.S03.NH4  = 
r ; IT  yq-jp  go  H + HO.  Taurine  may  also  be  synthesised  by  converting 
ethene  into  glycol  chlorhydrin,  H0.C2H4.C1,  heating  this  with  potassium 
sulphite,  to  obtain  potassium  isetlnonate — 

H0.C2H4.C1  + K2S03  = H0.C2H,S03K  + KC1; 

distilling  the  isethionate  with  phosphoric  chloride 

H0.C2IT4.S03K  + PC14  = P02C1  + HC1  + KOI + Cl.C2H4.SOaCl  ( isethiomc  cldondc) ; 

heating  this  with  water — , , 7 . ... 

Cl  C,HrSO.,Cl  + HOH  = HC1  + C1.C2H4.S02.0H  (elder -ethylsulphomc  acid)  ; 

and  heating  this  to  ioo°  C.  with  ammonia  in  a sealed  tube— 

C1.C2H4.S02.0H  + 2NH,  = NHSHC1  + NH2.C2H,S02.0H  (taurine,. 
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It  is  probable  that  some  taurine  exists  as  such  in  the  bile ; it  has  been  found  in 
the  kidneys,  lungs,  and  muscles. 

When  solution  of  taurine  is  evaporated  with  potassium  cyanate,  it  yields  potas- 
sium tauro-carbamate,  C2H4.NHC0.NH2.S03K ; tauro-carbamic  acid  is  found  in 
the  urine  when  taurine  is  taken  internally ; it  forms  crystals  easily  soluble  in 
water. 

Choline,  which  is  also  obtained  from  bile,  may  be  obtained  synthetically  from 
ethene  by  converting  it  into  glycol-chlor hydrin,  and  heating  this  with  trimethyl- 
amine  in  aqueous  solution — 

HO.C.,H4.Cl  + N(CH3)3  + H„0  = HO.C2H4.N(CH3)3OH  + HC1. 

It  is  a strongly  alkaline  ammonium  base,  which  crystallises  with  difficulty. 
Choline  may  also  be  prepared  from  yolk  of  egg  and  from  the  brain. 

Neurine,  which  is  also  prepared  from  the  brain,  has  the  formula  IIO.C..H.rN (CH3)3, 
differing  from  choline  by  H20.  It  may  be  obtained  from  choline  by  heating  it 
with  hydriodic  acid,  which  yields  LC2H4.N(CH3)3.I,  and  this,  decomposed  by  silver 
hydrate,  gives  HO.C,,H3.N(CH3)3,  or  trimethybvinyl-ammonium  hydroxide ; it  has  a 
strongly  alkaline  reaction,  but  has  not  been  crystallised. 

Cholesterin,  C.)(.H43.OH,  is  a crystalline  alcohol  found  in  bile,  and 
composing  the  chief  part  of  gall-stones  or  biliary  calculi,  from  which  it 
may  be  extracted  by  boiling  with  alcohol,  which  deposits  the  cholesterin 
in  transparent  lustrous  plates  on  cooling.  It  is  insoluble  in  water,  but 
soluble  in  ether;  fuses  at  145°  C.  and  sublimes  at  200°  C.  It  is  un- 
changed by  boiling  with  potash,  and  yields  ethereal  salts  when  heated 
with  the  fatty  acids  in  sealed  tubes.  HC1  converts  it  into  cholesteryl 
chloride,  C26H43.C1,  and  ammonia  into  cholester amine,  C2rH43.]SriI2. 
When  dissolved  in  petroleum  and  treated  with  sodium,  it  evolves 
hydrogen  and  forms  crystalline  C26H43.01Sra.  When  moistened  with 
strong  nitric  acid  and  dried,  cholesterin  gives  a yellow  residue  which 
becomes  red  with  ammonia.  Strong  HC1  and  a little  ferric  chloride 
give  a violet-blue  colour  Avith  cholesterin  on  evaporation.  Cholesterin 
occurs  in  the  blood,  in  brain,  in  yolk  of  egg,  and  in  some  vegetables,  as 
pease  and  wheat.  It  is  also  found  in  sheep’s  wool,  together  Avith 
isocholesterin,  having  the  same  composition,  but  crystallising  in  needles, 
Avhich  fuse  at  1370  C. 

559.  Glycocine,  or  glycocoll,  or  amido-acetic  acid,  C2II3.N1I2.02,  or 
NH2.CH2.C02H,  is  prepared  by  heating  hippuric  acid  (benzoyl  amido- 
acetic)  for  half  an  hour  with  4 pai'ts  of  strong  HC1,  Avhich  converts  it 
into  benzoic  acid  and  glycocine  hydrochloride — 

N.C7H5O.H.CH.,CO.,H  + HC1  + H.,0  = C.H5O.OH  + NH2.CH2.C02H.HC1 

Hippuric  acid.  Benzoic  acid.  Glycocine  hydrochloride. 

The  solution  is  mixed  Avith  water  and  cooled,  when  most  of  the  benzoic 
acid  crystallises  out ; the  filtrate  is  evaporated  to  dryness  on  a steam- 
bath,  the  glycocine  hydrochloride  extracted  by  Avater,  boiled  Avith  lead 
hydrate,  filtered  from  the  lead  oxychloride,  the  dissolved  lead  precipi- 
tated by  H3S,  and  the  filtrate  evaporated,  Avhen  it  deposits  the  glycocine 
in  transparent  rhombic  prisms,  easily  soluble  in  water,  sparingly  in 
alcohol,  and  insoluble  in  ether.  Glycocine  has  a SAveet  taste,  fuses  at 
170"  C.,  and  evolves  ammonia  and  methylamine  Avlien  further  heated. 
Its  solution  gives  a red  colour  Avith  ferric  chloride,  and  a blue  Avith 
cupric  sulphate;  if  this  blue  solution  be  mixed  with  potash  and  alcohol, 
it  deposits  blue  needles  of  the  formula  (NH2.CH2.C02)2Cu.Aq.  A 
sparingly  soluble  silver  salt,  NH2.CH,.CO,.Ag,  may  also  be  obtained, 
but  these  compounds  do  not  behave  like  ordinary  salts  of  the  metals. 
Like  other  amido-acids,  glycocine  plays  the  part  of  a base  and  an  acid. 
It  forms  hydrochloi’ides  containing,  respectively,  one  and  two  molecules 
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of  glycocine,  and  the  latter  forms  a crystalline  platinum  salt.  Crystal- 
line compounds  of  glycocine  with  salts  are  also  known. 

When  glycocine  is  heated  with  barium  hydrate,  it  yields  metliylamine 
and  barium  carbonate — 

NH„.CH2.CO,H  + Ba(OH).,  = NH2.CH3  + BaC03  4-  H„0. 

Nitrous  acid  converts  glycocine  into  glycolic  acid — 

NH2.CH2.C02H  + HNO,  = N,  + H,0  + H0.CH2.C02H, 
for  glycocine  is  metameric  with  glycolamide,  HO.CH2.CO.NH2  (p.  588). 

Synthesis  of  glycocine. — Bromacetic  acid,  CH„Br.CO„H,  heated  with 
ammonia,  yields  glycocine, -CH2.NH2.C02H,  and  ammonium  bromide. 
Glycocine  is  also  formed  when  cyanogen  is  passed  into  a boiling  satu- 
rated aqueous  solution  of  hydriodic  acid — 

2CN  + 2H20  + 5HI  = CH2.NH2.C02H  + NH4I  + 2I., 

Glycocine  was  formerly  called  sugar  of  gelatin,  since  it  may  be  obtained 
by  boiling  gelatin  with  dilute  sulphuric  acid  or  with  potash. 

Sarcosine,  or  methyl- glycocine,  CH.CH3,NH2.C02H,  or  G3H^NO„,  may 
be  obtained  by  heating  bromacetic  acid  with  metliylamine  (in  place  of 
ammonia,  which  yields  glycocine).  It  is  also  formed  when  the  kreatine 
extracted  from  flesh  is  boiled  with  baryta.  Caffeine  yields  it  under 
similar  treatment.  Sarcosine  forms  prismatic  crystals,  very  soluble  in 
water  and  of  sweet  taste.  It  is  sparingly  soluble  in  alcohol,  insoluble 
in  ether,  and  may  be  sublimed.  Its  reaction  is  neutral,  but  it  combines 
with  acids  and  bases. 

Betaine,  or  tri-methyl-glycocine,  C(CH3)2.NH2.C02(CH3),  is  found  m 
the  juice  of  beet-root  (Beta  vulgaris ),  and  may  be  formed  synthetically 
by  the  action  of  trimethylamine  on  chloracetic  acid — 

CH2C1.C02H  + N(CH3)3  = C(CH3)2.NH2,C02(CH3)  + HC1. 

Betaine  hydrochloride  is  also  obtained  by  the  careful  oxidation  of 
choline  hydrochloride — 

C2H,.0H.N(CH3)3C1  + 02  = C2H2.O.OH.N(CH3)3Cl  + H20. 

Betaine  is  soluble  in  water  and  alcohol,  and  forms  salts  with  the 


560.  Creatine,  or  kreatine  ( Kpeas , flesh),  C4H9N302,  is  obtained  from 
chopped  flesh  by  soaking  it  in  cold  water,  squeezing  it  in  a cloth,  heating 
the  liquid  till  the  albumen  coagulates,  straining,  adding  baryta  to  pre- 
cipitate phosphoric  acid,  and  evaporating  the  filtrate  to  a syrup  on  the 
steam-bath ; on  standing  for  some  hours,  the  kreatine  crystallises  out. 
It  may  also  be  prepared  from  Liebig’s  extract  of  meat  by  dissolving  it 
in  20  parts  of  water,  adding  tribasic  lead  acetate,  filtering,  removing  the 
excess  of  lead  by  H„S,  and  evaporating  to  crystallisation.  Granular 
crystals  of  kreatine  are  sometimes  met  with  111  Liebig  s extract  I be 

flesh  of  fowls  yields  0.32  per  cent,  of  kreatine,  that  of  cod-fish  0.17, 


beef  0.07  per  cent.  . 

Kreatine  forms  prismatic  crystals  easily  soluble  m hot  water,  but  very 

sparingly  in  alcohol  and  ether.  The  crystals  are  C4H9N  0,.Aq.  Krea- 
tine is  neutral  in  reaction,  but  plays  the  part  of  a weak  monacid  base. 
Kreatine  nitrate,  0,^,0,1010..  crystallises  m prisms.  When  the 
solutions  of  its  salts  are  heated  above  3°°0.,  th^  are  converted  nto 
salts  of  kreatinine,  a stronger  base  containing  H,  and  O less  than 
kreatine.  When  boiled  with  baryta-water,  kreatine  yiel^^sine  and 
urea  (which  is  afterwards  hydrolysed  into  NH,  and  00.),  the  Iattu 
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indicating  the  presence  of  the  cyanamide  group,  NC.hTH,,  which  would 
be  converted  hito  urea,  CO(NH.,)2,  by  addition  of  11,0 — 

C,H,NO.,NC.NH.,  ( kreatine ) + H.,0  = C3H,NO,  (sar cosine)  + CO(NH2).,. 

Kreatine  has  been  prepared  synthetically  by  heating  cyanamide  with 
an  alcoholic  solution  of  sarcosine.  When  kreatine  is  warmed  with 
solution  of  sodium  hypobromite,  two  atoms  of  its  nitrogen  are  liberated, 
the  third,  which  is  probably  existing  as  ON,  being  retained.  By  heating 
kreatine  in  aqueous  solution  with  mercuric  oxide,  it  is  converted  into 
oxalic  acid  and  metliyl-guanidine , N.CII:i.II.ClSI  H.NIt,.  Guanidine  itself, 
NH,.CNH.lSrH,  (page  621),  is  a product  of  the  action  of  ammonia  on 
cyanamide — 

C.lH,)N.iO.,  (kreatine)  + 0.,  = (CO,H),  ( oxalic  acid ) + C.,H.N3  ( methyl  guanidine). 
This  formation  of  oxatyle  would  indicate  the  existence  of  the  CN  group, 
and  kreatine  might  be  represented  as 

(CH.,.CN)(NCH3H)NH.,CO.OH. 

Creatinine,  or  kreatinine,  or  methyl-glycolyl-guanicline,  04TI7N30,  is 
prepared  by  heating  'kreatine  in  a water- bath  and  passing  a current  of 
pure  HC1  over  it  as  long  as  any  water  is  formed.  The  hydrochloride  thus 
obtained  is  dissolved  in  water,  decomposed  by  lead  hydrate,  the  solution 
filtered  and  slowly  evaporated,  when  it  deposits  prismatic  crystals  of 
C4H7N30.2Aq,  which  lose  water  on  exposure  to  air,  becoming  opaque. 
If  it  be  dissolved  in  cold  water,  and  evaporated  in  vacuo,  the  original 
hydrated  crystals  are  reproduced,  but  if  it  be  dissolved  in  boiling  water 
and  the  solution  evaporated,  it  deposits  tabular  crystals  which  contain 
no  water.  The  solution  of  these  crystals  when  kept  for  some  time  at 
6o°  C.  deposits  the  prismatic  hydrated  kreatinine. 

Kreatinine  is  much  more  soluble  in  water  than  kreatine,  requiring 
about  12  parts  of  cold  water.  It  dissolves  in  about  100  parts  of  cold 
alcohol.  It  has  an  alkaline  reaction,  and  is  a strong  monacid  base.  It 
is  characterised  by  forming  a sparingly  soluble  crystalline  compound  with 
zinc  chloride,  (C4H7N30)2ZnClo.  In  contact  with  water,  especially  in  pre- 
sence of  bases,  kreatinine  is  converted  into  kreatine  by  hydration.  When 
kreatinine  is  boiled  with  baryta-water,  it  yields  ammonia  and  methyl- 
hyclantoin ; C4H7N30  + H.,0  = NH?  + C4H6lSr,0,.  This  compound  is  the 
methylated  derivative  of  hydantoin,  or  glycolyl-urea,  C0.N,H,.C1I,.C0, 
and  it  is  eventually  decomposed  into  sarcosine,  C02  and  N II 3 — 

C4H8N202  + 2H..0  = C3H.NO.,  + CO.,  + NH3. 

Kreatinine  does  not  appear  to  exist  as  sncli  in  flesh,  though  it  is  easily  pro- 
duced from  it  by  the  dehydration  of  the  kreatine.  A substance  having  the  same 
composition  as  kreatinine  exists  in  considerable  quantity  in  urine  (about  two 
grammes  in  the  urine  of  twenty-four  hours),  but  its  properties  are  not  quite  the 
same  as  those  of  the  kreatinine  prepared  from  the  kreatine  of  flesh.  In  order  to 
prepare  urinary  kreatinine,  the  urine  is  mixed  with  one-twentieth  of  its  volume  of 
a cold  saturated  solution  of  sodium  acetate,  and  with  one-fourth  of  its  volume  of  a 
cold  saturated  solution  of  mercuric  chloride ; this  produces  an  amorphous  precipi- 
tate which  is  quickly  filtered  off,  and  the  filtrate  is  set  aside  for  forty-eight  hours, 
when  it  deposits  a granular  precipitate,  appearing  in  spheres  under  the  micro- 
scope. The  composition  of  this  precipitate  when  dried  over  sulphuric  acid  is 
4(C1HJN3O.HCl.HgO).3HgCl.i.  This  precipitate  is  suspended  in  cold  water,  and 
decomposed  by  H„S,  the  mercuric  sulphide  is  filtered  off,  and  the  acid  filtrate 
evaporated  over  sulphuric  acid,  when  it  leaves  crystals  of  the  hydrochloride, 
C4H,N30.HC1.  The  concentrated  aqueous  solution  of  this  salt  is  decomposed,  in 
the  cold,  with  lead  hydrate,  when  an  alkaline  filtrate  is  obtained,  which  has  a 
bitter  taste,  and,  by  spontaneous  evaporation,  yields  prismatic  crystals  of 
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C^UjN^O.  2H,0,  which  rapidly  become  opaque  and  anhydrous  when  exposed  to 
air.  If  heat  be  employed  during  the  preparation  of  the  body,  tabular  crystals  of 
C4TI7N30  are  obtained,  which  are  unchanged  by  exposure  to  air. 

The  urinary  kreatinine  requires  362  parts  of  cold  alcohol  to  dissolve  it,  while 
flesh-kreatinine  requires  only  102  parts.  The  platinum-salt  of  the  former  is 
2(C4H7N30.HCl).PtCl.,.2H20,  whereas  that  of  the  flesh-kreatinine  is  anhydrous. 
Urinary  kreatinine  is  a more  powerful  reducing  agent  than  that  prepared  from 
flesh-kreatine  ; on  adding  mercuric  chloride  and  excess  of  potash,  it  gives  a pre- 
cipitate which  is  yellowish-white  at  first,  but  rapidly  becomes  black  from  reduc- 
tion of  mercury.  Both  kreatinines  reduce  alkaline  copper  solution,  but  4 mole- 
cular weights  of  the  urinary  kreatinine  are  equal  in  reducing  power  to  5 of  the 
flesh-kreatinine.  When  the  urinary  kreatinine  is  boiled  with  much  water  for 
some  time,  it  is  converted  into  kreatine,  but  if  this  be  converted  into  kreatinine 
hydrochloride  by  heating  in  HC1  gas,  the  salt  crystallises  from  a cold  aqueous 
solution  in  efflorescent  crystals,  while  the  hydrochloride  of  urinary  krea- 
tiniue  is  always  anhydrous.  Moreover,  the  gold-salt  of  the  natural  kreatinine, 
C4H7N3O.HC1.AuC13,  is  unchanged  by  ether,  which  decomposes  the  gold-salt  of  the 
artificial  base,  dissolving  the  auric  chloride  and  leaving  kreatinine  hydrochloride 
(G.  S.  Johnson,  Proc.  Boy.  Soc.,  xlii.  365  ; Cliem.  News,  lv.  304). 

561.  Leucine , or  amido-caproic  acid,  C3H10.NH2.COJEI,  is  prepared  by 
boiling  horn  shavings  (one  part)  with  sulphuric  acid  (pk  parts)  and 
water  (6|  parts)  in  a reflux  apparatus,  for  twenty-four  hours.  The  hot 
liquid  is  neutralised  by  lime,  filtered,  and  evaporated  to  about  one-third ; 
it  is  then  carefully  neutralised  with  sulphuric  acid  and  evaporated  till 
crystals  of  leucine  (and  tyrosine)  are  deposited  on  cooling ; it  is  re- 
crystallised from  water,  when  the  tyrosine  crystallises  first. 

Several  other  animal  substances  yield  leucine  and  tyrosine  when  boiled 
with  dilute  sulphuric  acid,  or  fused  with  potash.  The  elastine  com- 
posing the  cervical  ligament  of  the  ox  yields  more  than  horn.  Leucine 
also  occurs  extensively  in  animals  and  vegetables.  It  is  found  in  the 
liver,  spleen,  lungs,  and  pancreas;  also  in  caterpillars  and  spiders;  in 
the  white  sprouts  of  vetch,  in  yeast,  and  in  putrefying  cheese. 

Leucine  crystallises  in  pearly  scales,  moderately  soluble  in  water, 
slightly  in  alcohol,  and  insoluble  in  ether.  It  fuses  at  170°,  and  may 
be  partly  sublimed,  though  much  of  it  decomposes,  yielding  amylamine  ; 
C5H10.NH2.CO2H  = NH,.C5Hn  + C02.  Its  reaction  is  neutral,  but  it 
forms  compounds  both  with  acids  and  bases.  Hydriodic  acid  convei’ts 
it  into  caproic  acid  and  ammonia — 

C5H10.NH,.CO2H  + 2HI  = CsHn.C02H  + NHS  + I2.’ 

With  nitrous  acid  it  yields  lencic  or  hydroxy-caproic  acid — 

C5H10.NH2.CO2H  + HN02  = C5H)0.OH.CO2H  + N„  + H20. 

Leucine  is  obtained  synthetically  from  ammonia  and  bromocaproic 
acid;  NH3  + C5H10Br.CO2H  = C5H10.NH2.CO2H  + HBr;  also  by  the 
reaction  between  valeraldehyd-ammonia,  hydrocyanic  acid,  hydrochloric 
acid,  and  water — 

CrH10O.NH3  + HCN  + HC1  + H20  = C5H10.NH2.CO2H  + NH3.HC1. 

Tyrosine,  or  oxy-plienyl-amido-propionic  acid — 

C6H4(OH).C2H3.NH2.CO,H, 

is  obtained,  together  with  leucine,  when  albuminoid  or  gelatinoid  bodies 
are  boiled  with  dilute  sulphuric  acid  or  fused  with  potash.  It  crystal- 
lises in  needles  which  are  sparingly  soluble,  even  in  hot  water,  sparingly 
soluble  in  alcohol,  and  insoluble  in  ether.  Like  leucine,  it  behaves  both 
as  a weak  acid  and  a weak  base.  When  its  aqueous  solution  is  boiled 
with  mercuric  nitrate  it  gives  a yellow  precipitate  which  becomes  red 
when  boiled  with  nitric  acid  containing  nitrous  acid.  Acted  on  b\ 
chlorine,  tyrosine  yields  chloranil,  C0Cl4O2,  and  when  fused  with  potash 
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it  yields  ammonia  and  the  (para)hydroxy-benzoate  and  acetate  of 
potassium — 

C8H4.0H.C2Hs.NH2.C02H  + 2KHO  = NH3  + C8H4.0H.C02K  + CH3.C02K  + H., 

Guanine,  C5H5N50,  is  extracted  from  guano  (the  excrement  of  sea-fowl)  by  boil- 
ing it  with  lime  and  water,  and  boiling  the  undissolved  residue  with  soda,  which 
dissolves  the  guanine  and  uric  acid ; these  are  precipitated  by  acetic  acid,  anil 
the  guanine  dissolved  out  by  hydrochloric  acid,  and  precipitated  by  ammonia. 

It  is  amorphous,  insoluble  in  water  and  alcohol,  and  acts  as  a weak  cli-acid  base 
and  a weak  dibasic  acid.  It  is  very  nearly  related  to  uric  acid  (C5H4N403)  ; when 
evaporated  with  nitric  acid,  it  leaves  a yellow  residue  which  becomes  purple  red 
with  soda.  Oxidised  by  potassium  chlorate  and  hydrochloric  acid,  it  yields  C02, 
parabanic  acid,  and  guanidine — 

CsHsN.O  + 03  + H20  = C02  + C3H2N203  + C.NH.(NH2)2. 

Guanine  is  found  in  the  pancreas  of  the  horse,  in  gouty  deposits  in  pigs,  in  the 
excrement  of  spiders  and  the  scales  of  bleak,  it  is  formed,  together  with 
xanthine  and  sarcine,  when  yeast  is  allowed  to  decompose  in  water  at  35°  C. 

Xanthine,  C5H4N402,  is  prepared  by  the  action  of  nitrous  acid  on  guanine ; 
C5H5N50  + HN 0„  = C5H4N. ,02  + H20  + N2.  It  forms  minute  white  crystals  sparingly 
soluble  in  water,  insoluble  in  alcohol,  dissolved  by  alkalies,  and  reprecipitatecl  by 
acids.  Evaporated  with  nitric  acid  it  leaves  a yellow  residue,  becoming  violet 
when  heated  with  potash.  It  yields  crystalline  salts  with  acids,  but  they  are  de- 
composed by  water.  Its  ammoniacal  solution  yields,  with  silver  nitrate,  a gelatinous 
precipitate  containing  C5H2Ag2N402.H20,  which,  when  treated  with  methyl  iodide, 
yields  a compound  isomeric  with  theobromine — 

CiH,Ag.,N402  + 2CH3I  = C5H2(CH3)2N402  + ?AgI. 

Xanthine  occurs  in  certain  rare  urinary  calculi,  and,  in  small  quantity,  in  urine, 
in  the  liver,  pancreas,  spleen,  and  brain ; also  in  guano  and  yeast. 

Gar  cine,  or  hypoxanthine,  C5H4N40,  exists  in  extract  of  meat,  amounting  to  about 
0.6  per  cent.,  and  may  be  precipitated  from  the  mother-liquor  of  the  extraction 
of  kreatine  (p.  674)  "by  boiling  with  cupric  acetate.  The  brown  precipitate  is 
dissolved  in  nitric  acid  and  precipitated  by  silver  nitrate,  which  forms  an  insoluble 
compound  from  which  the  sarcine  may  be  extracted  by  decomposing  with  H2S 
and  boiling  with  much  water.  It  crystallises  in  minute  needles,  and  is  more 
soluble  than  xanthine,  though  it  forms  a less  soluble  hydrochloride.  It  is  feebly 
basic  and  acid.  Nitric  acid  oxidises  it  to  xanthine.  Sarcine  is  generally  found 
together  with  xanthine,  and  occurs  in  many  parts  of  the  animal  body,  especially 
in  marrow. 

Xanthine  and  sarcine  are  both  produced  when  uric  acid  is  acted  on  by  water 
and  sodium  amalgam.  This  reaction,  considered  together  with  the  conversion  of 
guanine  into  xanthine  by  nitrous  acid,  indicates  a simple  relationship  between 
these  compounds. 

Uric  acid . . C3H2(0H)2N40  Sarcine  . . C5H2(H)2N40 

Xanthine  . . C5H3.0H.N40  Guanine  . . C.H3.NH2.N40 

Gamine,  C7HsN403,  is  also  found  in  extract  of  meat,  and  much  resembles 
xanthine  and  sarcine.  Nitric  acid  or  bromine-water  oxidises  it  to  sarcine.  It 
may  possibly  be  derived  from  uric  acid  by  substitution  of  (CH3)2  for  H,,. 

Tetanine,  CSHUN,  has  been  obtained  from  the  putrefying  beef  extract  used  for 
cultivating  a microbe  which  is  alleged  to  be  the  cause  of  tetanus  in  animals.  It 
is  a volatile  liquid,  boiling  at  about  ioo°  C.,  and  produces  symptoms  of  tetanus 
when  injected  under  the  skin. 

Ptomaines. — Several  bases  obtained  from  decomposing  animal  matter  are  classed 
under  this  name  (irTtoya,  a corpse ).  Neuriiline,  C5TIl4N3,  and  neurine,  C.H|3NO,  have 
been  obtained  from  putrid  flesh;  muscarine,  0sH)sNO3,  and  gadinine,  C8HlrN02, 
from  putrid  fish.  Cadaver ine,  C.Hl8N2,  and putrescine,  C4H.SN2,  have  been  obtained 
from  a decomposed  corpse.  Mydine,  CsH11NO,  and  myaatoxine,  C8H13NOa,  have 
also  been  obtained. 

562.  Gelatinoid  compounds. — These  substances  are  so  called  from 
gelu,  ice,  because  their  solution  in  hot  water  becomes  a transparent 
jelly  on  cooling.  Gelatin  contains  50  per  cent,  carbon,  25.1  oxygen, 
18.3  nitrogen,  and  6.6  hydrogen,  numbers  which  approximate  to 
C42H6CNI301(.,  but  its  molecular  formula  has  not  been  determined, 
because  it  cannot  be  converted  into  vapour,  and  does  not  form  well- 
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defined  compounds  with  other  bodies.  It  may  be  obtained  by  digest- 
ing bones  in  cold  dilute  hydrochloric  acid,  till  the  calcium  phosphate 
and  other  salts  are  dissolved,  leaving  a residue  of  the  same  form  as  the 
bone,  but  of  a soft,  flexible  character.  This  is  termed  ossein,  and  has 
the  same  composition  a-s  gelatin,  into  which  it  is  converted  by  long  boil- 
ing with  water,  especially  under  pressure,  a solution  being  obtained 
which  becomes  a jelly  on  cooling,  and  leaves  a brittle,  transparent  mass 
(ylue)  when  dried.  Gelatin  does  not  fuse  when  heated,  but  swells  up 
and  decomposes,  yielding  very  offensive  alkaline  vapours,  containing 
ammonia  and  compound  ammonias  (methylamine,  Ac.),  pyrrol,  and  its 
derivatives,  toluene,  naphthalene,  ammonium  cyanide,  'water,  Ac.  Dip- 
pel’s  oil,  obtained  by  distilling  bones,  contains  these  products,  together 
with  others,  in  the  formation  of  which  the  fat  of  the  bones  takes  part, 
such  as  the  cyanides  of  the  fatty-acid  series  (propio-nitrile,  Ac.),  pyridine 


bases,  phenol,  and  aniline. 

Gelatin  softens  and  swells  in  cold  water,  but  does  not  dissolve ; hot 
water  dissolves  it,  and  the  solution  gelatinises  on  cooling,  even  when  it 
contains  only  i per  cent.  Continued  boiling  of  the  solution  destroys 
the  tendency  to  gelatinise.  Gelatin  is  insoluble  in  alcohol,  which  pre- 
cipitates it  in  white  flakes  from  its  aqueous  solution.  It  is  also  precipi- 
tated by  tannin,  which  combines  with  it  to  form  an  insoluble  non- 
putrescible  compound.  Mercuric  chloride  also  precipitates  solution  of 
gelatin.  If  gelatin  solution  be  mixed  with  potassium  dichromate,  the 
jelly  formed  on  cooling  becomes  insoluble  on  exposure  to  light,  which 
is  turned  to  account  in  photography ; the  action  probably  consists  in  an 
oxidation  of  the  gelatin.  Acetic  acid  dissolves  gelatin  {liquid  glue) , 
alkalies  also  dissolve  it.  When  boiled  with  strong  alkalies  or  with  di- 
luted sulphuric  acid  for  a long  time,  it  yields  leucine  and  glycocine 
(sugar  of  gelatin).  Heated  with  sulphuric  acid  and  potassium  dichro- 
mate or  manganese  di-oxide,  gelatin  yields  numerous  products  of  oxida- 
tion, among  which  are  found  many  of  the  fatty  acids,  with  their  cone- 
sponding  aldehyds  and  cyanides,  with  benzoic  acid,  bitter-almond  oil,  Ac. 

Gelatin  may  also  be  obtained  by  the  action  of  water  at  a high  temperature  on 
skin,  sinews,  and  connective  tissue.  Isinglass  is  a very  pure  variety  of  gelatin 
prepared  from  the  air-bladder  of  fish,  especially  of  the  sturgeon.  Glue  is  made 
from  the  refuse  and  parings  of  hides,  after  being  cleansed  from  ban  and  blood  by 
st^epino-  in  lime-water,  and  exposed  to  the  air  for  some  days  to  convert  the  lime 
into  carbonate,  and  prevent  the  injurious  effect  of  its  alkaline  character  upon  the 
o-elatin.  They  are  then  boiled  with  water  till  the  solution  gelatinises  firmly  on 
cooling,  when  it  is  run  off  into  another  vessel,  which  is  kept  warm  to  allow  the 
impurities  to  settle  down,  after  which  it  is  allowed  to  set  in  shallow  wooden 
coolers.  The  jelly  is  cut  up  into  slices  and  dried  upon  nets  hung  up  m a tree 
current  of  air.  Spring  and  autumn  arc  usually  selected  for  drying  glue,  since  the 
summer  temperature  would  liquefy  it,  and  frost  would,  of  course,  split  it  and 
render  it  unfit  for  the  market.  Size  is  made  in  a similar  manner,  but  finer  skins 
are  employed,  and  the  drying  is  omitted,  the  size  being  used  in  the  gelatinous 
state.  The  best  size  is  made  from  parchment  cuttings.  Moist  gelatin  easilj 
putrefies,  becoming  very  offensive ; for  this  reason  size  is  often  treated  w fill 

sulphurous  acid. 

Chondrin  (x6vdPoS,  cartilage)  is  prepared  by  the  action  of  water  at 
a high  temperature  on  the  cartilages  of  the  ribs  rP" 

sembles  gelatin  in  composition  and  properties.  It 
less  nitrogen  and  a small  quantity  of  sulphur. 

50  per  cent,  carbon,  28.6  oxygen,  14.4  nitrogen, 

0.4  sulphur. 


and  joints,  and  re- 
contains, however, 
Its  composition  is 
6.6  hydrogen,  and 
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The  aqueous  solution  of  chonclrin  is  precipitated  by  acetic  acid,  by 
alum,  and  by  lead  acetate,  which  do  not  precipitate  gelatin  When 
boiled  with  dilute  sulphuric  acid,  it  yields  leucine,  but  no  glycocme. 
Boiled  with  hydrochloric  acid,  it  gives  a solution  which  reduces  alkaline 

copper  solution  like  glucose.  , 

Sericin,  or  silk-gelatin , C15H,5N5Oa,  is  the  so-called  gum.  extracted 
from  silk  by  boiling  with  water ; it  resembles  gelatin,  but  is  precipi- 
tated by  basic  lead  acetate,  and,  when  boiled  with  sulphuric  acid  yields 
leucine,  tyrosine,  and  amidogly  ceric  acid  (serin),  C2H1.UH,.0.C02  . 

( Cystine , C,H.NO,S,  found  in  some  rare  urinary  calculi,  appears  to  be 
a sulphur  derivative  of  serin.) 

563.  Albuminoid  compounds. — Under  this  head  are  classed  several 
products  of  animal  and  vegetable  life,  which  are  not  crystalline  or  \ ola- 
tile,  and  differ  from  the  gelatinoid  bodies  by  their  insolubility  in  hot 
water.  They  resemble  each  other  very  closely  in  composition,  containing 
from  50  to  55  per  cent,  carbon,  21  to  27  oxygen,  13  to  18.5  nitrogen 
6.7  to  7.3  hydrogen,  and  0.4  to  1.7  sulphur.  If  the  sulphur  be  regarded 
as  essential  to  the  formula,  the  mean  of  these  numbers  would  give,  ap- 
proximately, the  formula  Cl3cI  !,10N;i5O17f\  whilst  the  atomic  ratio  between 
the  four  other  elements  is  nearly  C40HG3N1()O13,  giving  a much  higher 
proportion  of  nitrogen  to  carbon  than  is  usual  in  organic  substances. 

Albumen,  or  white  of  egg,  C72H108U18O2,S, . may  be  extracted  from  its 
aqueous  solution  contained  in  the  egg,  by  stirring  it  briskly  to  break  up 
the  membrane,  adding  a little  acetic  acid  to  neutralise  the  soda  piesent 
in  the  white,  filtering,  placing  for  twelve  hours  on  a dialyser  (p.  114)  to 
separate  the  sodium  chloride  and  acetate,  evaporating  the  contents  of  the 
dialyser,  below  50°  C.,  powdering  the  residue,  and  treating  with  ether  to 
extract  fatty  matters.  The  albumen  so  prepared  is  an  amorphous  solid, 
of  sp.  gr.  1. 3 1.  When  heated,  it  swells  up,  carbonises,  and  evolves 
offensive  alkaline  vapours,  usually  leaving  a slightly  alkaline  ash,  con- 
taining a trace  of  calcium  phosphate,  which  is  very  difficult  to  separate 

completely  from  the  albuminoids.  . 

In  cold  water,  albumen  slowly  softens  and  dissolves,  like  gum ; it  this 
be  heated  to  about  70°  C.  (158°  F.),  the  albumen  is  converted  into  an 
insoluble  form,  becoming  a white,  soft  solid,  as  in  boiled  eggs,  it  the 
albumen  amounts  to  12  per  cent.,  and  a flocculent  precipitate  if  the  solu- 
tion be  diluted.  The  coagulated  albumen  is  not  easily  dissolved  by  acids 
or  alkalies,  and  is  believed  to  be  the  anhydride  of  soluble^  albumen,  for 
if  it  be  heated  with  water  in  a sealed  tube  to  above  150  C.  (302  F.), 
it  is  dissolved  to  a reddish  liquid,  which  behaves  like  a solution  of  01  di- 
nary albumen,  but  is  not  coagulated  by  heat.  Raw  white  of  egg  is  in- 
odorous, and  does  not  blacken  silver ; but  after  boiling  it  smells  of  H,S, 
and  blackens  silver,  showing  that  it  suffers  some  decomposition  during 
coagulation.  When  dried,  the  coagulated  albumen  forms  a translucent 
brittle  mass,  which  becomes  white  and  opaque  in  water.  The  soluble 
form  of  albumen,  completely  dried  below  50°  C.,  may  afterwards  be 
heated  to  ioo°  C.,  without  becoming  insoluble. 

Alcohol  precipitates  albumen  from  its  solution,  and  the  soluble  is 
converted  into  the  insoluble  form  by  digestion  with  strong  alcohol.  It 
is  also  precipitated  by  shaking  with  ether  or  turpentine. 

In  many  reactions  albumen  resembles  the  amido-compounds,  as  in  playing  the 
part  of  a weak  acid  and  a weak  base.  Strong  potash  added  to  a solution  of 
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albumen  precipitates  a gelatinous  compound  of  potash  and  albumen,  which  is 
soluble  in  boiling  water,  and  gives,  with  metallic  salts,  precipitates  contain- 
ing albumen  and  metallic  oxides.  Acids  coagulate  the  solution  of  potash- 
albumen. 

The  mineral  acids,  except  ortho-  and  pyro -phosphoric  acids,  precipitate  a solu- 
tion of  albumen,  the  precipitate  being  a compound  of  the  acid  with  albumen, 
but  the  organic  acids,  except  picric,  do  not,  as  a rule,  precipitate  it.  Many  of  the 
compounds  of  albumen  and  acids  have  been  proved  to  have  a definite  composition. 
Nitric  acid  has  long  been  employed  as  a test  for -albumen  (in  urine,  for  example), 
since  it  forms  a precipitate  even  in  a very  weak  solution,  but  if  the  liquid  be 
mixed  with  a very  minute  quantity  of  the  acid,  the  flocculent  precipitate  formed 
at  first  disappears  on  shaking,  and  the  clear  acid  liquid  is  not  precipitated  by 
boiling.  The  same  thing  is  observed  with  sulphuric  and  hydrochloric  acids. 
Very  weak  nitric  acid,  in  the  course  of  a few  weeks,  converts  albumen  into  a 
yellow  mass,  which  may  be  washed  with  cold  water,  and  afterwards  dissolves  in 
hot  water,  and  gelatinises  on  cooling.  When  nitric  acid  is  added  to  the  solution 
of  potash-albumen,  it  produces  a precipitate,  which  dissolves  in  the  slightest 
excess  of  the  acid,  reappears  on  adding  more  acid,  dissolves  on  boiling,  and 
gelatinises  on  cooling. 

To  obtain  definite  compounds  of  albumen  with  the  acids,  beaten  white  of  egg 
is  placed  in  a hoop-dialyser  floated  upon  the  surface  of  the  very  diluted  acid  for 
about  24  hours,  when  the  acid  passes  through  the  dialyser  and  combines  with  the 
albumen.  To  prepare  the  nitrate,  an  acid  containing  1 grin.  HN03  in  100  c.c.  was 
employed.  It  formed  a semi-transparent  jelly  which  dissolved  in  boiling  water, 
yielding  an  acid  solution  which  gelatinised  on  cooling.  On  neutralising  with  an 
alkali  and  heating,  the  albumen  was  precipitated.  Excess  of  alkali  added  to  the 
cold  solution  prevented  the  coagulation,  but  did  not  redissolve  the  coagulum  when 
added  to  the  hot  solution.  Dried  in  vacuo , the  nitrate  was  a brittle  transparent 
mass,  which  swelled  up  in  water,  and  gradually  dissolved.  It  was  not  changed 
at  ioo°  C.  The  nitric  acid  in  two  specimens  prepared  with  acids  of  different 
strengths  amounted,  respectively,  to  6.70  and  6.69  percent.  The  hydrochloride 
forms  a very  transparent,  nearly  colourless  jelly,  soluble  in  hot  water  ; the  solu- 
tion gives  no  precipitate  with  silver  nitrate  until  the  albumen  has  been  precipi- 
tated by  nitric  acid.  Solution  of  the  hydrochloride  is  precipitated  by  mercuric 
chloride  and  basic  lead  acetate,  which  do  not  precipitate  the  nitrate.  It  contains 
3.93  per  cent,  of  hydrochloric  acid.  The  sulphate  did  not  gelatinise  until  a day 
or  two  after  its  removal  from  the  dialyser  ; the  moist  jelly  carbonised  at  ioo°  C., 
but  after  drying  in  vacuo , it  was  unchanged  at  ioo°.  The  sulphate  is  not  pre- 
cipitated by  mercuric  chloride.  It  contains  5.36  per  cent,  of  H2SO.,.  The  ortho- 
phosphate does  not  gelatinise  until  it  is  heated,  and  is  not  precipitated  by  mer- 
curic chloride  ; it  contains  8.47  per  cent,  of  H3POr 

The  albumen  metaphosphate  does  not  gelatinise  spontaneously,  and  when  heated 
it  forms  an  opaque  insoluble  coagulum  ; but  if  heated  with  an  equal  bulk  of  water, 
it  yields,  on  cooling,  a transparent  jelly.  It  contains  4.37  per  cent.  HPOr  The 
citrate  resembles  the  metaphosphate,  and  contains  6.54  per  cent,  of  H3C6H507. 
Albumen  oxalate  forms  a clear  soluble  jelly,  when  heated,  or  mixed  with  alcohol, 
and,  when  dried,  contains  5.32  per  cent,  of  H2C„0,.  The  tartrate  resembles  the 
oxalate,  and  contains  15.63  per  cent,  of  H2C.,H406.  The  acetate  resembles  the 
metaphosphate  and  citrate,  and  contains  5.5  per  cent,  of  HC2HS02.  In  most  cases, 
the  percentages  of  the  acids  in  the  above  compounds  bear  very  simple  molecular 
ratios  to  each  other. 

The  reagents  commonly  employed  for  precipitating  albumen  are  nitric  acid, 
mercuric  chloride,  potassium  ferrocyanide,  and  picric  acid.  Of  these,  nitric  and 
picric  acids  precipitate  all  the  above  compounds  of  albumen  with  the  acids  ; 
potassium  ferrocyanide  precipitates  all  except  the  metaphosphate,  citrate,  and 
oxalate  ; mercuric  chloride  only  precipitates  the  hydrochloride  and  the  metaphos- 
phate.* Two  molecules  of  albumen  are  completely  precipitated  by  one  molecule 
of  potassium  ferrocyanide,  the  precipitate  being  albumen  combined  with  H4I  eCy„. 

Strong  hydrochloric  acid  gives  with  albumen  a precipitate  which  dissolves  in 
excess,  and  gives  a purplish  solution  when  boiled  in  contact  with  air.  Strong 
nitric  acid  colours  coagulated  albumen  yellow  ; alkalies  dissolve  the  yellow  mass  to 
an  orange  liquid,  from  which  acids  precipitate  yellow  flakes  (xanthoproteic  acid). 

* See  a Paper  by  G.  Stillinglleet  Johnson,  “ Chem.  Soc.  Journ.”  xxvii.  734. 
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Albumen  also  gives  a fine  red  colour  with  mercuric  nitrate  containing  nitrous 
acid  ( Milton's  test;  prepared  by  dissolving  mercury  in  twice  its  weight  of  nitric 
acid,  in  the  cold,  and  adding  twice  its  bulk  of  water).  By  careful  treatment  with 
pure  nitric  acid,  albumen  is  converted  into  tri-nitro-albumen,  C72H105(NO2)3N18SO2.,, 
a yellow  insoluble  body.  Strong  sulphuric  acid  dissolves  albumen,  in  the  cold,  to 
a brownish  liquid,  which  carbonises  when  heated,  ammonium  sulphate  being  pro- 
duced. A particle  of  sugar  added  to  the  solution  in  cold  sulphuric  acid  gives  a 
violet  colour.  The  compound  formed  by  the  action  of  strong  sulphuric  acid  on 
albumen  has  been  obtained  as  a white  powder  of  the  composition 

C72H107(SO3H)N]8SO22,  _ 

and  is  called  albumino-sulpl ionic  acid;  it  is  insoluble  in  dilute  acids,  but  soluble  in 
alkalies.  A mixture  of  strong  sulphuric  and  nitric  acids  converts  albumen  into 
Jiexanitro-albumino-sulphonic  acid,  C72H101(NO2)g(SO3H)N18SO22,  a bitter  yellow  pow- 
der, insoluble  in  water,  alcohol,  and  dilute  acids,  soluble  in  alkalies  to  a red  solu- 
tion. Ammonium  sulphide  converts  this  into  the  corresponding  amido-compound, 
C72HI01(NH2)6(SO3H)N,9SO22,  which  has  weak  acid  properties.  When  boiled  with 
moderately  dilute  sulphuric  acid,  albumen  yields  leucine  and  tyrosine  (p.  676). 
With  solution  of  potash,  on  boiling,  it  also  gives  leucine  and  tyrosine,  evolves  one- 
third  of  its  nitrogen  as  ammonia,  and  its  sulphur  is  converted  into  potassium 
sulphide,  which  gives  a black  precipitate  on  adding  a salt  of  lead.  When  heated 
with  baryta-water  to.  150°  C.,  it  evolves  part  of  its  nitrogen  as  ammonia,  and 
barium  carbonate  is  formed  in  the  same  ratio  to  the  ammonia  as  when  urea  is 
heated  with  baryta ; this  has  led  to  the  conclusion  that  albumen  contains  one-fifth 
of  its  nitrogen  in  a form  nearly  allied  to  urea,  and  that  it  is  probably  a complex 
ureide  (p.  592).  With  manganese  dioxide  or  potassium  dichromate,  and  sulphuric 
acid,  albumen  yields  products  similar  to  those  furnished  by  gelatin  (p.  678).  When 
oxidised  by  potassium  permanganate,  it  yields  benzoic  acid.  Boiled  with  a mixture 
of  potassium  permanganate  and  potash,  it  evolves  the  whole  of  its  nitrogen  as  am- 
monia, whilst  with  potash  alone  it  only  gives  off  one-tliird  of  its  nitrogen. 

When  albumen  is  heated  with  bromine  and  water  in  a sealed  tube,  it  yields 
bromoform,  leucine,  aspartic  acid,  bromacetic  acid,  oxalic  acid,  and  a little  bro- 
manil,  CO„  being  evolved. 

564.  The  gastric  juice  dissolves  coagulated  albumen  digested  with  it  at 
about  370  C.,  and  the  solution  is  not  precipitated  by  potassium  ferro- 
cyanide  nor  coagulated  by  heating.  In  this  condition  it  is  said  to  have 
been  peptonised,  or  converted  into  peptone  (awTco,  to  digest).  The  con- 
stituent of  the  gastric  juice  which  effects  this  change  is  termed  pepsin , 
and  may  be  precipitated  from  the  juice  by  alcohol.  It  resembles  albu- 
men in  composition,  but  is  much  less  putrescible.  When  dissolved  in 
dilute  hydrochloric  acid  it  yields  a mixture  which  peptonises  most 
albuminoids  if  digested  at  about  40°  C.  The  pepsin  prepared  from 
the  stomach  of  the  pig  and  other  animals  is  sometimes  administered 
medicinally  to  assist  digestion. 

Serum  albumen  forms  nearly  8 per  cent,  of  the  serum  of  blood,  and  is  found  in 
other  liquid  secretions.  It  may  be  prepared  by  precipitating  the  diluted  serum 
with  lead  acetate,  suspending  the  washed  precipitate  in  water,  and  decomposing 
it  with  C02 ; the  filtered  liquid  is  then  evaporated  below  50°  C.  It  appears  to 
contain  less  sulphur  than  ovalbumen  in  the  ratio  of  1.2  : 1.6,  but  rather  more 
oxygen  (23.1  : 22.4).  In  properties  it  very  closely  resembles  ovalbumen,  but  it  is 
not  coagulated  by  ether,  and  gives  precipitates  with  nitric  and  hydrochloric  acids 
which  are  more  easily  dissolved  by  excess  than  those  of  egg  albumen.  It  is  more 
powerfully  laworotatory  than  egg  albumen. 

Vegetable  albumen  is  the  substance  which  is  precipitated  by  heat  from  the  juices 
of  plants,  and  from  their  infusions  in  cold  water.  It  has  not  been  obtained  pure 
in  the  soluble  condition.  It  appears  to  contain  less  sulphur  even  than  serum 
albumen. 

Globidin,  or  paraglobin,  is  very  similar  in  character  and  composition  to  albumen, 
but  it  is  insoluble  in  pure  water  ; it  dissolves  in  a very  weak  solution  of  salt,  and 
in  very  weak  acids  and  alkalies.  It  dissolves  in  water  saturated  with  oxygen,  and 
is  precipitated  by  carbon  dioxide.  This  gas  precipitates  it  in  a granular  form 
from  the  serum  of  blood ; saturation  of  the  serum  with  salt  also  precipitates  it. 
Globulin  is  found  in  the  aqueous  humour  and  crystalline  lens  of  the  eye. 
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1 Iyosin  (,uOs,  a muscle)  is  an  albuminoid  contained  in  flesh,  which  is  liquid  dur- 
ing life  and  coagulates  after  death.  It  may  be  extracted  from  chopped  flesh  by 
triturating  it  to  a pulp  with  common  salt,  adding  9 parts  of  water  for  one  of  salt, 
digesting  for  some  time  at  240  C.,  pressing  through  linen  and  filtering;  the 
myosin  is  precipitated  on  adding  much  water,  or  by  saturating  it  with  salt.  The 
coagulation  of  the  myosin  in  the  muscles  is  believed  to  be  the  cause  of  the  rigidity 
of  the  limbs  after  death. 


565.  Fibrin  composes  the  muscular  fibre  of  flesh,  and  is  contained, 
to  the  amount  of  about  0.4  per  cent.,  in  the  serum  of  blood.  It 
differs  from  the  other  albuminoids  in  its  tendency  to  spontaneous  co- 
agulation, in  which  it  resembles  myosin,  but  it  is  not  dissolved  by 
solution  of  salt.  It  may  be  obtained  from  freshly  drawn  blood  by 
whipping  it  with  a bunch  of  twigs,  when  the  fibrin  adheres  to  them  in 
threads  which  become  nearly  white  when  washed,  and  may  be  freed 
from  fat  by  alcohol  and  ether.  If  the  blood  be  not  stirred  when 
freshly  drawn,  it  forms  a red  clot  caused  by  the  coagulation  of  the 
fibrin,  and  the  entanglement  in  it  of  the  red  blood-globules ; if  the 
clot  be  cut  up  and  washed  in  a cloth,  the  globules  may  be  washed 
away  and  the  fibrin  left.  If  seven  measures  of  blood  be  drawn  into  a 
vessel  containing  one  measure  of  a cold  saturated  solution  of  sodium 
sulphate,  the  fibrin  will  remain  in  solution,  whilst  the  blood-globules 
will  be  deposited  on  standing.  The  clear  yellow  solution  containing 
albumen  and  fibrin  is  largely  diluted  with  water,  when  the  fibrin  is 
precipitated. 

Fibrin  forms  elastic  strings  which  dry  into  a yellow  horn)  mass. 
When  fresh,  it  readily  absorbs  oxygen,  and  evolves  CO„.  It  is  in- 
soluble in  water,  alcohol,  solution  of  salt,  and  in  cold  very  dilute  III 
(0.1  per  cent.),  but  this  dissolves  it  at  6o°  C.  Solution  of  nitre  at 
40  G.  also  dissolves  it.  When  heated  for  some  time  with  water  at 
7 20  0.,  it  becomes  insoluble  in  dilute  acids  and  salts,  but  dissolves  m 
alkalies.  Boiled  for  many  hours  with  water,  one-fifth  of  it  may  be 
dissolved,  yielding  a solution  having  some  of  the  properties  of  gelatin. 
Heated  with  water  to  120°  .0.  for  some  hours,  it  is  almost  entirely  dis- 
solved. The  solution  of  fibrin  in  weak  IT  Cl  is  precipitated  by  neutral- 
isation and  by  saline  solutions.  The  precipitate  always  contains  a 
little  calcium  phosphate.  Fibrin  soaked  in  weak  potash  becomes  gela- 
tinous, and  if  heated  to  60°  C.,  dissolves  to  a solution  resembling  that 
of  albumen.  Fibrin  is  hardened  and  rendered  non-putrescible  when 
soaked  in  solution  of  tannin.  Fresh  moist  fibrin  rapidly  decomposes 
liydric  peroxide,  evolving  oxygen.  Moist  fibrin  soon  begins  to  putrefy 
when  exposed  to  air,  and  becomes  fluid  in  a week ; the  products  of 
putrefaction  resemble  those  from  albumen.  Sulphuric  acid  and  potas- 
sium dichromate  act  upon  fibrin  as  upon  albumen,  but  larger  quantities 

of  butyric  acid  and  butyral  are  obtained.  . 

It  appears,  from  recent  investigations,  that  fibrin  does  not  exist  as 
such  in  the  serum  of  blood,  but  that  it  is  produced  by  the  reaction 
between  two  varieties  of  globulin,  which  takes  place  as  soon  as  then 
solution  is  out  of  contact  with  living  tissue  ; one  of  these  {fibrino- 
plasmin)  is  precipitated  by  CO.,  from  blood  deprived  of  its  globules 
(see  above),  and  the  other  {fibrinogen)  is  deposited  on  mixing  the  con- 
centrated filtrate  with  alcohol.  These  may  be  dissolved  in  very  weak 
alkali,  and  the  solutions  coagulate  when  mixed. 

Fibrin  from  blood  contains  more  nitrogen  than  the  albumen 
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serum  (17.4  : 15-6)  and  a little  less  oxygen  (21.8  : 23.1).  It  does  not 
appear  that  blood-fibrin  and  flesh-fibrin  are  identical. 

566.  Casein  is  the  chief  constituent  of  the  curd  ot  milk,  and  difteis 
from  the  other  albuminoids  in  not  coagulating  spontaneously  01  on 
heating.  It  exists  in  milk  as  a soluble  compound  with  a little  potash 
or  soda,  and  is  separated  as  curd  when  the  alkali  is  neutralised  eithei 
by  adding  an  acid  or  by  the  formation  of  acid  (lactic)  by  the  decom- 
position of  milk-sugar  caused  by  spontaneous  fermentation.  It  is  pie- 
pared  by  precipitating  diluted  milk  with  acetic  acid  and  washing  the 
precipitate  with  water,  alcohol,  and  ether  in  succession,  to  re  mm  e 
soluble  matters  and  fat;  it  is  further  purified  by  dissolving  in  weak 
soda  and  precipitating  it  by  acetic  acid.  Coagulated  casein  is  charac- 
terised by  the  facility  with  which  it  is  dissolved  by  weak  alkaline  solu- 
tions, yielding  a liquid  upon  the  surface  of  which,  when  boiled,  an 
insoluble  pellicle  forms,  like  that  produced  on  the  surface  of  boiled  milk. 
Coagulated  casein  may  also  be  dissolved  by  acetic  or  oxalic  acid,  but 
sulphuric  or  hydrochloric  acid  reprecipitates  it,  these  acids  forming 
compounds  with  casein  which  are  insoluble  in  the  acids,  but  soluble  in 
water.  If  skimmed  milk  be  carefully  evaporated  to  dryness,  and  the 
fat  extracted  from  the  residue  by  ether,  the  casein  is  left  in  the  soluble 
form  mixed  with  milk-sugar,  and  may  be  dissolved  in  water  or  in  dilute 
alcohol. 

Casein  combines  with  slaked  lime  to  form  a hard  insoluble  mass,  so 
that  a mixture  of  cheese  with  lime  is  sometimes  used  as  a cement  for 
earthenware.  The  curd  of  milk,  washed  and  dried,  is  used  by  calico- 
printers,  under  the  name  of  lactarine,  for  fixing  colours.  If  it  be  dis- 
solved in  weak  ammonia,  mixed  with  one  of  the  aniline  dyes,  printed 
on  calico,  and  steamed,  the  colour  is  left  as  an  insoluble  compound  with 
the  casein. 

A distinctive  property  of  casein  is  its  coagulation  by  rennet,  the 
mucous  membrane  of  the  stomach  of  the  calf,  a small  quantity  of  which, 
or  of  its  infusion  in  water,  coagulates  the  casein  in  a large  quantity  of 
milk ; the  coagulation  does  not  appear  to  depend  upon  the  formation  of 
lactic  acid,  but  upon  a specific  action  of  the  rennet;  the  curd  thus 
produced  contains  calcium  and  magnesium  phosphates,  and  is  not  easily 
soluble  in  sodium  carbonate.  The  casein  of  milk  is  more  readily  co- 
agulated by  acids  and  by  rennet  when  the  milk  is  warmed;  hence  milk 
which  has  undergone  very  slight  fermentation  is  curdled  when  heated, 
but  if  fresh  milk  be  heated  to  boiling,  the  decomposition  will  be  prevented. 
The  casein  of  milk  is  precipitated  by  some  neutral  salts,  such  as  sodium 
chloride  or  magnesium  sulphate,  and  even  by  an  excess  of  sodium 
carbonate. 

The  general  chemical  behaviour  of  casein  resembles  that  of  albumen. 
It  contains  a little  less  sulphur  than  albumen  and  fibrin. 

Legumin,  or  vegetable  casein,  is  found  in  peas,  beans,  and  most  legu- 
minous seeds.  If  dried  peas  be  crushed  and  digested  for  some  time  in 
warm  water,  a turbid  liquid  is  obtained,  holding  starch  in  suspension ; 
this  is  allowed  to  settle,  the  supernatant  liquid  precipitated  by  acetic 
acid,  and  the  legumin  purified  from  fat  by  washing  with  alcohol  and 
ether.  It  closely  resembles  casein,  its  solution  forming  a pellicle  when 
heated,  and  being  coagulated  by  rennet.  In  composition,  it  differs  some- 
what from  casein,  containing  about  1 per  cent,  more  nitrogen,  and 
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only  about  half  as  much  sulphur.  When  boiled  with  dilute  sulphuric 
acid,  legumin  yields  much  less  leucine  than  albumen  and  fibrin  furnish, 
and  very  little  tyrosine ; but  it  gives  more  aspartic  acid  and  glutamic 
acid  (C3H..lSrH,(CO,H)2,  homologous  with  aspartic  acid). 

Gluten  is  the  tough,  sticky  substance  which  is  left  when  flour  is  made 
into  dough,  tied  up  in  muslin,  and  kneaded  in  water  as  long  as  any 
starch  passes  through.  It  speedily  putrefies  when  exposed  to  the  air,  and 
dries  up  to  a brittle,  horny  mass  at  ioo°  C.  When  fresh  gluten  is  boiled 
with  dilute  alcohol,  a portion  is  left  undissolved,  and  has  been  named 
vegetable  fibrin,  as  it  forms  a tough,  elastic  mass.  It  dissolves  in  very 
dilute  HOI  and  in  dilute  alkalies,  and  is  precipitated  by  acetic  acid  and 
by  salts.  When  the  alcoholic  solution  cools,  it  deposits  white  flakes  of 
gluten-casein,  and  on  adding  water  to  the  filtrate*  glutin,  or  gliadin,  is 
precipitated.  These  substances  resemble  legumin  in  composition,  but 
contain  twice  as  much  sulphur. 

567.  Pkoteids. — The  albuminoids  were  formerly  supposed  to  be  derived  from  a 
primary  source  termed  protein,  and  are  often  referred  to  as  protein  compounds,  but 
the  term  proteid  comprises  certain  animal  substances  which  appear  to  have  been 
formed  from  the  albuminoids,  and  resemble  them  in  their  general  reactions. 

Keratin  forms  the  chief  part  of  horns,  claws,  nails,  feathers,  hair,  and  wool, 
and  remains  when  these  have  been  treated  with  all  ordinary  solvents.  It  is 
softened  by  long  boiling  with  water,  and  is  dissolved  when  heated  with  water 
under  pressure.  It  swells  up  and  gradually  becomes  soluble  in  strong  alkalies  and 
acetic  acid,  especially  on  boiling.  It  contains  more  sulphur  than  the  albuminoids. 
Fibroin  from  silk,  and  spongin  from  sponge,  are  similar  bodies. 

Mucin  is  the  substance  which  gives  the  viscous  character  to  bile,  saliva,  and 
some  other  animal  secretions,  and  to  the  slime  of  the  snail.  To  prepare  it,  snails 
are  cut  up,  triturated  with  sand  to  a pulp,  boiled  with  water,  filtered  while  hot, 
and  precipitated  by  excess  of  acetic  acid  ; the  precipitated  mucin  is  washed  with 
weak  acetic  acid  as  long  as  the  washings  are  precipitated  by  tannic  acid,  indi- 
cating peptone.  Dry  mucin  is  unaffected  even  by  hot  water.  Moist  mucin  swells 
up  in  a remarkable  manner  in  water,  but  does  not  dissolve ; a little  acid  causes  it 
to  separate  in  flocks  which  do  not  easily  dissolve  in  an  excess  of  acid.  Alkalies 
dissolve  it,  and  acids  reprecipitate  it.  Mucin  dissolves  in  a strong  solution  of 
salt,  and  is  precipitated  again  by  water.  Alcohol  coagulates  mucin  into  flocks. 
Acid  solutions  of  mucin  are  not  precipitated  by  potassium  ferrocyanide  (unlike 
albumen).  Boiling  dilute  acids  dissolve  mucin,  converting  it  into  a substance 
having  the  properties  of  glucose  and  another  which  resembles  albumen.  The 
composition  of  mucin  has  not  been  well  established ; it  contains  the  same 
elements  as  albumen,  but  much  less  nitrogen. 

Nuclein  is  contained  in  the  nuclei  of  pus-globules,  in  the  blood-globules  of 
birds  and  snakes,  in  yolk  of  egg,  in  brain,  and  in  milk.  It  stands  apart  from 
other  proteids,  by  containing  about  2 per  cent,  of  phosphorus  in  actual  organic 
combination  (and  not  as  calcium  phosphate,  which  so  constantly  accompanies  the 
albuminoids).  In  extracting  it,  advantage  is  taken  of  its  insolubility  in  the 
digestive  fluids.  Pus-globules  are  treated  with  warm  alcohol,  which  removes 
lecithin,  and  afterwards  with  a pepsin  solution  made  from  extract  of  pig’s  stomach, 
and  containing  1 per  cent,  of  strong  HC1.  The  insoluble  residue  consists  of 
nuclein.  _ 

Pus-globules  are  obtained  by  treating  the  discharge,  or  the  bandages  to  which 
it  adheres,  with  a mixture  of  1 part  of  a saturated  solution  of  sodium  sulphate 
and  9 parts  of  water,  when  the  serum  remains  in  solution,  and  the  pus-globules 
sink  and  may  be  washed  by  decantation  ; if  these  be  digested  with  cold  dilute 
PI  Cl  and  afterwards  shaken  with  a mixture  of  ether  and  water,  the  nuclei  remain 
as  a fine  powder  at  the  bottom. 

Nuclein  is  remarkable  for  its  insolubility  in  all  ordinary  solvents ; it  appeals  to 
have  an  acid  character,  and  dissolves  in  sodium  carbonate  or  acetate,  the  solution 
in  the  latter  giving  precipitates  with  salts  of  zinc,  copper,  and  lead.  It  is  of 
considerable  importance  in  the  chemistry  of  physiology,  since  it  appears  to  be 
the  chief  constituent  of  the  cell-nucleus  or  cytoblast  (kuw,  I bold;  pXaaros,  a 
sprout). 
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Amyloid  matter  is  a substance  resembling  albumen  in  composition,  but  was 
originally  mistaken  for  starch,  because  it  gives  a brown-violet  colour  with  iodine, 
and  a violet  or  blue  if  previously  treated  with  sulphuric  acid.  It  occurs  in  certain 
diseased  conditions  of  various  organs,  as  in  the  liver,  kidneys,  spleen,  and  brain, 
and  may  be  extracted  from  the  minced  matter  by  exhausting  with  water,  alcohol, 
and  alcohol  containing  hydrochloric  acid,  and  afterwards  with  artificial  gastric 
juice  (pepsin  and  HC1)  at '40°  as  long  as  anything  dissolves.  It  is  an  amorphous 
substance  resembling  insoluble  albumen  in  many  of  its  properties. 

568.  Bkaix  and  nervous  substance. — The  brain  and  nerves  contain  a peculiar 
phosphorised  fat  which  has  been  termed  lecithin,  and  has  the  empirical  formula 
CwHs2NP08.  It  is  a glycerin  derivative,  and  its  reactions  show  that  it  contains 
the  group  C.,H.  (glyceryle),  and  probably  the  radicals  of  palmitic  and  oleic 
acids,  and  a phosphorised  group,  N ( CH.^. C2H4(P0s)0.2,  closely  related  to  neurine, 
N(CH3)3.C.,H(iO.>  (p.  673).  A variation  in  the  fatty  acid  radicals  gives  rise  to  leci- 
thins of  different  formulae,  which  appear  to  be  constant  constituents  of  the  cell- 
material  of  organised  bodies,  both  animal  and  vegetable,  and  hence  necessitate  a 
constant  supply  of  phosphorus  in  the  food  of  plants  and  animals. 

Lecithin  may  be  prepared  from  the  substance  of  the  brain  by  exhausting  it 
with  ether,  treating  the  residue  with  alcohol,  and  cooling  the  alcoholic  solution 
in  ice,  when  a mixture  of  lecithin  and  cerebrin  is  deposited.  On  treating  this  with 
ether,  the  lecithin  is  dissolved,  and  may  be  purified  by  evaporating  the  ether,  re- 
dissolving in  alcohol,  adding  an  alcoholic  solution  of  platinic  chloride,  and  decom- 
posing the  platinum  salt,  (CJ2HS3NPOsCl).rPtCl.t,  with  H„S  ; on  evaporating  the 
filtrate,  the  lecithin  is  obtained  as  a fusible  crystalline  body,  insoluble  in  water 
and  sparingly  soluble  in  cold  alcohol  and  ether.  It  combines  both  with  bases  and 
acids.  When  boiled  with  acids  or  with  potash  or  baryta,  it  yields  neurine,  phos- 
phoglyceric  acid,  C3H3(OII)2  PO.,(OH),,,  palmitic  and  oleic  acids. 

Cerebrin,  obtained  from  brain  as  above  described,  is  a white  powder,  which  swells 
up  like  starch  when  boiled  with  water.  It  yields  a substance  resembling  glucose 
when  boiled  with  dilute  acids.  The  formula  of  cerebrin,  or  cerebric  acid,  as  it  is 
sometimes  called,  appears  to  be  C17H33N03.  It  is  also  found  in  pus-globules. 

The  so-called  protagon  appears  to  be  a mixture  of  lecithin  and  cerebrin. 

569.  Colouring  matters  of  the  animal  body. — The  colouring  matter 
contained  in  the  red  globules  of  arterial  blood  is  called  oxyhcemoglobin , 
and  resembles  albumen  in  composition,  except  that  it  contains  only  0.4 
per  cent,  of  sulphur  and  0.43  per  cent,  of  iron.  To  extract  it  from 
blood,  the  fibrin  is  separated  by  whipping  (p.  682),  and  the  defibrinated 
blood  is  mixed  with  ten  volumes  of  a solution  containing  3 per  cent,  of 
common  salt.  This  prevents  the  coagulation  of  the  fibrin,  and  the  red 
globules  subside  after  a day  or  two  ; the  clear  liquid  is  poured  off,  and 
the  globules  shaken  with  water  and  an  equal  volume  of  ether,  which 
dissolves  the  envelopes  of  the  globules,  and  allows  the  colouring  matter 
to  pass  into  the  water.  The  aqueous  layer  is  separated,  cooled  in  ice,  one- 
fourth  of  its  volume  of  alcohol  added,  and  the  cooling  carried  to  — 50  C., 
when  the  oxylnemoglobin  crystallises  out  in  forms  which  vary  in  dif- 
ferent animals.  That  obtained  from  the  blood  of  men,  oxen,  sheep,  pigs, 
and  rabbits  is  not  easily  obtained  in  crystals,  the  best  for  this  purpose 
being  the  blood  of  dogs,  guinea-pigs,  hedgehogs,  and  rats.  The  crystals 
contain  oxygen  in  a loosely  combined  form,  which  they  evolve  when 
exposed  in  a vacuum,  especially  if  warmed,  becoming  thus  converted  into 
haemoglobin,  which  again  absorbs  oxygen  on  exposure  to  air  • this  change 
is  attended  with  production  of  a much  brighter  red  colour,  and  with  a 
difference  in  its  action  on  transmitted  light,  for  if  white  light  be  allowed 
to  pass  through  the  solution  of  oxyhemoglobin  contained  in  a test-tube 
placed  before  the  slit  of  a spectroscope  (p.  273),  the  green  portion  of  the 
spectrum  is  seen  to  be  crossed  by  two  broad  black  bands,  which  are  also 
seen  when  arterial  blood  is  employed,  whilst  the  solution  of  hemoglobin 
exhibits  only  one  band  in  the  middle  of  the  green,  which  is  seen  when 
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venous  blood  is  employed.  This  difference  in  the  absorption  spectrum  is 
best  shown  by  reducing  the  solution  of  oxyhsemoglobin  with  a little 
ferrous  sulphate,  mixed  with  tartaric  acid  and  ammonia  in  excess.  The 
oxygen  of  oxyhsemoglobin  is  also  displaced  by  passing  hydrogen  or  carbon 
dioxide,  haemoglobin  being  left,  and  the  colour  changing  from  red  to 
purple. 

Oxyhemoglobin,  when  shaken  with  carbonic  oxide  gas,  parts  with  its 
oxygen  and  absorbs  an  equal  volume  of  carbonic  oxide,  its  colour  changing 
to  purple  ; the  absorption-spectrum  exhibits  two  dark  bands,  which  are 
situated  further  from  the  sodium-line  (D)  and  nearer  to  the  blue  of  the 
spectrum  than  is  the  case  with  haemoglobin.  This  is  turned  to  account 
in  cases  of  poisoning  by  carbonic  oxide  gas.  The  compound  of  haemo- 
globin and  carbonic  oxide  may  be  obtained  in  bluish-red,  four-sided 
prisms.  When  solution  of  oxyhsemoglobin  is  heated  above  70°  C.,  it  is 
decomposed  into  albumen,  which  coagulates,  and  another  red  colouring 
matter,  termed  hsematin. 

Hcematin,  C34H31N4FeO,.,  is  formed  when  oxyhsemoglobin  is  decom- 
posed by  acids.  If  a solution  of  that  substance,  mixed  with  a little  Nad, 
is  evaporated  over  sulphuric  acid  to  a syrup,  mixed  with  15  times  its 
volume  of  glacial  acetic  acid,  and  heated  on  a steam-bath  for  several 
hours,  it  yields,  on  cooling,  flat  rhombic  prisms  of  haematin  hydrochloride 
(formerly  known  as  hamiin,  or  blood-crystals ),  of  a dark,  violet-red  colour, 
and  metallic  lustre,  containing  single  molecules  of  ksematin  and  HC1. 
The  formation  of  these  crystals  is  employed  for  the  identification  of 
blood-stains,  the  suspected  matter  being  placed  on  a microscope  slide,  a 
little  sodium  chloride  added,  and  glacial  acetic  acid  allowed  to  run  under 
the  cover-glass ; on  heating  till  bubbles  appear,  and  cooling,  the  dark 
red  htemin  crystals  become  visible. 

Colour inq  matters  of  bile. — The  chief  of  these  is  bilirubin,  CltiHls]S„03,  which 
is  accompanied  by  bilifuscin,  C16H80N2O.,,  and  biliprasin,  C^H.^NgL.  These  may 
be  extracted  from  gaU-stones,  in  which  they  exist  in  combination  with  calcium. 
The  powdered  calculi  are  boiled  with  alcohol  and  ether  to  extract  the  cholesterm, 
and  with  dilute  HC1  to  remove-the  lime.  After  washing  and  drying,  the  residue 
is  boiled  with  chloroform,  which  extracts  bilirubin  and  bilifuscin  ; the  chloroform 
is  distilled  off  and  the  residue  boiled  with  alcohol,  which  dissolves  the  latter. 
The  original  residue,  undissolved  by  chloroform,  contains  biliprasin,  which  maybe 

extracted  bv  boiling  with  alcohol.  . ....  . 

Bilirubin' crystallises  from  chloroform  in  dark-red  prisms,  insoluble  111  water 
and  alcohol,  but  soluble  in  alkaline  liquids,  and  imparting  a yellow  colour  to  a 
very  large  volume  of  solution.  It  appears  to  have  acid  properties.  Its  alkaline 
solutions  absorb  oxygen  and  become  green,  yielding  a green  precipitate  ot  bt li- 
ver din,  C,..H„0N2O5,  on  addition  of  an  acid.  Bilifuscin  and  biliprasin  are  obtained 
as  very  dark  green  amorphous  bodies,  insoluble  in  water..  1 he  alkaline  solutions 
of  the  biliary  colouring  matters,  when  treated  with  nitric  acid,  yield  successiv  e 
tints  of  green,  blue,  violet,  red,  and  yellow,  which  serve  to  indicate  the  presence 

of  bile  in  other  secretions.  . , , . , . v.._ 

The  colouring  matters  of  urine  have  received  various  names,  but  have  not  been 

established  as  definite  chemical  compounds. 


ON  SOME  OF  THE 


USEFUL  APPLICATIONS  OF  THE  PRINCIPLES  OF 
ORGANIC  CHEMISTRY. 


DESTRUCTIVE  DISTILLATION  OF  COAL. 

570.  Much  of  the  extraordinary  progress  made  by  chemistry  during  the  last 
half-century  must  be  attributed  to  the  introduction  and  great  extension  of  the 
manufacture  of  coal-gas.  No  other  branch  of  manufacture  has  brought  into 
notice  so  many  compounds  not  previously  obtained  from  any  other  source,  and, 
above  all,  offering,  at  first  sight,  so  very  little  promise  of  utility,  as  to  press 
urgently  upon  the  chemist  the  necessity  for  submitting  them  to  investigation. 

Although  many  important  additions  to  chemical  knowledge  have  resulted  from 
the  labours  of  those  who  have  engaged  in  devising  the  best  methods  of  obtaining 
the  coal-gas  itself  in  the  state  best  fitted  for  consumption,  far  more  benefit  has 
accrued  to  the  science  from  investigations  into  the  nature  of  the  secondary  pro- 
ducts of  the  manufacture,  the  removal  of  which  was  the  object  to  be  attained  in 
the  purification  of  the  gas. 

Of  the  compounds  of  carbon  and  hydrogen,  very  little  was  known  previously  to 
the  introduction  of  coal-gas ; and  although  the  liquid  hydrocarbons  composing 
coal-naphtha  were  originally  obtained  from  other  sources,  the  investigation  of 
their  chemical  properties  has  been  greatly  promoted  by  the  facility  with  which 
they  may  be  obtained  in  large  quantities  from  that  liquid.  The  most  important 
of  these  hydrocarbons,  benzole  or  benzene , was  originally  procured  from  benzoic 
acid ; but  it  would  have  been  impossible  for  it  to  have  fulfilled  its  present  useful 
purposes  unless  it  had  been  obtained  in  abundance  as  a secondary  product  in  the 
manufacture  of  coal-gas ; for,  leaving  out  of  consideration  the  various  uses  to 
which  benzene  itself  is  devoted,  it  yields  the  nitrobenzene,  so  much  used  in  per- 
fumery, and  from  this  we  obtain  aniline,  from  which  many  of  the  most  beautiful 
dyes  are  now  prepared. 

The  naphthalene  found  so  abundantly  in  coal-tar  possesses  a peculiar  interest,  as 
having  formed  the  subject  of  the  classical  researches  by  which  Laurent  was  led  to 
propose  the  doctrine  of  substitution,  which  has  since  thrown  so  much  light  upon 
the  constitution  of  organic  substances. 

We  are  also  especially  indebted  to  coal-tar  for  our  acquaintance  with  the  very 
interesting  and  rapidly  extending  class  of  volatile  alkalies,  of  which  the  above- 
mentioned  aniline  is  the  chief  representative,  and  for  phcnic  or  carbolic  acid,  from 
which  are  derived  the  large  number  of  substances  composing  the  phenyl  series. 

The  retorts  in  which  the  distillation  of  coal  is  effected  are  made  either  of  cast- 
iron  or  of  fire-clay,  generally  having  the  form  of  a flattened  cylinder,  and 
arranged  in  sets  of  three  or  five,  heated  by  the  same  coal  fire  (fig.  287).  The 
coal  is  thrown  on  to  the  red-hot  floor  of  the  retort,  as  soon  as  the  coke  from  the 
previous  distillation  has  been  raked  out ; the  mouth  of  the  retort  is  then  closed 
with  an  iron  plate  luted  with  clay.  An  iron  pipe  rises  from  the  upper  side  of 
the  front  of  the  retort  projecting  from  the  furnace,  and  is  curved  round  at  the 
upper  extremity,  which  passes  into  the  side  of  a much  wider  tube,  called  the 
hydraulic  main,  running  above  the  furnaces,  at  right  angles  to  the  retorts,  and 
receiving  the  tubes  from  all  of  them.  This  tube  is  always  kept  half  full  of  the 
tar  and  water  condensed  from  the  gas,  and  below  the  surface  of  this  liquid  the 
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delivery  tubes  from  the  retorts  are  allowed  to  dip,  so  that,  although  the  gas  can 
bubble  freely  through  the  liquid  as  it  issues  from  the  retort,  none  can  return 
through  the  tube  whilst  the  retort  is  open  for  the  introduction  of  a fresh  charge. 

Exhausters  are  used  in  most  gas-works,  to  prevent  the  pressure  in  the  retort 
from  exceeding  that  of  the  atmosphere,  thus  diminishing  loss  by  leakage,  and 
quickly  removing  the  gas  from  the  injurious  effect  of  the  hot  retort. 


Fig.  287. — Manufacture  of  coal-gas. 

The  aqueous  portion  of  the  liquid  deposited  in  the  hydraulic  main  is  known  as 
the  amrnoniacal  liquor,  from  its  consisting  chiefly  of  a solution  of  various  salts 
of  ammonium,  the  chief  of  which  is  the  carbonate ; sulphide,  cyanide,  and 
sulphocyanide  of  ammonium  are  also  found  in  it. 

From  the  hydraulic  main  the  gas  passes  into  the  condenser,  which  is  composed 
of  a series  of  bent  iron  tubes  kept  cool  either  by  the  large  surface  which  they 
expose  to  the  air,  or  sometimes  -by  a stream  of  cold  water.  In  these  are  deposited, 
in  addition  to  water,  any  of  the  volatile  hydrocarbons  and  ammonium  salts  which 
may  have  escaped  condensation  in  the  hydraulic  main.  Even  in  the  condenser 
the  removal  of  .the  amrnoniacal  salts  is  not  complete,  so  that  it  is  usually 
necessary  to  pass  the  gas  through  a scrubber  or  case  containing  fragments  of  coke, 
over  which  a stream  of  water  is  allowed  to  trickle,  in  order  to  absorb'  the  remain- 
ing amrnoniacal  vapours. 

The  tar  which  condenses  in  the  hydraulic  main  is  a very  complex  mixture,  of 
which  the  following  are  some  of  the  leading  components 


Boiling  Point. 

Formula. 

Sp.  Gr. 

Neutral  Hydrocarbons. 
Liquid. 

176°  F. 

cyr. 

0.88 

Benzene  .... 

Toluene  .... 

230° 

c7hs 

0.87 

Xylene  .... 

284° 

c„h10 

0.87 

Isocumene*  . 

Ui 

00 

00 

0 

c„h12 

0.S5 

Solid. 

Naphthalene  . 

428° 

c,„h8 

Anthracene 

68o° 

14^10 

Chrvsene 

... 

c1sh12 

Pyrene  .... 

... 

C,„H,o 

* Benzene , originally  derived  from  benzoic  acid;  toluene,  from  balsam  of  tolu;  xylene, 
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Boiling  Point. 

Formula. 

Sp.  Gr. 

Alkaline  Products. 
Ammonia 

NH, 

Aniline  .... 

360° 

CuH7N 

1.02 

Picoline  .... 

2710 

c0h7n 

0.96 

Quinoline 

462° 

c9h7n 

1.08 

Pyridine .... 

240° 

CsH5N 

! 

Acids. 

Carbolic  acid  . 

37°° 

c6h„o 

1.07 

Kresylic  „ . 

397° 

C7HsO 

Rosolic  „ . 

c1uh1(o3 

Brunolic  „ . 
Acetic  „ . 

243° 

C',ha 

1.06 

The  gas  is  now  passed  through  the  lime-purifier,  which  is  an  iron  box  with 
shelves  on  which  dry  slaked  lime  is  placed  in  order  to  absorb  the  carbonic  acid 
gas  and  sulphuretted  hydrogen,  and  the  last  portions  of  ammonia  are  removed  by 
passing  the  gas  through  dilute  sulphuric  acid. 

A great  many  other  methods  have  been  devised  for  the  purification  of  the  gas 
from  sulphuretted  hydrogen,  but  none  appears  to  be  so  efficacious  and  economical 
as  that  which  consists  in  passing  the  gas  over  a mixture  of  ferrous  sulphate 
(green  vitriol  or  copperas),  slaked  lime,  and  sawdust  (which  is  employed  to  prevent 
the  other  materials  from  caking  together).  The  lime  decomposes  the  ferrous 
sulphate,  forming  calcium  sulphate  and  ferrous  hydrate— 

FeS04  + Ca(HO),  = Fe(HO)2  + CaS04. 

The  action  of  air  upon  the  mixture  soon  converts  the  ferrous  into  ferric  hydrate, 
which  absorbs  the  sulphuretted  hydrogen  and  the  hydrocyanic  acid,  producing 
with  the  former  ferrous  sulphide,  and  with  the  latter  Prussian  blue  or  some 
similar  compound.  The  calcium  sulphate  existing  in  this  purifying  mixture  is 
useful  in  absorbing  any  vapour  of  ammonium  carbonate  from  the  gas,  forming 
ammonium  sulphate  and  calcium  carbonate.* 

The  action  of  the  sulphuretted  hydrogen  on  the  ferric  oxide  is  represented  by 
two  equations ( 1 ) Fe203  + H2S  = 2FeO  + H20  + S ; (2)  Fe203  + 3H2S  = 2FeS  + 3IUO  + S ; 
and  the  circumstance  which  especially  conduces  to  the  economy  of  the  process 
is  the  facility  with  which  the  ferrous  sulphide  and  oxide  may  be  reconverted  into 
the  ferric  oxide  by  mere  exposure  to  the  action  of  atmospheric  oxygen ; for 
2FeS  + 03  = Fe203  + S2,  thus  reviving  the  power  of  the  mixture  to  absorb  sul- 
phuretted hydrogen.'  Accordingly,  if  a small  quantity  of  air  be  admitted  into  the 
purifier  together  with  the  gas,  it  reconverts  the  ferrous  sulphide  and  oxide  into 
ferric  oxide,  and  the  oxidation  is  attended  with  enough  heat  to  convert  into  vapour 
any  benzene  which  may  have  condensed  in  the  purifying  mixture,  and  of  which 
the  illuminating  value  would  otherwise  be  lost.  The  same  purifying  mixture  may 
thus  be  employed  to  purify  a very  large  quantity  of  gas,  until  the  separated  sul- 
phur has  increased  its  bulk  to  an  inconvenient  extent,  when  it  is  distilled  off  in 
iron  retorts.  The  various  processes  which  have  been  devised  for  the  removal  of 
the  carbon  disulphide  vapour  are  mentioned  at  page  216. 

The  purified  gas  is  passed  into  the  gasometers,  from  which  it  is  supplied  for 
consumption. 

In  the  manufacture  of  coal  gas,  attention  is  requisite  to  the  temperature  at 
which  the  distillation  is  effected,  for,  if  it  be  too  low,  the  solid  and  liquid  hydro- 
carbons will  be  formed  in  too  great  abundance,  not  only  diminishing  the  volume 
of  the  gas,  but  causing  much  inconvenience  by  obstructing  the  pipes.  On  the 
other  hand,  if  the  retort  be  too  strongly  heated,  the  vapours  of  volatile  hydro- 
carbons, as  well  as  the  olefiant  gas  and  marsh  gas,  may  undergo  decomposition, 
depositing  their  carbon  upon  the  sides  of  the  retort,  in  the  form  of  gas-carbon, 
and  leaving  their  hydrogen  to  increase  the  volume  and  dilute  the  illuminating 
power  of  the  gas. 

found  among  the  products  from  wood  (fvAor)  ; isocumcne,  isomeric  with  cumene,  obtained 
from  oil  of  cummin. 

* Ferric  hydrate,  derived  from  various  natural  and  artificial  sources,  is  also  employed 
for  the  purification  of  coal  gas.  Brown  limmatite  (bog  ore)  is  frequently  employed. 
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These  effects  are  well  exemplified  in  the  following  analysis  of  the  gas  collected 
from  Wigan  cannel  coal  at  different  periods  of  the  distillation : — 


In  100  Volumes. 

1st  Hour. 

5th  Hour. 

10th  Hour. 

Olefiant  gas  and  volatile  hydrocarbons  . 

13.0 

7.0 

Marsh  gas 

82.5 

56.0 

20.0 

Carbonic  oxide 

3-2 

II.O 

10.0 

Hydrogen 

21.3 

60.0 

Nitrogen 

i-3 

47 

10.0 

The  increase  of  the  carbonic  oxide  after  the  first  hour  must  be  attributed  to  the 
decomposition  of  the  aqueous  vapour  by  the  carbon  as  the  temperature  rises,  and 
the  increase  of  the  nitrogen  may  probably  be  ascribed  to  the  decomposition  of 
the  ammonia  into  its  elements  at  a high  temperature. 

Much  advantage  is  said  to  be  gained  by  mixing  the  coal  with  a certain  propor- 
tion of  lime,  which  diminishes  the  sulphur  in  the  gas  and  increases  the  yield  of 
ammonia. 

One  of  the  most  useful  of  the  secondary  products  of  the  coal-gas  manufacture 
is  the  ammonia,  and  this  process  has  been  already  noticed  as  a principal  source 
of  the  ammoniacal  salts  found  in  commerce. 

Next  in  the  order  of  usefulness  stands  the  coal-tar,  which  deserves  attentive 
consideration,  not  only  on  that  account,  but  because  the  extraction  of  the  various 
useful  substances  from  this  complex  mixture  affords  an  excellent  example  of 
proximate  organic  analysis,  that  is,  of  the  separation  of  an  organic  mixture  into 
its  immediate  components. 

For  the  separation  of  the  numerous  volatile  substances  contained  in  coal-tar, 
advantage  is  taken  of  the  difference  in  their  boiling  points,  which  will  be  observed 
on  examining  the  table  at  page  688. 

A large  quantity  of  the  tar  is  distilled  in  an  iron  retort,  when  water  passes  over, 
holding  salts  of  ammonia  in  solution,  and  accompanied  by  a brown  oily  offensive 
liquid  which  collects  upon  the  surface  of  the  water.  This  is  a mixture  of  the 
hydrocarbons  which  are  lighter  than  water,  viz.,  benzene,  toluene,  xylene,  and 
isocumene,  all  having,  as  represented  in  the  table  at  page  688,  a specific  gravity 
of  about  0.85.  100  parts  of  the  tar  yield,  at  most,  10  parts  of  this  light  oil. 

As  the  distillation  proceeds,  and  the  temperature  rises,  a yellow  oil  distils  over, 
which  is  heavier  than  water,  and  sinks  in  the  receiver.  This  oil,  commonly  called 
cleacl  oil,  is  much  more  abundant  than  the  light  oil,  amounting  to  about  one-fourth 
of  the  weight  of  the  tar,  and  contains  those  constituents  of  the  tar  which  have  a 
high  specific  gravity  and  boiling  point,  particularly  naphthalene,  aniline,  quino- 
line, and  carbolic  acid.  The  proportion  of  naphthalene  in  this  oil  increases  with 
the  progress  of  the  distillation,  as  would  be  expected  from  its  high  boiling  point, 
so  that 'the  last  portions  of  the  oil  which  distil  over  become  nearly  solid  on  cool- 
ing. When  this  is  the  case,  the  distillation  is  generally  stopped,  and  a black 
viscous  residue  is  found  in  the  retort,  which  constitutes  pitch,  and  is  employed 
for  the  preparation  of  Brunswick  black  and  of  asphalt  for  paving. 

The  light  oil  which  first  passed  over  is  rectified  by  a second  distillation,  and  is 
then  sent  into  commerce  under  the  name  of  coal-naphtlia,  a quantity  of  the  heavy 
oil  being  left  in  the  retort,  the  lighter  oils  having  lower  boiling  points. 

This  coal-naphtha  may  be  further  purified  by  shaking  it  with  sulphuric  acid, 
which  removes  several  of  the  impurities,  whilst  the  pure  naphtha  collects  on  the 
surface  when  the  mixture  is  allowed  to  stand.  When  this  is  again  distilled  it 
vields  the  rectified  coal-naphtha. 

~ This  light  oil,  especially  when  distilled  from  cannel  coal  at  a low  temperature, 
contains,  in  addition  to  the  hydrocarbons  above  enumerated,  some  belonging  to 
the  marsh  gas  scries  (C„H2„+2),  and  others  more  recently  brought  to  light, ^long- 
ing- to  a series  the  general  formula  of  which  is  C„H2„_2 ; but  these  last  appear  to 
begacted  on  by  the  sulphuric  acid,  employed  to  remove  the  basic  substances  from 
the  light  oil,  in  such  a manner  that  they  are  converted  into  polymeric  hydrocar- 
bons, having  the  general  formula  CaaHw- 4,  of  which  the  three  following  <n 

been  particularly  examined  : — 

Formula.  Boiling  Point. 

410°  F. 

464° 


C,,H„0 

c„h;4 


536° 
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The  hydrocarbons  C,.H10,  C,Hr„  and  CSHU,  from  which  these  appear  to  have 
been  formed  by  the  action  of  sulphuric  acid,  would  evidently  be  the  higher  horno- 
logues  of  acetylene,  C2H„. 

The  distillation  of  cannel  coal,  and  of  various  minerals  nearly  allied  to  coal,  at 
low  temperatures,  is  now  extensively  carried  on  for  the  manufacture  of  paraffin 
and  paraffin  oil  (see  Paraffin). 

Coal-tar  dyes.— The  first  dye  ever  manufactured  from  aniline  on  a large  scale 
was  that  known  as  mauve,*  or  aniline  purple,  which  is  obtained  by  dissolving  ani- 
line in  diluted  sulphuric  acid,  and  adding  solution  of  bichromate  of  potash,  when 
the  liquid  gradually  becomes  dark-coloured,  and  deposits  a black  precipitate,  which 
is  filtered  off,  washed,  boiled  with  coal-naphtha  to  extract  a brown  substance,  and 
afterwards  treated  with  hot  alcohol,  which  dissolves  the  mauve.  The  chemical 
change  by  which  the  aniline  has  been  converted  into  this  colouring-matter  cannot 
at  present  be  clearly  traced,  but  the  basis  of  the  colour  has  been  found  to  be  a 
substance  which  has  the  composition  C27H24N4,  and  has  been  termed  mauveine.  It 
forms  black  shining  crystals,  resembling  specular  iron  ore,  which  dissolve  in 
alcohol,  forming  a violet  solution,  and  in  acids,  with  production  of  the  purple 
colour.  Mauveine  combines  with  the  acids  to  form  salts ; its  alcoholic  solution 
even  absorbs  carbonic  acid  gas.  The  hydrochlorate  of  mauvSine,  C27H24N4.2HC1, 
forms  prismatic  needles  with  a green  metallic  lustre. 

Very  brilliant  red  dyes  are  obtained  from  commercial  aniline  by  the  action  of 
carbon  tetrachloride,  stannic  chloride,  ferric  chloride,  cupric  chloride,  mercuric 
nitrate,  corrosive  sublimate,  and  arsenic  acid.  It  will  be  noticed  that  all  these 
agents  are  capable  of  undergoing  reduction  to  a lower  state  of  oxidation  or  chlori- 
nation, indicating  that  the  chemical  change  concerned  in  the  transformation  of  ani- 
line into  aniline-red  is  one  in  which  the  aniline  is  acted  on  by  oxygen  or  chlorine. 

The  easiest  method  of  illustrating  the  production  of  aniline-red,  on  the  small 
scale,  consists  in  heating  a few  drops  of  aniline  in  a test-tube  with  a fragment  of 
corrosive  sublimate  (mercuric  chloride),  which  soon  fuses  and  acts  upon  the  aniline 
to  form  an  intensely  red  mass  composed  of  aniline-red,  calomel,  and  various  second- 
ary products.  By  heating  this  mixture  with  alcohol,  the  red  dye  is  dissolved,  and 
a skein  of  silk  or  wool  dipped  into  the  liquid  becomes  dyed  of  a fine  red,  which  is 
not  removed  by  washing. 

On  the  large  scale,  magenta  (as  aniline-red  is  commonly  termed)  is  generally  pre- 
pared by  heating  aniline  to  about  320°  F.  with  arsenic  acid,  when  a dark  semi-solid 
mass  is  obtained,  which  becomes  hard  and  brittle  on  cooling,  and  exhibits  a green 
metallic  reflection.  This  mass  contains,  in  addition  to  aniline-red,  several  secondary 
products  of  the  action,  and  arsenious  acid.  On  boiling  it  with  water,  a splendid 
red  solution  is  obtained,  and  a dark  resinous  or  pitchy  mass  is  left.  If  common 
salt  be  added  to  the  red  solution  as  long  as  it  is  dissolved,  the  bulk  of  the  colouring- 
matter  is  precipitated  as  a resinous  mass,  which  may  be  purified  from  certain  ad- 
hering matters  by  drying  and  boiling  with  coal-naphtha.  The  red  colouring  matter 
is  the  arsenate  of  a colourless  organic  base,  which  has  been  called  rosaniline,  and 
has  the  composition  C^H^Nj.ILjO.  If  the  red  solution  of  arsenate  of  rosaniline 
be  decomposed  with  calcium  hydrate  suspended  in  water,  a pinkish  precipitate  is 
obtained,  which  consists  of  rosaniline  mixed  with  calcium  arsenate,  and  the  solu- 
tion entirely  loses  its  red  colour. 

By  treating  the  precipitate  with  a small  quantity  of  acetic  acid,  the  rosaniline 
is  converted  into  rosaniline  acetate  (C20Hl9N3,C2H4O2),  forming  a red  solution,  which 
may  be  filtered  off  from  the  undissolved  calcium  arsenate.  On  evaporating  the 
solution  to  a small  bulk,  and  allowing  it  to  stand,  the  acetate  is  obtained  in 
crystals  which  exhibit  the  peculiar  green  metallic  lustre  of  the  wing  of  the  rose- 
beetle,  characteristic  of  the  salts  of  rosaniline.  This  salt  is  the  commonest  com- 
mercial form  of  magenta ; its  colouring  power  is  extraordinary,  a very  minute 
particle  imparting  a red  tint  to  a large  volume  of  water.  Silk  and  wool  easily 
extract  the  whole  of  the  colouring  matter  from  the  aqueous  solution,  becoming 
dyed  a fast  and  brilliant  crimson ; cotton  and  linen,  however,  have  not  so  strong 
an  attraction  for  it,  so  that  if  a pattern  be  worked  in  silk  upon  a piece  of  cambric, 
which  is  then  immersed  in  a solution  of  magenta  and  afterwards  washed  in  hot 
water,  the  colour  will  be  washed  out  of  the  cambric  ; but  the  red  silk  pattern  will 
be  left. 

If  a boiling  solution  of  rosaniline  acetate  be  mixed  with  excess  of  ammonia, 
the  bulk  of  the  rosaniline  will  be  precipitated,  but  if  the  solution  be  filtered  while 
* French  for  marshmallow,  in  allusion  to  tho  colour  of  the  flower. 
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hot,  it  deposits  colourless  needles  of  rosaniline,  which  become  red  when  exposed 
to  the  air,  from  absorption  of  carbonic  acid,  and  formation  of  the  red  rosaniline 
carbonate. 

Water  dissolves  but  little  rosaniline  ; alcohol  dissolves  it  abundantly,  forming  a 
deep  red  solution.  Rosaniline  forms  two  classes  of  salts  with  acids,  those  with 
1 molecule  of  acid  ( monacid  salts)  being  crimson,  and  those  with  three  molecules 
(triacid  salts)  having  a brown  colour.  Thus,  if  colourless  rosaniline  be  dissolved 
in  a little  dilute  hydrochloric  acid,  a red  solution  is  obtained,  which  contains  the 
monacid  rosaniline  hydrochlorate,  C20H1!)N3.HC1;  but  if  an  excess  of  hydrochloric 
acid  be  added,  the  red  colour  disappears,  and  a brown  solution  is  obtained,  trom 
which  the  triacid  liydrochlorate,  CaoH19N,.3HCl,  may  be  crystallised  in  brown  red 
needles 

For  experimental  illustration  of  the  properties  of  rosaniline,  the  liquid  obtained 
by  boiling  a solution  of  the  acetate  with  a slight  excess  of  lime  diffused  m water, 
and  filtering  while  hot,  is  very  well  adapted.  The  solution  has  a yellow  colour 
and  may  be  preserved  in  a stoppered  bottle  without  alteration,  If  air  be  breathed 
into  it  through  a tube,  the  liquid  becomes  red  from  production  of  rosaniline  car- 
bonate. Characters  painted  on  paper  with  a brush  dipped  in  the  solution  are  in- 
visible at  first,  but  gradually  acquire  a beautiful  rose  colour. 

When  the  red  solution  of  rosaniline  hydrochlorate  is  slightly  acidified  i\itli 
hydrochloric  acid  and  placed  in  contact  with  zinc,  the  solution  becomes  colourless, 
the  rosaniline  acquiring  2 atoms  of  hydrogen,  and  becoming  i leumni 
Aeu/cos  white),  CLEL.N,,  the  hydrochlorate  of  which  (C20H?1N3.3HC1)  forms  a 
colourless  solution.  Oxidising  agents  reconvert  the  leucanilme  1“t0,r°sa^™e: 
It  has  been  observed  that  pure  aniline  does  not  yield  aniline  red  when  heated 
with  corrosive  sublimate  or  arsenic  acid,  it  being  necessary  that  itshouldcontain 
another  organic  base,  toluidine  (C7H9N),  which  is  derived  from  toluene  (C  HJ  m 
the  same  way  in  which  aniline  is  derived  from  benzene.  Since  the  benzene 
obtained  from  coal-naphtha  almost  invariably  contains  toluene,  the  arnline 
obtained  from  it  is  very  seldom  free  from  toluidine.  If  the  aniline  be  prepared 
with* benzene1 derived  from  benzoic  acid,  and  therefore  free  from  toluene,  no  red 
Z Obtained  A mixture  of  7°  parts  of  toluidine  with  30  of  aniline  is  said  to 
answer  best  for  the  preparation  of  the  red  and  violet  colouring  matters.  Such  a 
mixture  would  contain  2 molecules  of  toluidine  (C7Ii9N)  and  1 of  aniline  (C6H7N), 
“X  only  requiring  the  removal  of  HB  by  an  oxidising  agent  to  yield 

products  obtained  in  the  preparation  of  aniline-red.  It  forms  a bright  yeuow 
Dowder  resembling  chrome-yellow,  and  having  the  composition  C„0H,7N3. 
is  nearly  insoluble  m water,  but  dissolves  in  alcohol.  Chrysamlme  has  basic 
nronerties  and  dissolves  in  acids,  forming  salts.  On  dissolving  it  in  dilute 
hydrochloric  acid,  and  mixing  the  solution  with  the ' 

crystalline  precipitate  of  chrysamlme  liydrochlorate  (C.0H17N3.2HU)  is  oDtaine  , 
wbfcHs  insoluble  in  strong  hydrochloric  acid,  but  very  soluble  in  water.  A 
c^T^r^fferis^ic  feature  of  chrysaniline  is  the  sparing  solubility  of  its  nitrate. 
Even from a dilute  solution  of  the  liydrochlorate,  nitric  acid  precipitates  chrys- 

(tie  commercial  acetate  for 

exf"ia “oifed  with  an  excess  of  aniline  wMoh 

<CtSbeen  foSfb^StodnitS  Ato’rnl  of  the  hydrocarbon  radical 
in“rce  ol  3 atoms  of  hydrogen,  the  latter  having  been  evolved  in 

the  form  of  ammonia — „„ 

W£1oL3[(0SN1  i,ph^rS;cSd™M.raU3  ' 

The  hydrochlorate  is  an  ord ta^lcSoL 

solution  of  ammonia,  the  addition  of  ”ter  causes 
a white  precipitate  of  the  hydrated  base,  triphenyllc  rosaniline,  CalHli(C#H,)st'rH,0, 
which  becomes  bluish  when  washe  an  te  • . h nascent  hydrogen,  so 

Just  as  rosaniline  this  is  not 


triphenylic^s^hine^elds  triphen^ic  leummUine,^^Htg|C^HJ^,^^^^^ 

S^oSin^rS^is  corresponding  to  triphenylic  rosanh 
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line,  but  containing  methyle,  ethyle,  or  amyle  in  place  of  phenyle,  are  obtained 
by  digesting  rosaniline  with  the  iodides  of  these  radicals,  at  a high  temperature, 
in  sealed  tubes.  Thus,  by  the  action  of  ethyle  iodide  (C,HSI)  upon  rosaniline,  a 
blue  crystalline  body,  insoluble  in  water,  but  soluble  in  alcohol, ,is  obtained,  which 
is  a compound  of  ethyle  iodide  with  trietkylic  rosaniline ; C20H16(Oorl3)3N3. 
pB,HwNs  + 4C2H5I  = a0Hlc(aH5)3NrC,H,I  + 3H1. 

Rosaniline.  Tri_ethy  1-rosaniline  eth^  1-iodate. 

Aniline-violet  is  formed  in  a similar  manner  with  methyle  iodide.  Other  com- 
pounds have  been  obtained  from  aniline,  presenting  almost  every  variety  or 
colour.  A green  dye  is  prepared  by  the  action  of  a mixture  of  hydrochloric  acid 
and  potassium  chlorate  upon  aniline,  and  under  particular  conditions  a blacL  may 
be  obtained  with  the  same  agents.  Another  green  has  been  made  by  acting  upon 
magenta  with  aldehyd.  _ . 

When  a solution  of  rosaniline  acetate  is  treated  with  potassium  cyanide,  it 
gradually  loses  its  red  colour,  and  deposits  a white  crystalline  precipitate  of  a 
base  which  has  been  termed  hydrocyan-rosaniline,  having  the  formula  C„jH20N4, 
and  containing  the  elements  of  rosaniline  and  hydrocyanic  acid ; but  this  acid 
cannot  be  detected  in  it  by  the  ordinary  tests,  leading  to  the  belief  that  the  new 
base  should  be  regarded  as  leucaniline  (C^H^Nj),  in  which  one  atom  of  hydrogen 
is  replaced  by  cyanogen  (C20H._,0(CN)N3).  The  hydrocyan-rosaniline  is  almost  in- 
soluble in  water,  and  sparingly  soluble  in  boiling  alcohol.  When  precipitated 
from  its  salts  by  adding  an  alkali,  it  becomes  pink  on  exposure  to  sunshine. 

DYEING  AND  CALICO-PRINTING. 

571.  The  object  of  the  dyer  being  to  fix  certain  colouring  matters  permanently 
in  the  fabric,  his  processes  would  be  expected  to  vary  with  the  nature  of  the  latter 
and  of  the  colour  to  be  applied  to  it.  In  order  that  uniformity  of  colour  and  its 
perfect  penetration  into  the  fibre  may  be  obtained,  it  is  evident  that  the  colouring 
matter  must  always  be  employed  in  a state  of  solution ; and  it  must  be  rendered 
fast,  or  not  removable  by  washing,  by  assuming  an  insoluble  condition  in  the 

fibre.  . . 

The  simplest  form  of  dyeing  is  that  in  which  the  fibre  itself  forms  an  insoluble 
compound  with  the  colouring  matter.  Thus,  if  a skein  of  silk  be  immersed  in  a 
solution  of  indigo  in  sulphuric  acid,  it  removes  the  whole  of  the  colouring  matter 
from  the  liquid,  and  may  then  be  washed  with  water  without  losing  colour  ; but 
if  the  same  experiment  be  tried  with  cotton,  the  indigo  will  not  be  withdrawn 
from  the  solution,  and  when  the  cotton  has  been  well  squeezed  and  rinsed  with 
water,  it  will  become  white  again.  It  may  be  stated  generally,  that  the  animal 
fabrics  (silk  and  wool)  will  absorb  and  retain  colouring  matters  with  much 
greater  facility  than  vegetable  fabrics  (cotton  and  linen).  In  the  absence  of  so 
powerful  an  attraction  between  the  fibre  and  the  colouring  matter,  it  is  usual  to 
impregnate  the  fabric  with  a mordant  or  substance  having  an  attraction  for  the 
colour,  and  capable  of  forming  an  insoluble  combination  with  it,  so  as  to  retain  it 
permanently  attached  to  the  fabric.  Thus,  if  a piece  of  cotton  be  boiled  in  a 
solution  of  acetate  of  alumina,  the  alumina  will  be  precipitated  in  the  fibre  ; and 
if  the  cotton  be  then  soaked  in  solution  of  cochineal  or  of  logwood,  the  red 
colouring  matter  will  form  an  insoluble  compound  (or  la  Ice)  with  the  alumina,  and 
the  cotton  will  be  dyed  of  a fast  red  colour. 

Another  method  of  fixing  the  colour  in  the  fabric  consists  in  impregnating  the 
latter  with  two  or  more  liquids  in  succession,  by  the  admixture  of  which  the 
colour  may  be  produced  in  an  insoluble  state.  If  a piece  of  any  stuff  be  soaked 
in  solution  of  ferric  chloride,  and  afterwards  in  potassium  ferrocyanide,  the 
Prussian  blue  which  is  precipitated  in  the  fibre  will  impart  a fast  blue  tint. 

An  indispensable  preliminary  step  to  the  dyeing  of  any  fabric  is  the  removal  of 
all  natural  grease  or  colouring  matter,  which  is  effected  by  processes  varying  with 
the  nature  of  the  fibre,  and  is  preceded,  in  the  cases  of  cotton  and  woollen 
materials  which  are  to  receive  a pattern,  by  certain  operations  of  shaving  and 
singeing  for  removing  the  short  hairs  from  the  surface. 

From  linen  and  cotton,  the  extraneous  matters  (such  as  grease  and  resin)  are 
generally  removed  by  weak  solutions  of  carbonate  of  potassium  or  of  sodium,  and 
the  fabrics  are  afterwards  bleached  by  treatment  with  chloride  of  lime  (page  161). 
But  since  the  fibres  of  silk  and  wool  are  much  more  easily  injured  by  alkalies  and 
by  chlorine,  greater  care  is  requisite  in  cleansing  them.  Silk  is  boiled  with  a 
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solution  of  white  soap  to  remove  the  gum,  as  it  is  technically  termed ; but  the 
natural  grease  is  extracted  from  wool  by  soaking  at  a moderate  temperature  in  a 
weak  bath  either  of  soap  or  of  ammoniacal  (putrefied)  urine.  Both  silk  and  wool 
are  bleached  by  sulphurous  acid  (page  198). 

Among  the  red  dyes  the  most  important  are  madder,  alizarine,  Brazil  wood, 
cochineal,  lac,  and  the  aniline  reds. 

In  dyeing  red  with  madder  or  Brazil  wood,  the  linen,  cotton,  or  wool  is  first 
mordanted  by  boiling  in  a solution  containing  alum  and  bitartrate  of  potash, 
when  it  combines  with  a part  of  the  alumina,  and  on  plunging  the  stuff  into  a hot 
infusion  of  madder,  the  colouring  matter  forms  an  insoluble  combination  with 
that  earth. 

To  dye  Turkey-red,  the  stuff  is  also  mordanted  with  alum,  but  has  previously 
to  undergo  several  processes  of  treatment  with  oil  and  with  galls,  the  necessity  of 
which  is  satisfactorily  established  in  practice,  though  it  is  not  easy  to  explain 
their  action.  The  colour  is  finally  brightened  by  boiling  the  stuff  with  chloride 
of  tin. 

Woollen  cloth  is  dyed  scarlet  with  lac  or  cochineal,  having  been  first  mordanted 
by  boiling  in  a mixture  of  perchloride  of  tin  and  bitartrate  of  potash. 

The  aniline  colours  (see  page  691)  are  employed  for  dyeing  silk  and  wool,  either 
without  any  mordant  or  with  the  help  of  albumen. 

Blues  are  generally  dyed  with  indigo  (page  667),  or  with  Prussian  blue;  in  the 
latter  case  the  stuff  is  steeped  successively  in  solutions  of  a salt  of  peroxide  of 
iron  and  of  potassium  ferrocyanide.  Aniline  blue  is  also  much  employed  for  silk 
and  woollen  fabrics. 

The  principal  yellow  clyes  are  weld,  quercitron,  fustic,  annatto,  chrysaniline,  and 
lead  chromate.  "For  the  first  four  colouring  matters  aluminous  mordants  are 
generally  applied.  Lead  chromate  is  produced  in  the  fibre  of  the  stuff,  which  is 
soaked  for  that  purpose,  first  in  a solution  of  acetate  or  nitrate  of  lead,  and  then 
in  potassium  chromate.  Carbazotic  or  picric  acid  (page  540)  is  also  sometimes 
employed  as  a yellow  dye. 

In  dyeing  blades  and  browns,  the  stuffs  are  steeped  first  in  a bath  containing 
some  form  of  tannin  (page  525),  such  as  infusion  of  galls,  sumach,  or  catechu,  and 
afterwards  in  a solution  of  a salt  of  iron,  different  shades  being  produced  by  the 
addition  of  indigo,  of  copper  sulphate,  &c. 

The  art  of  calico-printing  differs  from  that  of  dyeing,  in  that  the  colour  is  re- 
quired to  be  applied  only  to  certain  parts  of  the  fabric  so  as  to  produce  a pattern 
or  design  either  of  one  or  of  several  colours. 

A common  method  of  printing  a coloured  pattern  upon  a white  ground  consists 
in  impressing  the  pattern  by  passing  the  stuff  under  a roller,  to  which  an  appro- 
priate mordant  thickened  with  British  gum  (page  652)  is  applied.  The  stuff  is 
then  dunged,  i.e.,  drawn  through  a mixture  of  cow-dung  and  water,  which  appears 
to  act  by  removing  the  excess  of  the  mordant,  and  afterwards  immersed  in  the 
hot  dye-bath,  when  the  colour  becomes  permanently  fixed  to  the  mordanted  device, 
but  may  be  removed  from  the  rest  of  the  stuff  by  washing. 

If  the  pattern  be  printed  with  a solution  of  acetate  of  iron,  and  the  stuff  im- 
mersed in  a madder-bath,  a lilac  or  black  pattern  will  be  obtained  according  to 
the  strength  of  the  mordant  employed.  By  using  acetate  of  alumina  as  a mordant, 
the  madder -bath  would  give  a red  pattern. 

A process  which  is  the  reverse  of  this  is  sometimes  employed,  the  pattern  being 
impressed  with  a resist,  that  is,  a substance  which  will  prevent  the  stuff  fiom 
taking  the  colour  in  those  parts  which  have  been  impregnated  with  it.  For 
example,  if  a pattern  be  printed  with  thickened  tartaric  or  citric  acid,  and  the 
stuff  be  then  passed  through  an  aluminous  mordant,  the  pattern  will  refuse  to 
take  up  the  alumina,  and  subsequently  the  colour  from  the  dye-bath.  Or  a pat- 
tern may  be  printed  with  nitrate  of  copper,  and  the  stuff  passed  through  a bath 
of  reduced  indigo  (page  668),  when  the  nitrate  of  copper  will  oxidise  the  indigo, 
and,  by  converting  it  into  the  blue  insoluble  form,  will  prevent  it  from  sinking 
into  the  fibre  of  those  parts  to  which  the  nitrate  has  been  applied,  whilst  else- 
where the  fibre,  having  become  impregnated  with  the  white  indigo,  acquires  a 
fast  blue  tint  when  exposed  to  the  air.  . 

Sometimes  the  stuff  is  uniformly  dyed,  and  the  colour  discharged  m order  to 
form  the  pattern.  A white  pattern  is  produced  upon  a red  (madder)  or  blue 
(indigo)  ground  by  printing  with  a thickened  acid  discharge,  and  passing  1 he  stun 
through  a weak  bath  of  chloride  of  lime,  which  removes  the  colour  from  those 
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parts  only  which  were  impregnated  with  the  acid  (page  161).  By  adding  lead 
nitrate  to  the  acid  discharge,  and  finally  passing  the  stuff  through  solution  of 
potassium  chromate,  a yellow  pattern  (lead  chromate)  may  be  obtained  upon  the 
madder  red  ground.  By  applying  nitric  acid  as  a discharge,  a yellow  pattern 
may  be  obtained  upon  an  indigo  ground  (page  135)-  _ . ...  „ 

Very  brilliant  designs  are  produced  by  mordanting  the  stuft  in  a solution  ot 
stannate  of  potassium  or  sodium  (page  364),  and  immersing  it  m dilute  sulphuric 
acid,  which  precipitates  the  stannic  acid  in  the  fibre.  ...  , 7 

When  the  thickened  colouring  matters  are  printed  on  111  patterns  and  steamed, 
an  insoluble  compound  is  formed  between  the  colour  and  the  stannic  acid. 

It  is  evident  that  by  combining  the  principles  of  which  an  outline  has  just  been 
given,  the  most  varied  parti-coloured  patterns  may  be  printed. 


TANNING. 

572.  When  infusion  of  nut-galls  is  added  to  a solution  of  gelatin,  the  latter 
combines  with  the  tannic  acid,  and  a bulky  precipitate  is  obtained.  If  a piece  of 
skin,  which  has  the  same  composition  as  gelatin,  be  placed  in  the  infusion  of  nut- 
o-alls,  it  will  absorb  the  whole  of  the  tannic  a.cid,  and  become  converted  into 
leather,  which  is  much  tougher  than  the  raw  skin,  less  permeable  by  water,  and 
not  liable  to  putrefaction. 

The  first  operation  in  the  conversion  of  hides  into  leather,  after  they  have  been 
cleansed,  consists  in  soaking  them  for  three  or  four  weeks  in  pits  containing  lime 
and  water,  which  saponifies  the  fat  and  loosens  the  hair.  I he  same  object  is 
sometimes  attained  by  allowing  the  hides  to  enter  into  putrefaction,  when  the 
resulting  ammonia  has  the  same  effect  as  the  lime.  The  loosened  hail  having 
been  scraped  off,  the  hides  are  soaked  for  twelve  hours  in  water  containing 
TTy!inrth  of  sulphuric  acid,  which  removes  adhering  lime,  and  opens  the  pores  of 
the  skin,  so  as  to  fit  it  to  receive  the  tanning  liquid. 

The  tanning  material  generally  employed  for  hides  is  the  infusion  of  oak  baik, 
which  contains  querci-tannic  acid,  very  similar  in  properties  to  tannic  acid.  The 
hides  are  soaked  in  an  infusion  of  oak  bark  for  about  six  weeks,  being  passed  in 
succession  through  several  pits,  in  which  the  strength  of  the  infusion  is  gradually 
increased.  They  are  then  packed  in  another  pit  with  alternate  layers  of  coarsely 
ground  oak  bark ; the  pit  is  filled  with  water  and  left  at  rest  for  three  months, 
when  the  hides  are  transferred  to  another  pit  and  treated  in  the  same  way ; but, 
of  course,  the  position  of  the  hides  will  be  now  reversed— that  which  was  upper- 
most, and  in  contact  with  the  weakest  part  of  the  tanning  liquor,  will  now  be  at 
the  bottom.  After  the  lapse  of  another  three  months  the  hide  is  generally  found 
to  be  tanned  throughout,  a section  appearing  of  a uniform  brown  colour.  It  has 
now  increased  in  weight  from  30  to  40  per  cent.  The  chemical  part  of  the  process 
being  now  completed,  the  leather  is  subjected  to  certain  mechanical  operations  to 
give  it  the  desired  texture.  For  tanning  the  thinner  kinds  of  leather,  such  as 
morocco,  a substance  called  sumach  is  used,  which  consists  of  the  ground  shoots 
of  the  Elius  coriaria,  and  contains  a large  proportion  of  tannic  acid. 

Morocco  leather  is  made  from  goat  and  sheep  skins,  which  are  denuded  of  hair 
by  liming  in  the  usual  way,  but  the  adhering  lime  is  afterwards  removed  by 
means  of  a bath  of  sour  bran  or  flour.  In  order  to  tan  the  skin  so  prepared,  it  is 
sewn  up  in  the  form  of  a bag,  which  is  filled  with  infusion  of  sumach,  and  allowed 
to  soak  in  a vat  of  the  infusion  for  some  hours.  A repetition  of  the  process,  with 
a stronger  infusion,  is  necessary  ; but  the  whole  operation  is  completed  in  twenty- 
four  hours.  The  skins  are  now  washed  and  dyed,  except  in  the  case  of  red 
morocco,  which  is  dyed  before  tanning,  by  steeping  it  first  in  alum  or  chloride  of 
tin,  as  a mordant,  and  afterwards  in  infusion  of  cochineal.  Black  morocco  is 
dyed  with  acetate  of  iron,  which  acts  upon  the  tannic  acid.  The  aniline  dyes 
are  now  much  employed  for  dyeing  morocco. 

The  kid  of  which  gloves  are  made  is  not  actually  tanned,  but  submitted  to  an 
elaborate  operation  called  tawing,  the  chief  chemical  features  of  which  are  the 
removal  of  the  excess  of  lime,*  and  opening  the  pores  of  the  skin  by  means  of  a 
sour  mixture  of  bran  and  water,  in  which  lactic  acid  is  the  agent ; and  the 
subsequent  impregnation  of  the  porous  skin  with  aluminium  chloride,  by  steeping 
it  in  a hot  bath  containing  alum  and  common  salt.  -The  skins  are  afterwards 
softened  by  kneading  in  a mixture  containing  alum,  flour,  and  the  yolks  of  eggs. 

* Polysulphides  of  sodium  and  calcium  are  sometimes  employed  for  removing  the  hair. 
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The  putrefaction  of  the  skin  is  as  effectually  prevented  by  the  aluminium  chloride 
as  by  tanning. 

Wash-leather  and  buckskin  are  not  tanned,  but  shamoyecl,  which  consists  in 
sprinkling  the  prepared  skins  with  oil,  folding  them  up,  and  stocking  them  under 
heavy  wooden  hammers  for  two  or  three  hours.  When  the  grease  has  been  well 
forced  in,  they  are  exposed  in  a warm  atmosphere,  to  promote  the  drying  of  the 
oil  by  absorption  of  oxygen  (page  697).  These  processes  having  been  repeated  the 
requisite  number  of  times,  the  excess  of  oil  is  removed  by  a weak  alkaline  bath, 
and  the  skins  are  dried  and  rolled.  The  buff  colour  of  wash-leather  is  imparted 
by  a weak  infusion  of  sumach. 

Parchment  is  made  by  stretching  lamb  or  goat  skin  upon  a frame,  removing  the 
hair  by  lime,  and  scraping,  as  usual,  and  afterwards  rubbing  with  pumice-stone, 
until  the  proper  thickness  is  acquired. 

OILS  AND  FATS. 

573.  A very  remarkable  feature  in  the  history  of  the  fats  is  the  close  resemblance 
in  chemical  composition  and  properties  which  exists  between  them,  whether 
derived  from  the  vegetable  or  the  animal  kingdom.  They  all  contain  two  or  more 
neutral  substances  which  furnish  glycerin  when  saponified,  together  with  some 
of  the  acids  of  the  acetic  series  or  of  series  closely  allied  to  it. 

One  of  the  most  useful  vegetable  fatty  matters  is  palm  oil,  which  is  extracted 
by  boiling  water  from  the  crushed  fruit  of  the  Elais  guineensis,  an  African  palm. 
It  is  a semi-solid  fat,  which  becomes  more  solid  when  kept,  since  it  then  under- 
goes a species  of  fermentation,  excited  apparently  by  an  albuminous  substance 
contained  in  it,  in  consequence  of  which  the  palmitin  (C51Has06)  is  converted 
into  glycerin  and  palmitic  acid.  The  bleaching  of  palm  oil  is  effected  by  the 
action  of  a mixture  of  sulphuric  or  hydrochloric  acid  and  potassium  dichromate, 
which  oxidises  the  yellow  colouring  matter. 

Cocoa-nut  oil  is  also  semi-solid,  and  is  remarkable  for  the  number  of  acids  of  the 
acetic  series  which  it  yields  when  saponified,  viz.,  caproic,  caprylic,  rutic,  lauric, 
myristic,  and  palmitic. 

These  fats  are  chiefly  used  in  the  manufacture  of  soap  and  candles. 

Salad  oil,  or  sweet  oil  (olive  oil),  is  obtained  by  crushing  olives,  and  an  inferior 
kind  which  is  used  for  soap  is  obtained  by  boiling  the  crushed  fruit  with  water. 
When  exposed  to  a temperature  of  about  32°  F.  a considerable  portion  of  the  oil 
solidifies  ; this  solid  portion  is  generally  called  margarin,  (C54H104O6)  ; it  is  much 
less  soluble  in  alcohol  than  stearin,  though  more  so  than  palmitin.  When 
saponified,  margarin  yields  glycerin  and  margaric  acid  (C„H340„).  This  acid 
appears  to  be  really  composed  of  stearic  and  palmitic  acids,  into  which  it  may  be 
separated  by  repeated  crystallisation  from  alcohol,  when  the  palmitic  acid  is  left 
in  solution.  The  fusing  point  of  margaric  acid  is  140°  F.,  that  of  stearic  being 
159°,  and  that  of  palmitic,  144°,  but  a mixture  of  ten  parts  of  palmitic  with  1 part 
of  stearic  acid  fuses  at  140°. 

That  portion  of  the  olive  oil  which  remains  liquid  below  320  consists  of  olein 
(CS7HI04O6),  and  forms  nearly  three-fourths  of  its  weight. 

It  is  well  known  that  salad  oil  becomes  rancid  and  exhales  a disagreeable  odour 
after  being  kept  for  some  time.  This  appears  to  be  due  to  a fermentation  similar 
to  that  noticed  in  the  case  of  palm  oil,  originally  started  by  the  action  of  atmo- 
spheric  oxygen  upon  albumimous  matters  present  in  the  oil ; the  neutral  fatty 
matters  are  thus  partly  decomposed,  as  in  saponification ; their  corresponding 
acids  being  liberated,  and  giving  rise  (in  the  case  of  the  higher  members  of  the 
acetic  series,  such  as  caproic  and  valerianic)  to  the  disagreeable  odour  of  ranch  I 
oil.  By  boiling  the  altered  oil  with  water,  and  afterwards  washing  it  with  a weak 
solution  of  soda,  it  may  be  rendered  sweet  again.  _ . . 

Almond  oil,  extracted  by  a process  similar  to  that  employed  for  olive  oil,  is  also 
very  similar  in  composition  ; but  colza  oil,  obtained  from  the  seeds  of  the  Prassica 
oleifera,  contains  only  half  its  weight  of  oleine,  and  hence  solidifies  more  readilj 
than  the  others. 

Colza  oil  is  largely  used  for  burning  in  lamps,  and  undergoes  a process  oi  puri- 
fication from  the  mucilaginous  substances  which  are  extracted  with  it  from  the 
seed,  and  leave  a bulky  carbonaceous  residue  when  subjected  to  destructive  dis- 
tillation in  the  wick  of  the  lamp.  To  remove  these,  the  oil  is  agitated  with  about 
2 per  cent,  of  oil  of  vitriol,  which  carbonises  the  mucilaginous  substances,  but 
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leaves  the  oil  untouched.  When  the  carbonaceous  flocks  have  subsided,  the  oil  is 
drawn  off,  washed  to  remove  the  acid,  and  filtered  through  charcoal. 

Linseed  oil,  obtained  from  the  seeds  of  the  flax  plant,  is  much  richer  in  olein 
than  any  of  the  foregoing,  exhibiting  no  solidification  till  cooled  to  15"  or  20°  F. 
below  the  freezing-point.  It  exhibits,  however,  in  a far  higher  degree,  a tendency 
to  become  solid  when  exposed  to  the  air,  which  has  acquired  for  it  the  name  of 
a drying  oil,  and  renders  it  of  the  greatest  use  to  painters.  This  solidification  is 
attended  with  absorption  of  oxygen,  which  takes  place  so  rapidly  in  the  case  of 
linseed  oil,  that  spontaneous  combustion  has  been  known  to  take  place  in  masses 
of  rag  or  tow  which  have  been  smeared  with  it.* 

The  tendency  of  linseed  oil  to  solidify  by  exposure  is  much  increased  by  heat- 
ing it  with  about  ^th  of  litharge,  or  ^th  of  black  oxide  of  manganese  ; these 
oxides  are  technically  known  as  dryers,  and  oil  so  treated  is  called  boiled  linseed  oil. 
The  action  of  these  metallic  oxides  is  not  well  understood. 

The  strong  drying  tendency  of  linseed  oil  is  supposed  to  bo  due  to  a peculiarity 
in  the  olein,  which  is  said  not  to  be  ordinary  olein,  but  to  furnish  a different 
acid,  linoleic  acid,  when  saponified.  When  linseed  oil  is  exposed  for  some  time  to 
a high  temperature,  it  becomes  viscous  and  treacly,  and  is  used  in  this  state  for 
the  preparation  of  printing  ink.  If  the  viscous  oil  be  boiled  with  dilute  nitric 
acid,  it  is  converted  into  artificial  caoutchouc,  which  is  used  in  the  manufacture  of 
surgical  instruments.  This  property  appears  to  be  connected  with  the  drying 
qualities  of  the  oil. 

Castor  oil,  obtained  from  the  seeds  of  Ricinus  communis,  also  yields  a peculiar 
acid  when  saponified,  termed  ricinoleic  (H.C^II^Oj),  containing  one  more  atom 
of  oxygen  than  oleic  acid,  which  it  much  resembles.  The  destructive  distillation 
of  castor  oil  yields  cenanthic  acid  (H.C.H1302)  and  cenanthole,  or  cenantliic  aldehyd 
(C7H140),  and  by  distilling  it  with  caustic  potash,  caprylic  alcohol  (CsHlsO)  is 
obtained.  As  in  the  case  of  olive  oil,  the  cold  drawn  castor  oil,  which  is  expressed 
from  the  seeds  without  the  aid  of  heat,  is  much  less  liable  to  become  rancid. 
Castor  oil  is  much  more  soluble  in  alcohol  than  any  other  of  the  fixed  oils. 

The  various  fish  oils,  such  as  seal  and  whale  oil,  also  consist  chiefly  of  olein, 
and  appear  to  owe  their  disagreeable  odour  to  the  presence  of  certain  volatile  acids, 
such  as  valerianic. 

Cod-liver  oil  appears  to  contain,  in  addition  to  olein  and  stearin,  a small  quan- 
tity of  acetin  (C9Hh06),  which  yields  acetic  acid  and  glycerin  when  saponified. 
Some  of  the  constituents  of  bile  have  also  been  traced  in  it,  as  well  as  minute 
quantities  of  iodine  and  bromine. 

574.  Butter  contains  about  two-thirds  of  its  weight  of  solid  fat,  which  consists 
in  great  part  of  margarin  (see  page  696),  but  contains  also  butine,  which  yields 
glycerin  and  butic  acid  (II.C'.^H^Cb)  when  saponified.  The  liquid  portion  consists 
chiefly  of  olein.  Butter  also  contains  small  quantities  of  butyrin,  caproin,  and 
caprin,  which  yield,  when  saponified,  glycerin  and  butyric  (H.C4H702),  caproic 
(H.C6Hn02),  and  capric  (H.C10H19O2)  acids,  distinguished  for  their  disagreeable 
odour. 

Fresh  butter  has  very  little  odour,  being  free  from  these  volatile  acids,  but  if 
kept  for  some  time,  especially  if  the  casein  of  the  milk  has  been  imperfectly  sepa- 
rated in  its  preparation,  spontaneous  resolution  of  these  fats  into  glycerin  and  the 
volatile  disagreeable  acids  takes  place.  By  salting  the  butter  this  change  is  in 
great  measure  prevented. 

The  fat  of  the  sheep  and  ox  (suet,  or,  when  melted,  talloiv ) consists  chiefly  of 
stearin,  whilst  in  that  of  the  pig  (lard)  olein  predominates  to  about  the  same 
extent  as  in  butter.  Margarin  (or  palmitin  ?)  is  also  present  in  these  fats.  Ben- 
boated  lard  contains  some  gum  benzoin,  which  prevents  it  from  becoming  rancid. 

Human  fat  contains  chiefly  olein  and  margarin  (or,  if  we  do  not  admit  the 
independent  existence  of  the  latter,  palmitin  and  stearin). 

575.  Sperm  oil,  which  is  expressed  from  the  spermaceti  found  in  the  brain  of  the 
sperm  whale,  owes  its  peculiar  odour  to  the  presence  of  a fat  which  has  been  called 
phocenin,  but  which  appears  to  be  valerin,  as  it  yields  glycerin  and  valerianic  acid 
(H.C5H902)  when  saponified. 

The  beautiful  solid  crystalline  fat,  known  as  spermaceti  or  cetine,  differs  widely 
from  the  ordinary  fatty  matters,  for  when  saponified  (which  is  not  easily  effected), 

0 During  the  oxidation,  a volatile  compound  is  formed  which  resembles  acroleine  in 
smell,  and  colours  unsized  paper  brown.  It  has  been  suggested  that  the  brown  colour 
and  musty  smell  of  old  books  may  be  due  to  the  oxidation  of  the  oil  in  the  printing-ink. 
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it  yields  no  glycerin,  but  in  its  stead  another  alcohol,  termed  ethal  (C16Hsl0),  which 
is  a white  crystalline  solid,  capable  of  being  distilled  without  decomposition. 

The  soap  prepared  from  spermaceti,  when  decomposed  by  an  acid,  yields  palmitic 
acid  (H.CI0H#1Oa)  (formerly  called  ethalic  acid),  to  which  ethal  is  the  corresponding 
alcohol. 

Ambergris,  used  in  perfumery,  is  a fatty  substance  found  in  the  intestines  of 
the  spermaceti  whale.  Boiling  alcohol  extracts  from  it  about  80  per  cent,  of 
ambrein. 

Chinese  wax,  the  produce  of  an  insect  of  the  Cochineal  tribe,  is  analogous  in  its 
chemical  constitution  to  spermaceti.  When  saponified  by  fusion  with  caustic 
potash,  it  yields  cerotine,  or  cerylic  alcohol  (C„7Hj5.HO),  corresponding  to  ethal,  and 
c 'erotic  acicl  (H.C27H6302),  corresponding  to  palmitic  acid.  Cerotic  acid  is  also  con- 
tained in  ordinary  bees’  wax,  from  which  it  may  be  extracted  by  boiling  alcohol, 
and  crystallised  as  the  solution  cools.  It  forms  about  two-thirds  of  the  weight  of 
the  wax.  Cerotic  acid  is  found  among  the  products  of  oxidation  of  paraffin  by 
chromic  acid. 

Bees’  wax  also  contains  about  one-third  of  its  weight  of  myricin  (C46H„20„),  a 
substance  analogous  to  spermaceti,  which  yields,  when  saponified,  palmitic  acid 
and  melissin  (C30HG].HO),  an  alcohol  corresponding  to  ethal.  The  colour,  odour, 
and  tenacity  of  bees’  wax  appear  to  be  due  to  the  presence  of  a greasy  substance 
called  cerolein,  which  forms  about  ^th  of  the  wax,  and  has  not  been  fully  ex- 
amined. The  tree-wax  of  Japan  is  said  to  be  pure  palmitin. 

Wax  is  bleached  for  the  manufacture  of  candles,  by  exposing  it  in  thin  strips  or 
ribands  to  the  oxidising  action  of  the  atmosphere,  or  by  boiling  it  with  nitrate  of 
soda  and  sulphuric  acid.  Chlorine  also  bleaches  it,  but  displaces  a portion  of  the 
hydrogen  in  the  wax,  taking  its  place  and  causing  the  evolution  of  hydrochloric 
acid  vapours  when  the  wax  is  burnt. 

The  following  table  includes  the  principal  fatty  bodies  and  their  corresponding 
acids,  with  their  fusing  points : — 


Neutral 

Fats. 

Formula. 

Chief 

Source. 

Fusing 

Point, 

Fahr. 

Fatty 

Acids. 

Formula. 

Fusing 
Point, 
F ahr. 

Stearin 

Palmitin 

Margarin 

Olein 

Cetin 

Myricin 

cs,h110og 

C51H0S°B 

0„Hio406 

Cs,H104Oc 

C32H6402 

Tallow 
Palm  oil 
Olive  oil 
?> 

Spermaceti 
Bees’  wax 

1250  to  157° 
II40  to  1450 
Il6° 

Below  320 
120° 

162° 

Stearic 

Palmitic 

Margaric 

Oleic 

Palmitic 

»> 

C16H3202 

c17h34o2 

*-'18^31^2 

w, 

1 59° 
1 44° 
140° 
403 
1 440 

CHEMISTRY  OF  SOAP. 


576.  The  manufacture  of  soap  affords  an  excellent  instance  of  a process  which 
was  in  use  for  centuries  before  anything  was  known  of  the  principles  upon  which 
it  is  based,  for  it  was  not  till  the  researches  of  Chevreul  were  published,  111  1813, 
that  any  definite  ideas  were  entertained  with  respect  to  the  composition  of  the 
various'fats  and  oils  from  which  soaps  are  made. 

The  investigations  of  Chevreul  are  conspicuous  among  the  labours  which  liar  c 
contributed  in  so  striking  a manner  to  the  rapid  advancement  of  chemistry  during 
the  present  century  ; undertaken  when  the  chemistry  of  organic  substances  hau 
scarcely  advanced  bevoml  the  dignity  of  an  art,  when  the  principles  of  classifica- 
tion were  almost  entirely  empirical,  and  hardly  any  research  had  been  published 
which  would  serve  as  a model,  these  researches  reflect  the  remarkable  sagacity 


and  accuracy  of  their  author.  . . A . . ,t  . 

The  sense  of  our  obligation  to  this  eminent  chemist  is  further  increased,  when 
we  remember  that  the  ultimate  analysis  of  organic  substances  was  then  effect e<t 
by  a very  difficult  and  laborious  process,  whilst  the  doctrine  of  combining  Pro- 
portions was  so  imperfectly  understood,  that  it  could  afford  but  little  assistance 
in  confirming  or  interpreting  the  results  of  analysis. 

All  soaps  result  from  the  action  of  the  alkalies  upon  the  oils  and  fats 

In  the  manufacture  of  soap,  potash  and  soda  are  the  only  alkalies  employed,  tne 

former  for  soft,  the  latter  for  hard  soaps.  . ,,  1 np 

The  fatty  matters  employed  by  the  soap-maker  are  chiefly  tallow,  palm  o , 
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•cocoa-nut  oil,  and  kitchen  stuff,  for  hard  soaps,  and  seal  oil  and  whale  oil  for  soft 
soaps. 

In  the  manufacture  of  hard  soap,  the  alkali  is  prepared  by  decomposing  or 
caustifying  sodium  carbonate  (soda-ash)  with  slaked  lime,  Na,C03  + Ca(HO)2  = 
CaC03  + 2NaHO,  the  clear  solution  of  sodium  hydrate,  or  soda-ley,  being  drawn 
off  from  the  insoluble  calcium  carbonate.  . 

The  tallow  is  at  first  boiled  with  a weak  soda-ley*  because  the  soap  which  is 
formed  is  insoluble  in  a strong  alkaline  solution,  and  would  enclose  and  protect  a 
quantity  of  undecomposed  tallow  ; in  proportion  as  the  saponification  proceeds, 
stronger  leys  are  added,  until  the  whole  of  the  grease  has  disappeared.  In  order 
to  separate  the  soap  which  is  dissolved,  advantage  is  taken  of  the  insolubility  of 
soap  in  solution  of  salt ; a quantity  of  common  salt  being  thrown  into  the  boiler, 
the  soap  rises  to  the  surface,  when  the  spent  ley  is  drawn  off  from  below , and  the 
soap  transferred  to  iron  moulds  that  it  may  harden  sufficiently  to  be  cut  up  into 
bars. 

In  order  to  understand  the  chemistry  of  this  process,  it  is  necessary  to  know 
that  tallow  contains  two  fatty  substances,  one  of  which,  stearin]  (C5,HI10O6),  is 
solid,  and  the  other,  olein  (C5,H101O6),  liquid,  the  quantity  of  stearin  being  about 
thrice  that  of  olein. 

When  these  fats  are  acted  upon  by  soda,  they  undergo  decomposition,  furnish- 
ing stearic  and  oleic  acids,  which  combine  with  the  soda  to  form  soap,  whilst  a 
peculiar  sweet  substance,  termed  glycerin,  passes  into  solution  ; the  nature  of  the 
decomposition  in  each  case  will  be  understood  from  the  following  equations — 
C3HS.(C1SHS50)3.03  + 3NaHO  = 3Na(CISH350)0  + C3H803 

Stearin  Sodium  stearate  Glycerin ; 

C3H5.(C18H330)3.0j  + 3NaHO  = 3Na(C13Hs30)0  + C3H803 

Olein  Sodium  oleate  Glycerin; 

•so  that  the  soap  obtained  by  boiling  tallow  with  soda  is  a mixture  of  the  sodium 
stearate  with  about  a third  of  its  weight  of  sodium  oleate  and  20  to  3o  per  cent, 
of  water.  _ . 

Palm  oil  is  composed  chiefly  of  palmitin  (Cj,H8806),  a solid  fat  which  is 
resolved,  by  boiling  with  soda,  into  sodium  palmitate  (palm  oil  soap)  and  gly- 
cerin; CsH5.(C16H3I0)303  + 3NaHO  = 3Na(CI6H310)0  + C3H803 

Palmitin.  Sodium  palmitate.  Glycerin. 

In  the  fish  oils  the  predominant  constituent  is  olein,  so  that  when  boiled  with 
potassium  hydrate,  they  yield  potassium  oleate  (KC,8H3302),  which  composes  the 
chief  part  of  soft  soap. 

Castile  soap  is  made  from  olive  oil,  which  contains  olein  and  a solid  fat  known 
as  margarin.  The  latter  appears  to  be  really  composed  of  palmitin  and 
stearin,  so  that  the  Castile  soap  is  a mixture  of  oleate,  palmitate,  and  stearate  of 
sodium. 

The  peculiar  appearance  of  mottled  soap  is  caused  by  the  irregular  distribution 
of  a compound  of  the  fatty  acid  with  oxide  of  iron,  which  arranges  itself  in  veins 
throughout  the  mass.  If  the  soap  contained  too  much  water,  so  as  to  render  it 
very  fluid  when  transferred  to  the  moulds,  this  iron  compound  would  settle  down 
to  the  bottom,  leaving  the  soap  clear,  so  that  the  mottled  appearance  is  often 
regarded  as  an  indication  that  the  soap  does  not  contain  an  undue  proportion  of 
water ; it  is  imitated,  however,  by  stirring  into  the  pasty  soap  some  ferrous  sul- 
phate and  a little  impure  ley  containing  sodium  sulphide,  so  as  to  produce  the 
dark  sulphide  of  iron  by  double  decomposition.^: 

In  the  manufacture  of  yellow  soap,  in  addition  to  tallow  and  palm  oil,  a con- 
siderable proportion  of  common  rosin  (see  p.  483)  is  added  to  the  soap  shortly 
before  it  is  finished.  Soft  soup  is  not  separated  from  the  water  by  salt  like  hard 
soap,  but  is  evaporated  to  the  required  consistency.  Transparent  soaps  are  ob- 
tained by  drying  hard  soap,  dissolving  it  in  hot  spirit  of  wine,  and  pouring  the 
strong  solution  into  moulds  after  the  greater  part  of  the  spirit  has  been  distilled 
off.  Silicated  soap  is  a mixture  of  soap  with  silicate  of  soda.  Glycerin  soap  is 
prepared  by  heating  the  fat  with  alkali  and  a little  water  to  about  400°  F.  for  two 

* Soap  is  now  sometimes  made  by  the  action  of  the  sodium  carbonate  upon  the  fat,  thus 
saving  the  expense  of  caustifying  (Morfit’s  process). 

t Iriap,  tallow. 

t A soap  which  contains  much  more  than  30  per  cent,  of  water  is  said  not  to  admit  of 
mottling. 
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or  three  hours,  and  running  the  mass  at  once  into  moulds.  It  is,  of  course,  a 
mixture  of  soap  and  glycerin. 

The  proportion  of  water  in  soaps  is  very  variable,  some  specimens  containing 
between  70  and  80  per  cent.  The  smallest  proportion  is  about  30  per  cent. 

The  theory  of  saponification,  stated  above,  has  received  the  strongest  confirma- 
tion within  the  last  few  years,  by  the  synthetic  production  of  the  fats  from 
glycerin  and  the  fatty  acids  formed"  in  their  saponification. 
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577.  Since  tallow  fuses  at  about  ioo°  F.,  and  stearic  acid  not  below  1590,  it  is 
evident  that,  independently  of  other  considerations,  the  latter  would  be  better 
adapted  for  the  manufacture  of  candles,  for  such  candles  would  never  soften  at 
the  ordinary  atmospheric  temperature  in  any  climate,  and  would  have  much  less 
tendency  to  gutter  in  consequence  of  the  excessive  fusion  of  the  fuel  around  the 
base  of  the  wick.  The  gases  furnished  by  the  destructive  distillation  of  stearic 
acid  in  the  wick  of  the  candle  burn  with  a brighter  flame  than  those  produced 
from  tallow.  Accordingly,  the  manufacture  of  stearin  (or  more  correctly,  stearic 
acid)  candles  * has  now  become  a very  important  and  instructive  branch  of 
industry. 

The  original  method  of  separating  the  stearic  acid  from  tallow  on  the  large 
scale  consisted  in  mixing  melted  tallow  with  lime  and  water,  and  heating  the 
mixture  for  some  time  to  2120  by  passing  steam  through  it. 

The  tallow  was  thus  converted  into  the  insoluble  stearate  and  oleate  of  calcium, 
which  was  drained  from  the  solution  containing  the  glycerin,  and  decomposed  by 
sulphuric  acid.  The  mixture  of  stearic  and  oleic  acids  thus  obtained  was  cast 
into  thin  slabs,  which  were  packed  between  pieces  of  cocoa-nut  matting,  and  well 
squeezed  in  a hydraulic  press,  which  forced  out  the  oleic  acid,  leaving  the  stearic 
and  palmitic  acids  in  a fit  state  for  the  manufacture  of  candles. 

The  separation  of  the  solid  fatty  acids  from  tallow  and  other  fats  may  also  be 
effected  by  the  action  of  sulphuric  acid,  a process  extensively  applied  in  this 
country  to  palm  and  cocoa-nut  oils.  These  fats  are  mixed  in  copper  boilers  with 
about  one-sixth  of  their  weight  of  concentrated  sulphuric  acid,  and  heated  by 
steam  to  about  350°  F.  for  some  hours,  when  part  of  the  glycerin  is  converted 
into  sulphoglyceric  acid  (C3H303.S03),  and  the  remainder  is  decomposed  by  the 
sulphuric  acid,  carbonic  and  sulphurous  acid  gases  being  disengaged,  whilst  a 
dark-coloured  mixture  of  palmitic,  stearic,  and  oleic  acid  is  left.  A part  of  the 
oleic  acid  becomes  converted  in  this  process  into  elaidic  acid,  which  has  the  same 
composition,  but  differs  from  oleic  acid  in  fusing  at  about  1130  F.,  so  that  the 
amount  of  solid  acid  obtained  by  this  process  is  much  increased.  This  mixture 
is  well  washed  from  the  adhering  sulphuric  and  sulphoglyceric  acids,  and  trans- 
ferred to  a copper  still  into  which  a current  of  steam  is  passed,  which  has  been 
raised  to  about  6oo°  F.  by  passing  through  hot  iron  pipes.  These  fatty  acids 
could  not  be  distilled  alone  without  decomposition,  but  under  the  influence  of  a 
current  of  steam  they  pass  over  readily  enough,  leaving  a black  pitchy  residue 
in  the  retort,  which  is  employed  in  making  black  sealing-wax,  and  for  other 


useful  purposes. 

The  distilled  fatty  acids  are  broken  up  and  pressed  between  cocoa-nut  matting 

to  remove  the  oleic  acid.  ...  . 

One  great  advantage  of  this  process,  which  is  commonly,  though  incorrectly, 
styled  the  saponification  by  sulphuric  acid,  is  its  allowing  the  conversion  of  the 
worst  kinds  of  refuse  fat  into  a form  fit  for  the  manufacture  of  candles ; thus,  the 
fat  extracted  from  bones  in  the  manufacture  of  glue,  and  that  removed  from  wool 
m the  scouring  process,  may  be  turned  to  profitable  account.  . , 

' It  will  be  remarked  that  in  this  process  the  palmitic,  stearic,  and  oleic  acids 
are  formed  from  the  palmitin,  stearin,  and  olein  existing  in  the  fats,  by  the 
assimilation  of  the  elements  of  water  and  the  subsequent  separation  ot  glycerin, 
just  as  in  the  ordinary  process  of  saponification  by  means  of  alkalies. 

Strictly  speaking,  the  action  appears  to  consist  of  two  stages  ; for  when  con- 
centrated sulphuric  acid  is  allowed  to  act  upon  the  natural  fats  in  the  cold,  it 
combines  with  each  of  their  ingredients,  forming  the  acids  known  as  smph  - 
stearic,  sulphopalmitic,  sulpholeic,  and  sulphoglyceric,  which  are  soluble  in  watt  , 
though  not  (with  the  exception  of  the  last)  in  water  contammg  sulphuric  acid. 

* Composite  candles  are  made  of  a mixture  of  stearic  aud  palmitic  acids. 
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The  second  stage  consists  in  the  decomposition  of  the  sulpho -fatty  acids  by  the 
high  temperature  in  contact  with  steam,  the  sulplioglyceric  acid  having  been  in 
great  measure  decomposed  into  secondary  products  before  the  distillation  is 
commenced. 

Within  the  last  few  years,  the  extraction  of  the  solid  acids  from  the  natural 
fats  has  been  effected  by  a process  known  as  saponification  by  steam,  which  allows 
the  glycerin  also  to  be  obtained  in  a pure  state.  It  is  only  necessary  to  subject 
the  fat,  in  a distillatory  apparatus,  to  the  action  of  steam,  at  a temperature  of 
about  600°  F , to  cause  both  the  fatty  acids  and  the  glycerin  to  distil  over  ; the 
former  may  be  separated  as  usual  into  solid  and  liquid  portions  by  pressure, 
whilst  the  glycerin,  which  is  obtained  in  aqueous  solution  below  the  layer  of 
fatty  acids,  is  concentrated  by  evaporation,  and  sent  into  commerce  as  a very 
sweet  colourless  viscid  liquid.  The  saponification  of  palmitin,  for  instance,  by 
steam,  would  be  represented  by  the  equation — 

CsHs.(C18H31Os),  + 3H0O  = 3(H.C16HS102)  + CsHs(HO), 

Palmitin.  Palmitic  acid.  Glycerin. 

STARCH. 

578.  Starch  is  manufactured  chiefly  from  potatoes,  wheat,  and  rice,  the  solid 
portion  of  which  consists  chiefly  of  starch,  as  appears  in  the  following  result  of 
analysis : — 


Starch  . 

Potatoes. 
. 20.2 

Wheat. 

60.8 

Rice. 

83.0 

Water  . 

■ 75-9 

12. 1 

5-0 

Gluten  . 

10-5 

6.0 

Albumen 

• 2.3 

2.0 

Dextrin  and  sugar 

10-5 

1.0 

Woody  fibre 

. 0.4 

1-5 

4.8 

Oily  matter  . 

0.2 

1. 1 

0.1 

Mineral  matter 

1.0 

1.5 

0.1 

100.0 

100.0 

100.0 

In  order  to  extract  the  starch,  the  potatoes  are  rasped  to  a pulp,  which  is 
washed  upon  a sieve,  under  a stream  of  water,  as  long  as  the  latter  is  rendered 
milky  by  the  starch  suspended  in  it,  the  woody  fibre  being  left  behind  upon  the 
sieve.  The  milky  liquid  is  allowed  to  settle,  and  the  clear  water  drawn  off ; the 
deposited  starch  is  then  stirred  up  with  fresh  water,  and  again  allowed  to  subside, 
this  process  being  repeated  as  long  as  the  water  is  coloured,  after  which  the  starch 
is  mixed  up  with  a small  quantity  of  water,  and  passed  through  a fine  sieve  to 
separate  mechanically  mixed  impurities  ; it  is  finally  drained  and  dried,  first  in  a 
current  of  air,  and  afterwards  by  a gentle  heat. 

Starch  cannot  be  extracted  from  wheat  so  easily  as  from  potatoes,  on  account 
of  the  much  larger  proportion  of  other  solid  matters  from  which  it  must  be 
separated. 

To  extract  the  starch,  the  coarsely  ground  wheat  is  moistened  with  water,  and 
allowed  to  putrefy,  as  it  easily  does,  in  consequence  of  the  alterable  character  of 
the  gluten  (which  contains  carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur)  ; the 
putrefying  gluten  excites  fermentation  in  the  sugar  and  part  of  the  starch,  pro- 
ducing acetic  and  lactic  acids.  These  acids  are  capable  of  dissolving  the 
remainder  of  the  gluten,  which  may  then  be  washed  away  by  water,  the  subsequent 
processes  being  similar  to  those  employed  in  the  extraction  of  potato  starch. 

A far  more  economical  and  scientific  method  of  extracting  the  starch  consists  in 
dissolving  the  gluten  by  means  of  a weak  alkaline  solution,  which  leaves  the 
starch  untouched.  This  process  is  especially  applied  in  the  manufacture  of  starch 
from  rice  (p.  651). 

Arrowroot  is  the  starch  extracted  from  the  root  of  the  Maranta  arundinacea, 
and  of  some  other  tropical  plants. 

In  the  preparation  of  tapioca  and  sago,  the  starch  is  dried  at  a temperature 
above  140°  F.,  so  that  it  loses  its  ordinary  farinaceous  appearance  and  becomes 
semi-transparent. 

Sago  is  manufactured  from  the  pith  of  certain  species  of  palm,  natives  of  the 
East  Indian  islands.  The  tree  is  split  so  as  to  expose  the  pith,  which  is  mixed 
with  water,  and  the  starch,  having  been  separated  from  the  woody  fibre  in  the 
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usual  manner,  is  pressed  through  a perforated  metallic  plate,  which  moulds  it 
into  small  cylinders ; these  are  placed  in  a revolving  vessel  and  broken  into  rough 
spherical  grains,  which  are  steamed  upon  a sieve,  and  dried. 

Tapioca  is  obtained  from  the  roots  of  the  Jatrojpha  manihot,  a native  of  America. 
The  roots  are  peeled  and  subjected  to  pressure,  which  squeezes  out  a juice 
employed  by  the  Indians  to  poison  their  arrows,  and  containing  a deleterious  sub- 
stance which  has  been  named  jatropldne.  When  the  juice  is  allowed  to  stand,  it 
deposits  starch,  which  is  well  washed,  pressed  through  a colander,  and  dried 
at  212°  F. 

Oswego,  or  corn-flour,  is  the  flour  of  Indian  corn  deprived  of  gluten  by  treat- 
ment with  a weak  solution  of  soda. 

579.  Malting. — The  tendency  of  starch  to  combine  with  the  elements  of  water 
and  pass  into  glucose  (p.  647)  is  of  immense  importance  in  the  chemistry  of  vege- 
tation, as  well  as  in  that  of  food.  It  is,  indeed,  the  chief  chemical  change  con- 
cerned in  the  development  of  living  from  inanimate  matter,  being  one  of  the  first 
processes  involved  in  the  germination  of  a seed — the  first  step  in  the  produc- 
tion of  vegetables,  which  must  precede  the  animals  whose  food  they  compose. 

The  components  of  all  seeds  are  similar  to  those  of  wheat,  which  have  been 
enumerated  above  ; and  if  they  be  perfectly  dried  immediately  after  their  removal 
from  the  parent  plant,  they  may  be  preserved  for  a great  length  of  time  unchanged, 
and  without  losing  the  power  of  germinating  under  favourable  circumstances. 
The  essential  conditions  of  germination  are  the  presence  of  air  and  moisture,  and 
a certain  temperature,  which  varies  with  the  nature  of  the  seed.  These  conditions 
being  fulfilled,  the  seed  absorbs  oxygen  from  the  air,  and  evolves  carbonic  acid 
gas,  "produced  by  the  combination  of  the  oxygen  with  the  carbon  of  one  or  more- 
of  the  most  alterable  constituents  of  the  seed,  such  as  the  vegetable  albumen  or 
the  gluten.  This  process  of  oxidation  is  attended  with  evolution  of  heat,  which 
serves  to  maintain  the  seed  at  the  degree  of  warmth  most  favourable  to  germina- 
tion. The  component  particles  of  the  albumen  or  gluten,  having  been  set  in 
motion  by  the  action  of  the  atmospheric  oxygen,  induce  a movement  or  chemical 
change  in  the  starch  with  which  they  are  in  contact,  causing  it  to  pass  into- 
dextrin  and  glucose,  which,  unlike  the  starch,  being  perfectly  soluble  in  water, 
are  capable  of  affording  to  the  developing  shoot  the  carbon,  hydrogen,  and  oxygen 
which  it  requires  for  the  increase  of  its  frame.  The  production  of  glucose  and  of' 
dextrin  in  germination  is  well  illustrated  by  the  sweet  gummy  character  of  the 
bread  made  from  sprouted  wheat,  and  is  turned  to  practical  account  in  the  process 
of  malting. 

During  the  germination  of  all  seeds  there  is  formed,  apparently  by  the  oxidation; 
of  one  of  the  more  alterable  constituents,  a peculiar  substance  containing  carbon, 
hydrogen,  nitrogen,  and  oxygen,  which  has  never  yet  been  obtained  from  any 
other  source,  and  is  characterised  by  its  remarkable  property  of  inducing  the 
conversion  of  starch  into  dextrin  and  grape-sugar.  This  substance  has  been 
termed  diastase  (Scda-rams,  dissension;  metaph.  fermentation),  but  has  never  yet 
been  obtained  in  a state  of  sufficient  purity  to  enable  its  formula  to  be  satis- 
factorily determined,  It  may  be  extracted,  however,  from  malt,  by  grinding  it 
and  mixing  it  with  half  its  weight  of  warm  water,  which  dissolves  the  diastase 
the  solution  squeezed  out  of  the  malt  is  heated  to  about  170°  F.,  filtered  from  any 
coagulated  albumen,  and  mixed  with  absolute  alcohol,  which  precipitates  the 
diastase  in  white  flakes.  One  part  of  diastase  dissolved  in  water  is  capable  of 
inducing  the  conversion  of  2000  parts  of  starch  into  dextrin  and  grape-sugar,  the 
diastase° itself  being  exhausted  in  the  process.  A temperature  of  about  150*  F.  is 
most  favourable  to  the  action  of  diastase,  which  may  be  arrested  entirely  by 
raising  the  liquid  to  the  boiling  point. 

The  great  importance  of  diastase  in  the  arts  of  the  brewer  and  distiller  is  at 
once  apparent.  In  the  process  of  malting  barley,  the  grain  is  soaked  in  water, 
and  afterwards  spread  out  in  thin  layers  upon  the  floor  of  a dark  room  (thus 
imitating  the  natural  condition  under  which  the  seed  germinates),  which  is  main- 
tained as  nearly  as  possible  at  a constant  and  moderate  temperature  (between 
rr°  anci  620  F ) ; spring  and  autumn  are,  therefore,  more  favourable  to  malting 
than  summer  and  winter.  It  soon  evolves  heat,  and  the  grains  begin  to  swell  7 
in  the  course  of  twenty-four  hours  the  germination  commences,  and  the  radicle 
makes  its  first  appearance  as  a whitish  protuberance  ; the  grain  is  turned  two  or 
three  times  a day,  in  order  to  equalise  the  temperature.  In  about  a fortnight  the 
radicle  has  grown  to  about  half  an  inch,  by  which  time  a sufficient  quantity  ot 
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diastase  has  been  formed.  In  order  to  prevent  the  germination  from  proceeding 
further,  the  grain  is  killed  by  drying  it  at  a temperature  of  90°  F.  on  perforated 
metallic  plates,  where  it  is  afterwards  heated  to  about  140°  F.,  so  as  to  render  it 
brittle,  after  which  it  is  sifted  in  order  to  separate  the  radicle,  which  is  now 
easily  broken  off.  This  radicle  is  found  to  contain  as  much  as  ^th  of  the  total 
quantity  of  the  nitrogen  present  in  the  barley,  so  that  the  malt  dust,  as  the  siftings 
are  called,  forms  a valuable  manure. 

One  hundred  parts  of  barley  generally  yield  about  80  parts  of  malt,  but  a part 
of  the  loss  is  due  to  water  present  in  the  barley,  so  that  100  parts  of  dry  barley 
yield  90  parts  of  malt  and  4 parts  of  malt  dust,  the  difference,  viz.,  6 parts,  re- 
presenting the  weight  of  the  carbon  converted  into  carbonic  acid  gas,  of  the 
hydrogen  (if  any)  converted  into  water  during  the  germination,  and  of  soluble 
matters  removed  from  the  barley  in  steeping.  Malt  contains  about  -g^-th  of  its 
weight  of  diastase,  far  more  than  enough  to  ensure  the  conversion  of  the  whole 
of  its  starch  into  sugar. 

The  following  table  illustrates  the  change  in  composition  suffered  by  barley 
during  the  process  of  malting,  leaving  the  moisture  out  of  consideration  : — 


Barley. 

After 

Steepin'?. 

14J  Days  on 
Floor. 

Malt  after 
Sifting'. 

Malt  Dust. 

Sugar 

Starch 

Dextrin  . . j 

Woody  fibre  . 
Albuminous  matter 
Mineral  matter 

2.56 

80.42 

4.69 

9-83 

2.50 

1.56 

8l.I2 

5.22 

9-83 

2.27 

12.14 

70.09 

5-03 

IO.39 

2-35 

I I.OI 

72.03 

4.84 

9-95 

2.17 

”•35 

43.68 

9.67 

26.90 

8.40 

100.00 

100.00 

100.00 

100.00 

100.00 

BREWING. 

580.  In  order  to  prepare  beer,  the  brewer  maslies  the  ground  malt  with  water  at 
about  1800  F.,  for  some  hours,  when  the  diastase  induces  the  conversion,  into 
dextrin  and  sugar,  of  the  greatest  part  of  the  starch  which  has  not  been  so 
changed  during  the  germination,  and  the  wort  is  ready  to  be  drawn  off  for  con- 
version into  beer.  The  undissolved  portion  of  the  malt,  or  brewers’  (/rains,  still 
contains  a considerable  quantity  of  starch  and  nitrogenised  matter,  and  is  em- 
ployed for  feeding  pigs. 

That  malt  contains  far  more  diastase  than  is  necessary  to  convert  its  starch 
into  sugar,  is  shown  by  adding  a little  infusion  of  malt  to  the  viscid  solution  of 
starch,  and  maintaining  it  at  about  150°  F.  for  a few  hours,  when  the  mixture 
will  have  become  far  more  fluid,  and  will  no  longer  be  coloured  blue  by  solution 
of  iodine.  In  distilleries,  advantage  is  taken  of  the  excess  of  diastase  in  malt, 
by  adding  three  or  four  parts  of  unmalted  grain  to  it,  when  the  whole  of  the 
starch  in  this  latter  is  also  converted  into  dextrin  and  sugar,  and  the  labour  and 
expense  of  malting  it  are  avoided. 

The  wort  obtained  by  infusing  malt  in  water  contains  not  only  glucose,  dex- 
trin, and  diastase,  but  a considerable  quantity  of  nitrogenised  matter  formed 
from  the  gluten  (or  albuminous  matter)  of  the  barley.  Before  subjecting  it  to 
fermentation,  it  is  boiled  with  a quantity  of  hops,  usually  amounting  to  about 
^•th  of  the  weight  of  the  malt  employed,  which  is  found  to  prevent,  in  great 
measure,  the  tendency  of  the  beer  to  become  sour  in  consequence  of  the  conver- 
sion of  the  alcohol  into  acetic  acid. 

The  hop  contains  about  10  per  cent,  of  an  aromatic  yellow  powder,  called 
lupulin,  which  appears  to  be  the  active  portion,  and  which  contains  a volatile 
oil  of  peculiar  odour,  together  with  a very  bitter  substance. 

The  hopped  wort  is  run  off  into  a vat,  where  it  is  allowed  to  deposit  the  undis- 
solved portion  of  the  hops,  and  the  clear  liquor  is  drawn  off  into  shallow  coolers, 
where  its  temperature  is  lowered  as  rapidly  as  possible  to  about  60°  F.,  the  cool- 
ing being  usually  hastened  by  cold  water  circulating  through  pipes  which  traverse 
the  coolers.  If  the  wort  be  cooled  too  slowly,  the  nitrogenised  matter  which  it 
contains  undergoes  an  alteration  by  the  action  of  the  air,  in  consequence  of  which 
the  beer  is  very  liable  to  become  acid. 
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The  wort  is  now  transferred  to  the  fermenting  tun,  where  it  is  made  to  ferment 
by  the  addition  of  yeast,  usually  in  the  proportion  of  y-J-^-th  of  its  volume. 

Yeast  is  a minute  fungoid  vegetable,  which  grows  in  solutions  containing  sugar, 
together  with  some  nitrogenised  substance  (e.g.,  a salt  of  ammonium),  and  the 
salts  (phosphates  of  potassium,  sodium,  calcium,  and  magnesium),  which  are 
essential  constituents  of  its  cells.  If  a little  white  of  egg,  cheese,  or  a piece  of 
liesh  (all  of  which  contain  carbon,  hydrogen,  nitrogen,  oxygen,  and  phosphates) 
be  placed  in  a solution  of  sugar,  and  allowed  to  undergo  decomposition,  a grey 
scum  forms  upon  the  liquid,  which  is  seen  under  the  microscope  to  consist  of 

irregularly  oval  cells,  the  growth  of  which  may  be 
watched  under  the  microscope  in  a little  of  the 
liquid  from  which  they  were  obtained,  when  they 
will  be  found  to  multiply  rapidly  by  the  production 
of  new  cells  on  all  sides  of  them  (fig.  288).  The 
same  cells  will  be  developed  very  rapidly  in  the 
sweet  wort  of  malt,  allowed  to  undergo  decompo- 
sition between  6o°  and  70°  F. 

These  cells  contain  a substance  somewhat  re- 
sembling albumen,  enclosed  in  a thin  membrane, 
the  composition  of  which  is  similar  to  that  of 
cellulose.  They  also  contain  a peculiar  nitrogenised 
body  resembling  diastase,  and  capable  of  inducing 
the  conversion  of  cane-sugar  (C^H.^O,,)  into  glucose 
(CgH1206).  Accordingly,  when  yeast  is  added  to  a 
solution  of  cane-sugar,  the  liquid  is  found  to  in- 
crease in  specific  gravity  (a  solution  of  cane-sugar 
having  a lower  density  than  one  containing  an 
equivalent  quantity  of  glucose)  previously  to  the  commencement  of  fermentation, 
and  the  application  of  tests  readily  proves  the  presence  of  glucose  in  the  solution. 

The  glucose  then  undergoes  the  decomposition  known  as  alcoholic  fermentation, 
which  results  in  the  production  of  alcohol,  carbonic  acid,  lactic  acid,  succinic  acid, 
glycerin,  and  a peculiar  brown  soluble  matter,  together  with  other  substances,  the 
true  nature  of  which  is  yet  undetermined.  The  fermentation  is  attended  with  a 
considerable  elevation  of  temperature. 

Taking  into  consideration  only  the  alcohol  and  carbonic  acid  gas,  which  are  the 
chief  products,  their  formation  from  grape-sugar  may  be  represented  by  the  equa- 
tion CGH,  ,0S=2C„H60 + 2C0r 

During’ the  fermentation,  the  yeast  cells  are  gradually  broken  up,  so  that  a given 
quantity  of  yeast  is  capable  of  fermenting  only  a limited  quantity  of  sugar.  On  an 
average,  a quantity  of  yeast  containing  between  two  and  three  parts  of  solid  matter 
is  required  to  complete  the  fermentation  of  100  parts  of  sugar.  The  solution  re- 
maining after  the  fermentation  is  found  to  contain  salts  of  ammonium,  which  have 
been  formed  at  the  expense  of  the  nitrogen  of  the  yeast. 

If  the  liquid  in  which  the  yeast  excites  fermentation  contains  nitrogenised 
matters  and  phosphates,  the  yeast-plant  grows,  and  its  quantity  increases ; thus, 
in  the  sweet  wort  from  malt,  the  yeast  is  nourished  by  the  altered  gluten  and  by 
the  phosphates,  so  that  it  increases  to  six  or  eight  times  its  original  weight. 

If  veast  be  heated  to  the  boiling  point  of  water,  the  plant  is  killed,  as  might  be 
expected,  and  loses  its  power  of  inducing  alcoholic  fermentation ; but  it  may  be 
dried  at  a low  temperature,  or  by  pressure,  without  losing  its  fermenting  power, 
and  dried  yeast  is  an  article  of  commerce.  German  dried  yeast  is  produced  in  the 
fermentation  of  rye  for  making  Hollands. 

Yeast  will  not  cause  fermentation  in  a solution  containing  more  than  one-fourth 
of  its  weight  of  sugar,  and  the  fermentation  is  arrested  when  the  alcohol  amounts 
to  one-fifth  of  the  weight  of  the  liquid,  so  that  the  strength  of  fermented  liquors 
could  never  exceed  20  per  cent,  of  alcohol.  The  fermentation  is  also  arrested  by 
the  mineral  acids,  and  by  many  of  the  substances  to  which  antiseptic  properties 
are  commonly  attributed,  such  as  common  salt,  kreasote,  corrosive  sublimate,  sul- 
phurous acid,  turpentine,  &c. 

In  the  fermentation  of  beer,  the  yeast  is  carried  up  to  the  surface  by  the  etter- 
vescence  due  to  the  escape  of  the  carbonic  acid  gas,  and  is  eventually  removed  in 
order  to  be  emplovcd  for  the  fermentation  of  fresh  quantities  of  wort.  When 
the  fermentation  has  proceeded  to  the  required  extent,  the  beer  is  stored  for 
consumption. 


Fig.  283. 
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It  will  be  seen  that  the  chief  constituents  of  beer  are  the  alcohol,  the  nitrogen- 
ised  substance  derived  from  the  albuminous  matter  of  the  barley,  and  not  con- 
sumed in  the  growth  of  the  yeast,  the  unaltered  glucose  and  dextrin,  the  brown 
or  yellow  colouring  matter  formed  during  the  fermentation,  the  essential  oil  and 
bitter  principle  of  the  hop. 

Beer  also  contains  acetic  acid  (formed  by  the  oxidation  of  the  alcohol,  page  510), 
free  carbonic  acid,  which  gives  its  sparkling  character,  together  with  the  lactic 
and  succinic  acids  and  glycerin,  formed  as  secondary  products  of  the  fermentation, 
and  ammoniacal  salts  derived  from  the  yeast.  The  soluble  mineral  substances 
from  the  barley  are  also  present,  minus  the  phosphates  abstracted  by  the  yeast. 

The  proportions  of  the  constituents,  of  course,  vary  greatly,  as  will  be  seen  from 
the  following  examples : — 


Percentage. 

Allsopp’s 

Ale. 

Bass’s  Ale. 

Strong  Ale. 

Whitbread’s 

Porter. 

Whitbread’s 

Stout. 

Alcohol  . 

6.00 

7-00 

8.65 

4.20 

6.00 

Acetic  acid 

0.20 

O.18 

0.12 

O.19 

O.lS 

Sugar  and  other  1 
solid  matters  j 

5.00 

4.80 

6.60 

S.40 

6.38 

The  dark  colour  of  porter  and  stout  is  caused  by  the  addition  of  a quantity  of 
high-dried  malt  which  has  been  exposed  to  so  high  a temperature  in  the  kiln  as  to 
convert  a portion  of  its  sugar  into  a dark  brown  soluble  substance  called  caramel. 
The  peculiar  aroma  of  beer  is  probably  due  to  the  presence  of  acetic  ether,  pro- 
duced during  the  fermentation. 

In  some  cases,  when  the  operation  of  brewing  has  been  badly  conducted,  the 
beer  becomes  ropy  or  undergoes  the  viscous  fer  mentation.  In  this  case  the  glucose 
suffers  a peculiar  transformation,  resulting  in  the  production  of  a mucilaginous 
substance  resembling  gum  in  its  composition.  This  change  may  be  induced  by 
yeast  which  has  been  boiled,  or  by  water  in  which  flour  or  rice  has  been  steeped. 
White  wine  occasionally  becomes  ropy  from  a similar  cause,  but  red  wines  are  not 
liable  to  this  change,  apparently  because  the  tannin  which  they  contain  has  pre- 
cipitated in  an  insoluble  form  the  ferment  which  induces  it.  During  this  viscous 
fermentation  a part  of  the  glucose  is  often  converted  into  mannite  (06HM0„). 

WINE  AND  SPIRITS. 

580a.  "Wine  is  essentially  composed  of  8 or  10  parts  of  alcohol,  with  85  or  90  of 
water,  together  with  minute  quantities  of  certain  fragrant  ethers,  of  colouring 
matter,  of  potassium  bitartrate,  and  of  the  mineral  substances  derived  from  the 
grape-juice.  Glycerin  and  succinic  acid  have  also  been  found  in  wines,  and  appear 
to  be  constant  secondary  products  of  the  alcoholic  fermentation. 

Those  wines  in  which  the  whole  of  the  sugar  has  been  fermented  are  known  as 
dry  wines ; whilst  fruity  wines  still  retain  a considerable  quantity  of  sugar. 

The  preparation  of  wines  differs  from  that  of  beer  in  the  circumstance  that  no 
addition  of  ferment  is  necessary,  the  fermentation  being  spontaneous.  Grape 
juice  contains,  in  addition  to  grape-sugar,  vegetable  albumen,  potassium  tartrate, 
and  the  usual  mineral  salts  found  in  vegetable  juices.  The  husks,  seeds,  and 
stalks  of  the  grape  contain  a considerable  quantity  of  tannin,  together  with 
certain  blue,  red,  and  yellow  colouring  matters. 

When  the  expressed  juice  remains  for  a short  time  in  contact  with  the  air,  the 
germs  or  spores  of  yeast  (p.  704)  which  float  in  the  air,  are  deposited  on  the  surface 
of  the  juice,  at  the  expense  of  which  they  begin  to  grow,  exciting  the  vinous 
fermentation  in  the  sugar,  and  a scum  of  yeast  is  formed  upon  the  surface.  If 
this  fermentation  takes  place  in  contact  with  the  husks  of  the  dark  grapes,  the 
alcohol  dissolves  the  colouring  matter,  and  a red  wine  results ; whilst  for  the  pro- 
duction of  white  wines,  the  husks,  &c.,  are  separated  previously  to  the  fermenta- 
tion, and  the  juice  is  exposed  as  little  as  possible  to  the  air. 

White  wines  are  rather  liable  to  become  ropy  from  viscous  fermentation,  but 
this  is  prevented  by  the  addition  of  a small  quantity  of  tannin,  which  precipitates 
the  peculiar  ferment.  The  tannin  for  this  purpose  is  extracted  from  the  husks 
and  stalks  of  the  grapes  themselves. 

Red  wines,  such  as  port  and  claret,  are  often  very  astringent  from  the  tannin 
dissolved  out  of  the  husks,  &c.,  during  the  fermentation.  Port  wine,  when  freshly 
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bottled,  still  retains  in  solution  a considerable  quantity  of  acid  potassium  tartrate 
or  bitartrate  of  potash  (KHC,H4C6),  but  after  it  has  been  kept  some  time,  and 
become  more  strongly  alcoholic,  this  salt  is  deposited,  together  with  a quantity 
of  the  colouring  matter,  in  the  form  of  a crust  upon  the  side  of  the  bottle.  Thus 
a dark  fruity  port  becomes  tawny  and  dry  when  kept  for  a sufficient  length  of 
time,  the  sugar  having  been  converted  into  alcohol.  _ • 

When  the  wine  contains  an  excess  of  tartaric  acid,  it  is  customary  to  add  to  it 
some  neutral  potassium  tartrate  (K2C4H4Ou),  which  precipitates  the  acid  in  the 
form  of  bitartrate.  _ , . 

The  preparation  of  champagne  is  conducted  with  the  greatest  care.  The  juice 
or  must  is  carefully  separated  from  the  marc  or  husks,  and  is  often  mixed  with 
i per  cent,  of  brandy  before  fermentation.  After  about  two  months  the  wine  is 
drawn  off  into  another  cask,  and  clarified  with  isinglass  dissolved  in  white  wine,  * 
and  added  in  the  proportion  of  about  half  an  ounce  to  40  gallons.  This  combines 
with  the  tannin  to  form  an  insoluble  precipitate,  which  carries  with  it  any  im- 
purities floating  in  the  wine.  After  another  interval  of  two  months,  the  wine  is 
again  drawn  off,  and  a second  clarification  takes  place  ; and  in  two  months  more 
the  wine  is  drawn  off  into  bottles  containing  a small  quantity  of  pure  sugar-candy 
dissolved  in  white  wine.  The  bottles,  having  been  securely  corked  and.  wired, 
are  laid  down  upon  their  sides  for  eight  or  ten  months,  during  which  time  the 
fermentation  of  the  newly  added  sugar  takes  place,  and  the  carbonic  acid  pro- 
duced dissolves  in  the  wine,  whilst  a quantity  of  yeast  is  separated.  In  order  to 
render  the  wine  perfectly  clear,  the  bottle  is  left  for  about  three  weeks  in  such  .a 
position  that  the  deposit  may  subside  into  the  neck,  against  the  cork,  which  is 
then  unwired  so  that  the  pressure  of  the  accumulated  carbonic  acid  gas  may  force 
it  out  together  with  the  deposit ; the  bottle  having  been  rapidly  filled  up  with 
white  wine,  is  again  corked,  wired,  covered  with  tin  foil,  and  sent  into  the  market.  - 
Pink  champagne  is  prepared  from  the  must  which  is  squeezed  out  of  the  marc 
after  it  has  ceased  to  run  freely,  and  contains  a little  of  the  colouring  matter  of 
the  husk.  The  colour  is  also  sometimes  imparted  by  adding  a little  tincture  of 

The  proportion  of  alcohol  in  wines  varies  greatly,  as  will  be  seen  from  the 
following  statement  of  the  weight  of  alcohol  in  100  parts  of  the  wine  : 


Sherry  contains  from  1 to  5 per  cent,  of  sugar,  port  from  3 to  7 per  cent.,  and 
Tokay  17  per  cent.  ; in  the  last  case,  the  sugar  is  increased  by  adding  some  of  the 
must'  concentrated  by  evaporation,  to  the  wine  previously  to  bottling. 

The  bouquet  or  fragrance  of  wine  is  due  to  the  presence  of  certain  fragrant 
ethers  ( ethereal  salts ) especially  of  cenanthic,  pelargonic,  and  acetic  ether,  formed 
durino-  the  fermentation  or  during  the  subsequent  storing  of  the  wme.  It  is  to 
the  increased  quantity  of  such  fragrant  ether  that  the  superior  bouquet  of  many 


Port 

Sherry  . 
Champagne  . 


15  to  17 
14  to  16 
n.5 


Claret  . 
Rudesheimer . 


8 to  9 
7 to  8.5 
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Some  varieties  of  British  brandy  and  whisky  are  distilled  from  fermented 
potatoes,  or  from  a mixture  of  potatoes  and  grain,  when  there  distils  over, 
together  with  ordinary  alcohol,  especially  towards  the  end  of  the  distillation, 
another  spirit  belonging  to  the  same  class,  but  distinguished  from  alcohol  by  its 
nauseous  and  irritating  odour.  This  substance,  which  is  known  as  potato -spirit, 
amglic  alcohol , or  f ousel  oil  (C5H120),  also  occurs,  though  in  very  minute  quantity, 
in  genuine  wine  brandy.  The  manufacturers  of  spirit  from  grain  and  potatoes 
remove  a considerable  part  of  this  disagreeable  and  unwholesome  substance  by 
leaving  the  spirit  for  some  time  in  contact  with  wood-charcoal. 

BREAD. 

581.  The  chemistry  of  fermentation  is  intimately  connected  with  the  ordinary 
process  of  bread-making.  It  will  be  remembered  that  wheaten  flour  (p.  701) 
consists,  essentially,  of  starch  and  gluten,  with  a little  dextrin  and  sugar.  On 
mixing  the  flour  with  a little  water,  it  yields  a dough,  the  tenacity  of  which  is  due 
to  the  gluten  present  in  the  flour.  If  this  dough  be  tied  up  in  a piece  of  fine 
muslin,  and  kneaded  under  a stream  of  water,  the  starch  will  be  suspended  in  the 
water,  and  will  pass  through  the  muslin,  whilst  the  gluten  will  remain  as  a very 
tough  elastic  mass,  which  speedily  putrefies  if  exposed  to  the  air  in  a moist  state, 
and  dries  up  to  a brittle  homy  mass  at  the  temperature  of  boiling  water. 

On  analysis,  gluten  is  found  to  contain  carbon,  hydrogen,  nitrogen,  and  oxygen, 
in  proportions  which  may  be  represented  by  the  empirical  formula  C^H^NgO,, 
though  it  cannot  be  regarded  as  a single  independent  substance,  but  as  a mixture 
of  three  substances  very  closely  allied  in  composition. 

When  gluten  is  boiled  with  alcohol,  one  portion  refuses  to  dissolve,  and  has 
been  named  vegetable  fibrin,  from  its  resemblance  to  the  substance  forming  the 
muscles  of  animals.  When  the  solution  in  alcohol  is  allowed  to  cool,  it  deposits 
' a white  flocculent  matter,  very  similar  to  the  casein  which  composes  the  curd  of 
milk.  On  adding  water  to  the  cold  alcoholic  solution,  a third  substance  (glutiri) 
is  separated,  which  much  resembles  the  albumen  found  so  abundantly  in  the 
blood. 

The  presence  in  gluten  of  three  substances,  similar  to  the  three  principal 
components  of  the  animal  body,  leads  us  to  form  a high  opinion  of  its  value  as  a 
nutritive  compound.  But  gluten  itself,  separated  from  the  flour  by  the  process 
above  described,  would  be  found  very  difficult  of  digestion,  on  account  of  its 
resistance  to  the  solvent  action  of  the  fluids  in  the  stomach ; indeed,  the  dough 
composed  of  flour  and  water  is  proverbially  indigestible,  even  when  baked.  In 
order  to  render  it  fit  for  food,  it  must  be  rendered  spongy  or  porous,  so  as  to 
expose  a larger  surface  to  the  action  of  the  digestive  fluids  of  the  body ; the  most 
direct  method  of  effecting  this  is  the  one  adopted  in  the  manufacture  of  the 
aerated  bread,  and  consists  in  mixing  the  flour  with  water  which  has  been  highly 
charged,  under  pressure,  with  carbonic  acid  gas ; the  mixing  having  been  effected 
in  a strong  closed  iron  vessel,  an  aperture  in  the  lower  part  of  this  is  opened, 
when  the  pressure  of  the  accumulated  gas  forces  the  dough  out  into  the  air,  and 
the  gas  which  has  been  imprisoned  in  the  dough  expands,  conferring  great 
porosity  and  sponginess  upon  the  mass  in  its  attempt  to  escape.  In  another 
process  for  preparing  unfermented  bread,  the  flour  is  mixed  with  a little  bi- 
carbonate of  soda,  and  is  then  made  into  a dough  with  water  acidulated  with 
hydrochloric  acid ; the  latter  decomposing  the  bicarbonate  of  soda,  liberates 
carbonic  acid  gas,  which  renders  the  bread  porous.  The  sodium  chloride  formed 
at  the  same  time  remains  in  the  bread.  In  the  preparation  of  cakes  and  pastry, 
the  same  object  is  sometimes  attained  by  adding  carbonate  of  ammonia  to  the 
dough ; when  heat  is  applied  in  the  baking,  the  salt  is  converted  into  vapour 
which  distends  the  dough. 

In  the  common  process  of  bread  making,  however,  the  carbonic  acid  gas 
destined  to  confer  sponginess  upon  the  dough  is  evolved  by  the  fermentation  of 
the  sugar  contained  in  the  flour ; the  latter  having  been  kneaded  with  the  proper 
proportion  (usually  about  half  its  weight)  of  water,  a little  yeast  and  salt  are 
added,  and  the  mixture  is  allowed  to  stand  at  a temperature  of  about  70°  F.  for 
some  hours.  The  dough  swells  or  rises  considerably  in  consequence  of  the  escape 
of  carbonic  acid  gas,  the  sugar  being  decomposed  into  that  gas  and  alcohol,  as  in 
ordinary  fermentation.  The  spongy  dough  is  then  baked  in  an  oven,  heated  to 
about  500°  F.,  when  a portion  of  the  water  and  the  whole  of  the  alcohol  are 
expelled,  the  carbonic  acid  gas  being  also  much  expanded  by  the  heat,  and  the 
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porosity  of  the  bread  increased.  The  granules  of  starch  are  much  altered  by  the 
heat,  and  become  far  more  digestible.  Although  the  temperature  of  the  inside  of 
the  loaf  does  not  exceed  21 2°  F.,  the  outer  portion  becomes  torrefied  or  scorched 
into  crust. 

Occasionally,  instead  of  yeast,  leaven  is  employed,  in  order  to  ferment  the 
sugar,  leaven  being  dough  which  has  been  left  in  a warm  place  until  decomposition 
has  commenced. 

The  passage  of  new  into  stale  bread  does  not  depend,  as  was  formerly  supposed, 
upon  the  drying  of- the  bread  consequent  upon  its  exposure  to  air,  but  is  a true 
molecular  transformation  which  takes  place  equally  well  in  an  air-tight  vessel, 
and  without  any  loss  of  weight.  It  is  well  known  that  when  a thick  slice  of  stale 
bread  is  toasted,  which  dries  it  still  further,  the  crumb  again  becomes  soft  and 
spongy  as  in  new  bread  ; and  if  a stale  loaf  be  again  placed  in  the  oven,  it  is 
entirely  reconverted  into  new  bread. 

Wheaten  flour  is  particularly  well  fitted  for  the  preparation  of  bread  on  account 
of  the  great  tenacity  of  its  gluten.  Next  to  wheat  in  this  respect  stands  rye, 
whilst  the  other  cereals  contain  a gluten  so  deficient  in  tenacity  that  it  is  impos- 
sible to  convert  them  into  good  bread. 

Barley  bread  is  close  and  heavy,  since  its  nitrogenised  matter  is  chiefly  present 
in  the  form  of  albumen,  which  does  not  vesiculate  like  gluten  during  the  fer- 
mentation. Even  in  wheaten  flour  the  tenacity  of  the  gluten  is  liable  to  variation, 
and  in  order  to  obtain  good  bread  from  a flour  the  gluten  of  which  is  inferior  in 
this  respect,  it  is  customary  to  employ  a minute  proportion  of  alum.  This  addi- 
tion being  considered  unwholesome  by  some  persons,  it  would  be  better  to  sub- 
stitute lime-water,  which  has  been  found  by  Liebig  to  have  a similar  effect. 
Sulphate  of  copper  improves  in  a very  striking  manner  the  quality  of  the  bread 
prepared  from  inferior  flour,  but  this  salt  is  far  more  objectionable  than  alum. 


TEA,  COFFEE,  ETC. 

582.  A very  remarkable  instance  of  the  application  of  chemistry  to  explain  the 
use  of  widely  different  articles  of  diet  by  different  nations,  with  a view  to  the 
production  of  certain  analogous  effects  upon  the  system,  is  seen  in  the  case  of 
coffee,  tea,  Paraguay  tea,  and  the  Icola  nut  (of  Central  Africa),  which  are  \ eii 
dissimilar  in  their  sensible  properties,  and  afford  little  or  no  gratification  to  the 
palate,  owing  what  attractions  they  possess  chiefly  to  the  presence,  in  each,  of 
one  and  the  same  active  principle  or  alkaloid,  which  has  a special  effect  upon  the 
animal  economy.  This  alkaloid  is  known  as  caffein  or  thein,  and  is  associated 
in  the  three  articles  of  diet  mentioned  above,  with  various  substances,  which 

give  rise  to  their  diversity  in  flavour.  . . 

The  raw  coffee-berry  presents,  on  the  average,  the  following  composition 

100  parts  of  Maw  Coffee  contain — 

Woody  fibre 

Water 

Fat 

Cane-sugar  and  gum  . 

Legumin,  or  some  allied  substance 

Caffeine 

Caffeic  acid 

Mineral  substances  ...  . 

When  the  raw  berry  is  treated  with  hot  water,  the  infusion  which  contains  the 
sugar  and  gum,  the  legumin,  caffeine,  and  caffeic  acid  (C9H804),  has  none  of  the 
^pniibor  fragrance  which  distinguishes  the  ordinary  beverage,  and  is  due  to  an 

termed  cafeol  (C,H,.0,)  formed  during  the  roast- 
Sg  to  which  the  bmy  is  subjected  before  use.  This  vo  at,  e ml,  which  ,s  present 
• r vnirmfr*  rmnntitv  is  ryrocluced  from  one  of  the  soluble  constituents  of  the 
'Si  caSeic  Sid),  for  if  the  infusion  of  raw  coffee  be  erupt,- 
rated  to  dryness,  the  residue,  when  heated,  acquires  the  characteristic  odour  of 

"2S.“ and'palmitic  acids  are  also  found  among  the  odg. ™ 

The  rnastimr  is  effected  in  ovens  at  a temperature  rather  below  400  nen 

the  berry^swehsgreatty,  and  loses  about  Jth  of  its  f omlS 

easily  g/ound  to  powder.  It  afc0 .becomes  very  mu  • 

conversion  of  the  greater  part  of  its  sugar  into  ca -ramei  IP-  °44A  • J f 

the  dark  brown  colour  to  the  infusion  of  coffee.  If  the  roasting 
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far,  a very  disagreeable  flavour  is  imparted  to  the  coffee  by  the  action  of  heat 
upon  the  lcgumin  and  other  nitrogenised  substances  contained  in  the  berry. 

From  100  parts  of  the  roasted  coffee,  boiling  water  extracts  about  20  parts, 
consisting  of  caffeine,  caffeic  acid,  caramel,  legumin,  a little  suspended  fatty 
matter,  fragrant  volatile  oil  (caffeone),  and  salts  of  potassium  (especially  the  phos- 
phate). The  undissolved  portion  of  the  coffee  contains,  beside  the  woody  fibre,  a 
considerable  quantity  of  nitrogenised  (and  nutritious)  matter,  and  hence  the 
custom,  in  some  countries,  of  taking  this  residue  together  with  the  infusion. 

The  constituents  of  the  leaves  of  the  tea-plant  ( Thea  sinensis')  exhibit  a general 
similarity  to  those  of  the  coffee-berry.  In  the  fresh  leaf  we  find,  in  addition  to 
the  woody  fibre,  a large  quantity  of  a substance  containing  nitrogen,  similar  to 
legumin,  an  astringent  acid  similar  to  tannic  acid,  a small  quantity  of  caffeine,  and 
some  mineral  constituents. 

The  aroma  of  tea  does  not  belong  to  the  fresh  leaf,  but  is  produced,  like  that 
of  coffee,  during  the  process  of  drying  by  heat,  which  develops  a small  quantity 
of  a peculiar  volatile  oil,  having  powerful  stimulating  properties.  The  freshly 
dried  leaf  is  comparatively  so  rich  in  this  oil  that  it  is  not  deemed  advisable  to 
use  it  until  it  has  been  kept  for  some  time. 

Green  and  black  tea  are  the  produce  of  the  same  plant,  the  difference  being 
caused  by  the  mode  of  preparation.  For  green  tea  the  leaves  are  dried  over  a 
lire  as  soon  as  they  are  gathered,  whilst  those  intended  for  black  tea  are  allowed 
to  remain  exposed  to  the  air  in  heaps  for  several  hours,  and  are  then  rolled  with 
the  hands  and  partially  dried  over  a fire,  these  processes  being  repeated  three  or 
four  times  to  develop  the  desired  flavour.  The  black  colour  appears  to  be  due  bo 
the  action  of  the  air  upon  the  tannin  present  in  the  leaf. 

Boiling  water  extracts  about  30  parts  of  soluble  matter  from  100  of  black  tea, 
and  36  from  100  of  green  tea.  The  principal  constituents  of  the  infusion  of  tea 
are  tannin,  aromatic  oil,  of  which  green  tea  contains  about  0.8  and  black  tea  0.6 
per  cent.,  and  caffeine,  the  proportion  of  which,  in  the  dried  leaf,  varies  from 
2.2  to  4.1  per  cent.,  being  present  in  larger  quantity  in  green  tea. 

The  spent  leaves  contain  the  greater  part  of  the  legumin  and  a considerable 
quantity  of  caffeine,  which  may  be  extracted  by  boiling  them  with  water,  and 
treating  the  decoction  as  at  p.  600. 

Cocoa  and  chocolate  are  prepared  from  the  cacao-nut,  which  is  fhe  seed  of 
Theobroma  cacao , and  is  characterised  by  the  presence  of  more  than  half  of  its 
weight  ( minus  the  husk)  of  a fatty  substance  known  as  cacao-butter,  and  consist- 
ing of  olein  and  stearin,  which  does  not  become  rancid  like  the  natural  fats 
generally.  The  cacao -nut  also  contains  a large,  quantity  of  starch,  a nitrogenised 
substance  resembling  gluten,  together  with  gum,  sugar,  and  theobromine,  a feeble 
base  very  similar  to  caffeine,  but  having  the  composition  C?TIaN402. 

The  seeds  are  allowed  to  ferment  in  heaps  for  a short  time,  which  improves 
their  flavour,  dried  in  the  sun  and  roasted  like  coffee,  which  develops  the  peculiar 
aroma  of  cocoa.  The  roasted  beans  having  been  crushed  and  winnowed  to 
separate  the  husks,  are  ground  in  warm  mills,  in  which  the  fatty  matter  melts 
and  unites  with  the  ground  beans  to  a paste,  which  is  mixed  with  sugar  and 
pressed  into  moulds.  In  the  preparation  of  chocolate,  vanilla  and  spices  are  also 
added. 

From  the  composition  of  cocoa  and  chocolate  it  is  seen  that  when  consumed, 
as  is  usual,  in  the  form  of  a paste,  they  would  prove  far  more  nutritious  than  mere 
infusions  of  tea  and  coffee. 


ANIMAL  CHEMISTRY. 

5S3.  Our  acquaintance  with  the  chemistry  of  the  substances  composing  the 
bodies  of  animals  is  still  very  limited,  although  the  attention  of  many  accom- 
plished investigators  has  been  directed  to  this  branch  of  the  science.  The  reasons 
for  this  are  to  be  found,  firstly,  in  the  susceptibility  to  change  exhibited  by 
animal  substances,  when  removed  from  the  influence  of  life  ; and  secondly,  in  the 
absence,  in  such  substances,  of  certain  physical  properties  by  which  we  might  be 
enabled  to  separate  them  from  other  bodies  with  which  they  are  associated,  and 
to  verify  their  purity  when  obtained  in  a separate  state.  Two  of  the  most  im- 
portant of  these  properties  are  volatility  and  the  tendency  to  crystallise.  When  a 
substance  can  suffer  distillation  without  change,  it  will  be  remembered  that  its 
boiling-point  affords  a criterion  of  its  purity  ; or  if  it  be  capable  of  crystallising, 
this  may  be  taken  advantage  of  in  separating  it  from  other  substances  wliiuh 
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crystallise  more  or  less  easily  than  itself,  and  its  purity  may  be  ascertained  from 
the  absence  of  crystals  of  any  other  form  than  that  belonging  to  the  substance. 
But  the  greater  number  of  the  components  of  animal  frames  can  neither  be  crys- 
tallised nor  distilled,  so  that  many  of  the  analyses  which  have  been  made  of  such 
substances  differ  widely  from  each  other,  because  the  analyst  could  never  be  sure 
of  the  perfect  purity  of  his  material;  and  even  when  concordant  results  have 
been  obtained  as  to  the  percentage  composition  of  the  substance,  the  formula 
deduced  from  it  has  been  of  so  singular  and  exceptional  a character  as  to  cast 
very  strong  suspicion  upon  the  purity  of  the  substance. 

Accordingly,  the  chemical  formulae  of  a great  many  animal  substances  are  per- 
fectly unintelligible,  conveying  not  the  least  information  as  to  the  position  in 
which  the  compound  stands  with  respect  to  other  substances,  or  the  changes 
which  it  might  undergo  under  given  circumstances. 

The  extraordinary  formulae,  for  example,  deduced  from  the  ultimate  analysis  of 
albumen,  C^H^N^SO^,  and  casein,  CH4H.,28N3b045S,  cannot  be  referred  to  any 
known  type,  and  refuse  to  be  classed  with  other  substances. 

Animal  chemistry  is,  for  the  above  reasons,  in  a very  backward  condition,  as 
compared  with  vegetable  and  mineral  chemistry,  though  an  observation  of  the 
progress  of  research  affords  us  the  consolation,  that  a steady  advance  is  being 
made  towards  a generalisation  of  the  facts  which  have  been  discovered,  especially 
by  analogical  reasoning  from  those  two  other  departments  of  the  science. 

584.  Milk. — The  chemistry  of  milk  is  well  adapted  to  introduce  the  study  of 
animal  chemistry,  because  that  liquid  contains  representatives  of  all  the  sub- 
stances which  make  up  the  animal  frame  ; and  it  is  on  this  account  that  it 
occupies  so  high  a position  among  articles  of  food. 

Although,  to  the  unaided  eye,  milk  appears  to  be  a perfectly  homogeneous  fluid, 
the  microscope  reveals  the  presence  of  innumerable  globules  floating  in  a trans- 
parent liquid,  which  is  thus  rendered  opaque.  If  milk  be  very  violently  agitated 
for  several  hours,  masses  of  an  oily  fat  (butter,  p.  697  ) are  separated  from  it,  and 
leave  the  liquid  transparent.  This  fat  was  originally  distributed  throughout  the 
milk,  in  minute  globules  enclosed  in  very  thin  membranes  which  were  torn  by 
the  violent  agitation,  and  the  fatty  globules  then  cohered  into  larger  masses. 

For  the  preparation  of  butter,  it  is  usual  to  allow  the  milk  to  stand  for  some 
hours,  when  a layer  of  cream  collects  upon  the  surface,  the  proportion  of  which  is 
very  variable,  but  is  generally  about  xj-th  of  the  volume  of  the  milk.*  The 
skimmed  milk  retains  about  half  of  the  fatty  matter.  This  cream  contains  about 
5 per  cent,  (by  weight)  of  fat,  3 per  cent,  of  casein,  and  water.  When  the  cream 
is  churned,  the  enclosing  membranes  of  the  fat  globules  are  broken,  and  the  fat 
unites  into  a semi-solid  mass  of  butter,  from  which  the  butter-milk  containing 
the  casein  may  be  separated.  If  this  be  not  done  effectually,  the  casein  which 
is  left  in  the  butter,  being  a nitrogenised  substance,  will  soon  begin  to  decompose, 
and  will  induce  a decomposition  in  the  butter  (p.  697),  resulting  in  the  formation 
of  certain  volatile  acids,  which  impart  to  it  a rancid  and  offensive  taste  and  odour. 
To  prevent  this,  salt  is  generally  added  to  butter  which  has  been  less  careful  y 
prepared,  in  order  to  preserve  the  casein  from  decomposition.  Butter-milk  con- 
tains about  one-fourth  of  the  fatty  matter  of  the  milk. 

Pure  butter  is  essentially  a mixture  of  margarin  and  olein  with  smaller  quan- 
tities of  other  fats,  such  as  butyrin,  caprin,  and  caproin  (p.  697)- 

Fresh  milk  is  slightly  alkaline  to  test-papers,  but  after  a short  time  it  acqunes 
an  acid  reaction  ; and  if  it  be  then  heated,  it  coagulates  from  the  separation  ot 
the  casein.  This  spontaneous  acidification  of  milk  is  caused  by  the  fermentation 
of  the  suqar  of  milk,  which  results  in  the  production  of  lactic  acid. 

If  milk  be  maintained  at  a temperature  of  about  90°  F.,  the  fermentation  results 
in  the  production  of  alcohol  and  carbonic  acid,  for  although  milk-sugar  is  not 
fermented  like  ordinary  sugar  by  contact  with  yeast,  it  appears,  under  tlie 
influence  of  the  changing  casein  at  a favourable  temperature,  to  be  converted 
first  into  grape-sugar  (p.  647),  and  afterwards  . into  alcohol  and  cai  0111c  acic . 
The  Tartars  prepare  an  intoxicating  liquid  winch  they  call  koumiss,  by  the  lei- 

mentation  of  milk.  , . • 

When  an  acid  is  added  to  milk,  the  casein  is  separated  in  the  form  ot  curd  in 
consequence  of  the  neutralisation  of  the  soda  which  retains  it  disso  ' cc  in  1 es  1 

* The  separation  of  cream  is  now  effected,  in  largo  dairies,  by  means  of  a centrifugal 
separator  making  several  thousand  revolutions  per  minute. 
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milk,  and  tills  curd  carries  with  it,  mechanically,  the  fat  globules  of  the  milk, 

leaving  a clear  vellow  whey.  . , 

In  the  preparation  of  cheese,  the  milk  is  coagulated  by  means  of  rennet,  which 
is  prepared  from  the  lining  membrane  of  a calf’s  stomach.  This  is  left  in  contact 
with  the  warm  milk  for  some  hours,  until  the  coagulation  is  completed,  this 
action  of  rennet  upon  milk  depends  upon  the  presence  of  certain  microscopic 
organisms.  The  curd  is  collected  and  pressed  into  cheeses,  which  axe  allow  ed  to 
ripen  in  a cool  place,  where  they  are  occasionally  sprinkled  with  salt,  ilie 
peculiar  flavour  which  the  cheese  thus  acquires  is  due  to  the  decomposition  of  the 
casein  giving  rise  to  the  production  of  certain  volatile  acids,  such  as  butjnc, 
valerianic,  and  caproic,  which  have  very  powerful  and  characteristic  odours.  11 
this  ripening  be  allowed  to  proceed  very  far,  ammonia  is  developed  bv  the  putre- 
faction  of  the  casein,  and  in  some  cases  the  ethers  of  the  above-mentioned  acids 
are  produced,  at  the  expense  probably  of  a little  sugar  of  milk  left  in  the  cheese, 
conferring  the  peculiar  aroma  perceptible  in  some  varieties  of  it. 

The  different  kinds  of  cheese  are  dependent  upon  the  kind  of  milk  used  in  then 
preparation,  the  richer  cheeses  being,  of  course,  obtained  from  milk  containing  a 
large  proportion  of  cream ; such  cheese  fuses  at  a moderate  heat,  and  makes  gooe 
toasted  cheese,  whilst  that  which  contains  little  butter  never  fuses  completely, 
but  dries  and  shrivels  like  leather.  Double  Gloucester  and  Stilton  are  made  from 
a mixture  of  new  milk  and  cream  ; Cheddar  cheese  is  made  from  new  milk  alone. 
Cheshire  and  American  cheeses,  from  milk  robbed  of  about  one-eighth  ol  its 
cream.  Dutch  cheese  and  the  Skim  Dick  of  the  midland  counties,  fiom  skimmed 

^The  characteristic  constituents  of  milk  are  the  casein  and  milk-sugar,  but  the 
proportions  in  which  these  are  present  vary  widely  not  only. with  the  animal  Horn 
which  the  milk  is  obtained,  but  with  the  food  and  condition  of  the  animal.  A 
o-eneral  notion  of  their  relative  quantities,  however,  may  be  gathered  from  the 

*?.  , , . i _•!  ‘j-i J-1-  „ nnnlircoc  morlo  VlV  P.A11  n CTH 11 1 t ! 


Cow. 

Ass. 

Goat. 

Woman. 

Water  . 

87.4 

90-5 

82.0 

S8.4 

Butter . 

4.0 

I 4 

4-5 

2-5 

Milk-sugar  . 
Soluble  salts 

■ 

5-o 

6.4 

4-5 

4-8 

Casein 

Insoluble  salts 

3-6 

i-7 

9.0 

.3.8 

The  soluble  salts  present  in  miiK  lnciucie  me  pno^piiaiea  cum 
potassium  and  sodium,  whilst  the  insoluble  salts  are  the  phosphates  of  calcium, 
magnesium,  and  iron.  All  these  salts  are  in  great  request  for  the  nourishment  ot 

the  animal  frame.  . • i 1 1 

The  milk  supplied  to  consumers  living  in  towns  is  subject  to  considerable 
adulteration;  but  in  most  cases  this  is  effected  by  simply  removing  the  cream  and 
diluting  the  skimmed  milk  with  water,  a fraud  which  is  not  easily  detected,  as 
might  be  supposed,  by  determining  the  specific  gravity  of  the  milk,  for  since 
milk  is  heavier  than  water  (1-032  sp.  gr.),  and  the  fatty  matter  composing  cream 
is  lighter  than  water,  a certain  quantity  of  cream  might  be  removed,  and  water 
added,  without  altering  the  specific  gravity  of  the  milk.  ... 

The  simplest  method  of  ascertaining  the  quality  of  the  milk  consists  in  setting 
it  aside  for  twenty-four  hours  in  a tall  narrow  tube  (lactometer  or  creamometer) 
divided  into  ioo  equal  parts,  and  measuring  the  proportion  of  cream  which 
separates,  this  averaging,  in  pure  milk,  from  eleven  to  thirteen  divisions.  -Lhe 
measurement  of  the  cream  is  effected  in  fifty  minutes  by  using  a centrifugal 
separator,  in  which  the  tube  containing  the  milk  is  placed  in  a case  attached  to 
a centrifugal  apparatus  making  1200  revolutions  per  minute.  By  shaking  milk 
with  a little  potash  (to  dissolve  the  membrane  which  envelopes  the  fat  globules) 
and  ether,  the  butter  may  be  dissolved  in  the  ether  which  rises  to  the  surface,  and 
if  this  be  poured  off  and  allowed  to  evaporate,  the  weight  of  the  butter  may  be 
ascertained  ; or  the  milk  may  be  evaporated  by  a steam  heat,  and  the  fat  dissolved 
by  treating  the  residue  with  ether.  The  amount  of  fat  is  sometimes  found  by 
taking  the  specific  gravity  of  the  ethereal  solution,  and  referring  to  a table  giving 
the  corresponding  quantity  of  fat.  One  thousand  grains  of  milk  should  give,  at 
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least,  27  or  28  grains  of  butter.  Since,  however,  the  milk  of  the  same  cow  gives 
very  different  quantities  of  cream  at  different  times,  it  is  difficult  to  state  confi- 
dently that  adulteration  has  been  practised.  The  standard  usually  adopted  by 
analysts  is  25  grains  of  fat  or  butter  and  90  grains  of  “ solids  not  fat  ” in  1000 
grains  of  milk. 

585.  Blood. — The  blood  from  which  the  various  organs  of  the  body  directly 
receive  their  nourishment  is  the  most  important,  as  well  as  the  most  complex,  of 
the  animal  fluids.  Its  chemical  examination  is  attended  with  much  difficulty,  on 
account  of  the  rapidity  with  which  it  changes  after  removal  from  the  body  of  the 
animal. 

On  examining  freshly  drawn  blood  under  the  microscope,  it  is  observed  to  pre- 
sent some  resemblance  to  milk  in  its  physical  constitution,  consisting  of  opaque 
flattened  globules  floating  in  a transparent  liquid ; the  globules,  in  the  case  of 
blood,  having  a well-marked  red  colour. 

In  a few  minutes  after  the  blood  has  been  drawn,  it  begins  to  assume  a gela- 
tinous appearance,  and  the  semi-solid  mass  thus  formed  separates  into  a red  solid 
portion  or  clot,  which  continues  to  shrink  for  ten  or  twelve  hours,  and  a clear 
yellow  liquid  or  serum.  It  might  be  supposed  that  this  coagulation  is  due  to  the 
cooling  of  the  blood,  but  it  is  found  by  experiment  to  take  place  even  more 
rapidly  when  the  temperature  of  the  blood  is  raised  one  or  two  degrees  after  it 
has  been  drawn  ; and  on  the  other  hand,  if  it  be  artificially  cooled,  its  coagula- 
tion is  retarded.  Indeed,  the  reason  for  this  remarkable  behaviour  of  the  blood 
is  not  yet  understood. 

If  the  coagulum  or  clot  of  blood  be  cut  into  slices,  tied  in  a cloth,  and  well 
washed  in  a stream  of  water,  the  latter  runs  off  with  a bright  red  colour,  and  a 
tough  yellow  filamentous  substance  is  left  upon  the  cloth  ; this  substance  is  called 
fibrin,  and  its  presence  is  the  proximate  cause  of  the  coagulation  of  the  blood, 
for  if  the  fresh  blood  be  well  whipped  with  a bundle  of  twigs  or  glass  rods,  the 
fibrin  will  adhere  to  them  in  yellow  strings,  and  the  defibrinated  blood  will  no 
longer  coagulate  on  standing.  If  this  blood,  from  which  the  fibrin  has  been  ex- 
tracted, be  mixed  with  a large  quantity  of  a saline  solution  (for  example,  8 times 
its  bulk  of  a saturated  solution  of  sodium  sulphate),  and  allowed  to  stand,  the 
red  globules  subside  to  the  bottom  of  the  vessel. 

These  globules  are  minute  bags  of  red  fluid,  enclosed  in  a very  thin  membrane 
or  cell-wcdl,  and  if  water  were  mixed  with  the  defibrinated  blood,  since  its  specific 
gravity  is  lower  than  that  of  the  fluid  in  the  globules,  it  would  pass  through  the 
membrane  (by  endosmose),  and  so  swell  the  latter  as  to  break  it  and  disperse  the 
contents  through  the  liquid. 

The  red  fluid  contained  in  these  blood  globules  consists  of  an  aqueous  solution, 
containing  as  its  principal  constituents  a substance  known  as  globulin,  which 
very  nearly  resembles  albumen,  and  the  peculiar  colouring  matter  of  the  blood, 
which  is  called  hcematin. 

Beside  these,  the  globides  contain  a little  fatty  matter  and  certain  mineral  con- 
stituents, especially  the  iron  (which  is  associated  in  some  unknown  form  with  the 
colouring  matter),  the  chlorides  of  sodium  and  potassium,  and  the  phosphates  of 
potassium,  sodium,  calcium,  and  magnesium. 

Though  the  quantities  of  these  constituents  are  not  invariable,  even  in  the  same 
individual,  the  following  numbers  may  be  taken  as  representing  the  average  com- 
position of  these  globules  : — 

1000  parts  of  Blood  Globules  contain — 


Water 

Globulin 

Hasmatin 

Fat 


. 688.00 
. 282.22 

• 16.75 

2.31 


Organic  substances  of  unknown ) 2 
nature  . . . ) 

Mineral  substances*  . . .8.12 


The  mineral  substances  consist  of — 


Potassium  . 

3’32§ 

Phosphoric  oxide  (P.,05) 

I-I34 

Sodium 

1.052 

Chlorine 

1.686 

Oxygen 0.667 

Calcium  phosphate  . . 0.114 

Magnesium  phosphate  . . 0.073 

Sulphuric  oxide  (S03)  . . 0.066 


The  liquid  in  which  the  blood  globules  float  is  an  alkaline  solution  containing 
albumen,  fibrin,  and  saline  matters  in  about  the  proportions  here  indicated. 


* Exclusive  of  the  iron  which  is  associated  with  the  hrcmatiu. 
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1 000  parts  of  Liquor  Sanguinis  contain — 


Water  . 

. 902.90 

Organic  substances  of  un-) 

1.  QA 

Albumen 

78.84 

known  nature  . . J 

Fibrin  . 

4.05 

Mineral  substances 

8-55 

Fat 

1.72 

The  Mineral  substances  consist  of- — 

Sodium 

• 3-341 

Phosphoric  oxide  (P205) 

0.191 

Chlorine 

• 3-644 

Sulphuric  oxide  (SOs)  . 

0.115 

Potassium  . 

• 0.323 

Calcium  phosphate 

0.311 

Oxygen 

. 0.403 

Magnesium  phosphate  . 

0.222 

The  alkaline  character  of  this  liquid  appears  to  be  due  to  the  presence  of  car- 
bonate and  phosphate  of  sodium. 

586.  Flesh. — The  fibrin  composing  muscular  flesh  contains  about  three- 
fourths  of  its  weight  of  water,  a part  of  which  is  due  to  the  blood  contained  in 
the  vessels  traversing  it,  and  another  part  to  the  juice  of  flesh,  which  may  be 
squeezed  out  of  the  chopped  flesh.  In  this  juice  of  flesh  there  are  certain  sub- 
stances which  appear  to  play  a very  important  part  in  nutrition.  The  liquid  is 
distinctly  acid,  which  is  remarkable  when  the  alkaline  character  of  the  blood  is 
considered,  and  contains  phosphoric,  lactic,  and  butyric  acid,  together  with 
kreatine  (p.  674)  inosite  (p.  649)  and  saline  matters.  By  soaking  minced  flesh  in 
cold  water  and  well  squeezing  it  in  a cloth,  a red  fluid  is  obtained  containing  the 
juice  of  flesh  mixed  with  a little  blood. 

The  saline  constituents  of  the  juice  of  flesh  are  chiefly  phosphates  of  potassium 
and  magnesium,  with  a little  chloride  of  sodium.  It  is  worthy  of  notice  that 
potassium  is  the  predominant  alkali-metal  in  the  juice  of  flesh,  whilst  sodium 
predominates  in  the  blood,  especially  in  the  serum. 

According  to  Liebig,  the  acidity  of  the  juice  of  flesh  is  chiefly  due  to  the  acid 
phosphate  of  potassium,  KH2P04,  whilst  the  alkalinity  of  the  blood  is  caused  by 
sodium  phosphate,  Na,,HPO., ; and  it  has  been  suggested  that  the  electric  currents 
which  have  been  traced  in  the  muscular  fibres  are  due  to  the  mutual  action 
between  the  acid  juice  of  flesh  and  the  alkaline  blood,  separated  only  by  thin 
membranes  from  each  other,  and  from  the  substance  of  the  muscles  and  nerves. 

The  average  composition  of  flesh  may  be  represented  as  follows : — 


Water 78 

Fibrin,  vessels,  nerves,  cells,  &c.  . . . 17 

Albumen  ........  2.5 

Other  constituents  of  the  juice  of  flesh  . . 2.5 


100.0 

Liebig's  extract  of  meat  is  prepared  by  exhausting  all  the  soluble  matters  from 
the  flesh  with  cold  water,  separating  the  albumen  by  coagulation,  and  evaporating 
the  liquid  at  a steam  heat  to  a soft  extract.  It  contains  about  half  its  weight  of 
water,  40  per  cent,  of  the  organic  constituents  of  the  juice  of  flesh  (albumen 
excepted),  and  10  per  cent,  of  saline  matter. 

Cooking  of  meat. — A knowledge  of  the  composition  of  the  juice  of  flesh  explains 
the  practice  adopted  in  boiling  meat,  of  immersing  it  at  once  in  boiling  water, 
instead  of  placing  it  in  cold  water,  which  is  afterwards  raised  to  the  boiling- 
point.  In  the  latter  case,  the  water  would  soak  into  the  meat,  and  remove  the 
important  nutritive  matter  contained  in  the  juice ; whilst,  in  the  former,  the 
albumen  in  the  external  layer  of  flesh  is  at  once  coagulated,  and  the  water  is 
prevented  from  penetrating  to  the  interior.  In  making  soup,  of  course,  the 
opposite  method  should  be  followed,  the  meat  being  placed  in  cold  water,  the 
temperature  of  which  is  gradually  raised,  so  that  all  the  juice  of  flesh  may  be 
extracted  and  the  muscular  fibre  and  vessels  alone  left. 

The  object  to  be  attained  in  the  preparation  of  beef-tea,  is  the  extraction  of  the 
whole  of  the  soluble  matters  from  the  flesh,  to  effect  which  the  meat  should  be 
minced  as  finely  as  possible,  soaked  for  a short  time  in  an  equal  weight  of  cold 
water,  and  slowly  raised  to  the  boiling  point,  at  which  it  is  maintained  for  a few 
minutes.  The  liquid  strained  from  the  residual  fibrin  contains  all  the  constituents 
of  the  juice  except  the  albumen,  which  has  been  coagulated. 

When  meat  is  roasted,  the  internal  portions  do  not  generally  attain  a suf- 
ficiently high  temperature  to  coagulate  the  albumen  of  the  juice,  but  the  outside 
is  heated  far  above  212°  F. ; so  that  the  meat  becomes  impregnated  to  a greater 
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extent  with  the  melted  fat,  and  some  of  the  constituents  of  the  juice  in  this  part 
suffer  a change,  which  gives  rise  to  the  peculiar  flavour  of  roast  meat.  The  brown 
sapid  substance  thus  produced  has  been  called  osmazome,  but  nothing  is  really- 
known  of  its  true  nature.  In  salting  meat,  for  the  purpose  of  preserving  it,  a 
great  deal  of  the  juice  of  flesh  oozes  out,  and  a proportionate  loss  of  nutritive 
matter  is  sustained. 

587.  Urine  always  contains  a large  proportion  of  alkaline  and  earthy  salts, 
especially  of  sodium  chloride,  phosphate  and  sulphate  of  potassium,  and  phos- 
phates of  calcium,  magnesium,  and  ammonium. 

The  average  composition  of  human  urine  may  be  thus  stated — 


Water 

956.80 

Urea  ....... 

1423 

Uric  acid 

0-37 

Mucus  ....... 

0.16 

Hippuric  acid,  kreatinine,  ammonia,  colouring  matter, 

j-  15-03 

and  unknown  organic  matters 

Chloride  of  sodium  .... 

7.22 

Phosphoric  oxide  (P._,05)  .... 

2.12 

Potash  ....... 

i-93 

Sulphuric  oxide  (S03)  .... 

1.70 

Lime  ....... 

0.21 

Magnesia 

0.12 

Soda 

0.05 

999.94 

CHEMISTRY  OF  VEGETATION. 


588.  The  ultimate  elements  of  plants,  that  is,  the  substances  with  which  plants 
must  be  supplied  in  one  form  or  other,  to  sustain  their  growth,  are  carbon, 
hydrogen,  nitrogen,  oxygen,  sulphur,  phosphorus,  chlorine,  silicon,  potassium, 
sodium,  calcium,  magnesium,  iron,  manganese. 

Of  these,  the  carbon,  hydrogen,  nitrogen,  oxygen,  sulphur,  and  phosphorus  are 
grouped  together  to  form  the  various  organic  compounds  furnished  by  plants,  the 
remaining  elements  being  arranged  generally  in  the  following  forms  : — 

Chlorides  and  silicates  of  potassium  and  sodium,  calcium  sulphate,  phosphates 
of  iron  (manganese  ?),  calcium,  magnesium,  and  ammonium,  organic  salts  of 
potassium,  sodium,  and  calcium. 

Plants  are  capable  of  receiving  food,  either  in  the  form  of  gas  through  the 
instrumentality  of  their  leaves,  or  in  solution  by  their  roots. 

The  carbon,  which  is  their  most  important  constituent  as  regards  quantity,  is 
taken  up  in  the  form  of  carbonic  acid  gas  by  both  these  organs  of  the  plant. 
This  carbonic  acid  is  derived  either  from  the  surrounding  atmosphere,  or  from 
the  decay  of  the  organic  matters  contained  in  the  soil  which  surrounds  the  loots 


of  the  plant. 

The  hydrogen  is  derived,  partly  from  water,  and  partly  from  the  ammonia 
which  is  carried  down  to  the  roots  of  the  plant  by  rain,  or  is  evolved  in  the  putre- 
faction and  decay  of  the  nitrogenised  organic  matters  of  the  soil.  The  ammonia 
also  forms  one  great  source  of  the  nitrogen  in  plants,  another  being  the  nitric  or 
nitrous  acid,  which  is  either  brought  down  by  the  rain,  or  formed  within  the  soi 
by  the  nitrification  of  the  ammonia  (page  132).  It  has  been  proved  that  atmo- 
spheric nitrogen  itself  is  absorbed  by  carbohydrates  such  as  sugar  and  cellulose 
when  mixed  with  alkaline  substances,  as  well  as  by  growing  fungi,  decaying  u ood, 
and  arable  soils.  As  to  the  oxygen,  it  is  obtained  both  from  the  carbonic  acid 
and  water,  which  contain  this  element  in  larger  proportion  than  is  ever  present 
in  any  vegetable  product.  The  sulphur  and  phosphorus  contained  111  the  oigamc 
parts  of  the  plant  appear  to  be  chiefiy  derived  from  the  sulphates  and  phosphates 
of  the  soil.  The  chlorine,  silicon,  and  the  metals  are  derived  from  the  mineial 

constituents  of  the  soil.  .,  - 

It  is  not  difficult  to  imagine  the  course  of  formation  of  a fertile  soil  Horn  a 
primary  rock  (of  granite,  for  example)  under  the  influence  of  the  atmosphere  and 

rain,  exerted  through  a very  long  period.  . fPismr 

It  will  be  remembered  that  granite  consists  essentially  of  quaitz 
(silicate  of  aluminium  and  potassium  or  sodium),  and  mica  (silica  cs  ’ 

iron,  potassium,  and  magnesium) ; in  addition  to  these,  there  y y 
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found  in  granite  minute  quantities  of  calcium  phosphate,  of  sulphates,  of  chlorides, 

By  the  disintegration  of  such  rock  under  the  action  of  air  and  moisture  (page 
SB, 'a  soil  will  be  formed  containing  the  various  mineral ! substances  required  tor 
the  food  of  the  plant.  If  now,  upon  the  thin  layer  of  soil  thus  formed  over 
the  face  of  the  rock,  some  seeds  of  the  lower  orders  of  plants,  the  lichens,  for 
instance,  be  deposited,  they  will  grow  and  fructify,  deriving  their  carbon  hydro- 
gen. nitrogen,  and  oxygen  from  the  air  and  ram,  and  their  mineral  constituents 
from  the  soil.  The  death  of  these  lichens  would  add  new  elements  of  feitility 
to  the  soil,  in  the  shape  of  the  food  which  they  had  condensed  from  the  air,  ana 
of  the  saline  ingredients  which  had  been  converted  within  their  organisation  m o 
forms  better  suited  to  sustain  the  higher  orders  of  plants.  Given,  then,  the  seeds 
of  a higher  vegetation,  a similar  process  may  be  supposed  to  take  place,  ana  a, 
length  animals  would  be  attracted  to  the  spot  by  a prospect  of  vegetable  food, 
and  by  transporting  to  it  elements  which  they  had  derived  from  other  sources, 
would  eventually  confer  upon  it  the  highest  fertility.  The  soil  then  coming 
under  tillage,  the  crops  raised  upon  it  are  consumed  by  animals  and  removed  to  a 
distance,  so  that  the  mineral  food  contained  in  the  soil  is  by  degrees  exhausted, 
and  unless  it  is  restored  the  soil  becomes  barren. . _ . 

To  restore  its  fertility  is  the  object  of  manuring,  which  consists  in  adding  to 
the  soil  some  substance  which  shall  itself  serve  directly  as  food  for  the  plant,  or 
shall  so  modify,  by  chemical  action,  some  material  already  present  in  the  soil,  as 
to  convert  it  into  a state  in  which  the  plant  may  take  advantage  of  it. 

As  examples  of  substances  which  are  added  as  direct  food  for  plants,  may  be 
enumerated : — 

(1)  The  ashes  of  peat,  turf,  coal,  &c.,  which  furnish  the  mineral  substances 
originally  obtained  from  the  soil  by  the  vegetables  from  which  these  materials 


were  formed.  _ 

(2)  Gypsum,  or  calcium  sulphate,  and  magnesium  sulphate,  which  appear  to  be 
valuable  not  only  as  sources  of  sulphur,  calcium,  and  magnesium,  but  because 
they  are  capable  of  decomposing  the  ammonium  carbonate,  which  is  either  brought 
down  by  rain  or  evolved  by  putrefaction  in  the  soil,  and  of  converting  it  into  am- 
monium sulphate,  which  is  retained  in  the  soil,  whereas  the  carbonate,  being  a 
volatile  salt,  would  be  again  exhaled  into  the  air  and  lost  to  the  plants. 

(3)  Phosphate  of  lime  (calcium  phosphate),  or  bone-ash,  which  is  most  com- 
monly converted  into  the  soluble  superphosphate  (page  221),  by  treatment  with 
sulphuric  acid,  before  being  employed  as  a manure. 

(4)  Sodium  chloride,  or  common  salt,  serves  as  a source  of  sodium,  for  in 
contact  with  the  calcium  carbonate,  which  is  found  in  all  fertile  soils,  it  is  partly 
converted  into  sodium  carbonate,  which  may  in  turn  be  converted  into  sodium 
silicate,  or  any  other  salt  of  sodium  necessary  to  the  growth  of  the  plant. 

(5)  Sodium  nitrate  (Peruvian  nitre)  is  held  to  be  of  great  service  in  some  cases, 
as  yielding  both  sodium  and  nitrogen  in  a form  serviceable  to  the  plant. 

(6)  The  silicates  of  potassium  and  sodium,  which  are  especially  useful  to  crops 
containing,  like  the  cereals,  a considerable  proportion  of  silica  in  their  stems  , 
since,  although  that  substance  is  contained  in  abundance  in  all  soils,  it  is  not 
available  for  the  plant  unless  converted  into  a soluble  state  by  combination  with 


an  alkali.  _ 

(7)  Sulphate  of  ammonia  (derived  from  the  gas-works)  is,  of  course,  usetul  both 

for  its  sulphuric  acid  and  ammonia. 

(8)  Plants,  or  parts  of  plants,  ploughed  into  a soil,  would  obviously  furnish  food 
for  other  plants  by  their  gradual  putrefaction  and  decay. 

(9)  Bones,  which  furnish  carbonic  acid  and  ammonia  by  the  putrefaction  of 
their  gelatinous  matter,  as  well  as  a large  supply  of  phosphate  of  lime. . 

(10)  Urine,  yielding  much  ammonium  carbonate  by  the  decomposition  of  the 
urea  and  uric  acid,  and  an  abundance  of  the  phosphates  and  other  saline  matters 
required  by  the  plant. 

(11)  Solid  excrements  of  various  animals,  containing  the  insoluble  salts  (espe- 
cially phosphates)  of  the  animal’s  food,  as  well  as  easily  putrescible  organic  matters 
yielding  much  ammonia  and  sulphuretted  hydrogen. 

(12)  Guano,  the  dung  of  carnivorous  sea-birds,  which  owes  its  very  high  value 
partly  to  the  large  proportion  of  urate  of  ammonia  and  other  nitrogenised  organic 
substances  which  it  contains,  and  partly  to  the  presence  of  phosphates  and  salts 


of  the  alkalies. 
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(13)  Soot,  which  appears  to  act  chiefly  by  virtue  of  the  salts  of  ammonia  derived 
from  the  destructive  distillation  of  the  coal. 

The  chief  substance  employed  for  acting  chemically  upon  the  constituents  of 
the  soil,  so  as  to  render  them  more  serviceable  to  the  plant,  is  lime,  which  modifies 
in  a very  important  manner  both  the  organic  and  mineral  portions  of  the  soil. 
Its  action  upon  the  former  consists  in  promoting  its  decay,  and  the  conversion  of 
its  elements  into  those  forms,  viz.,  carbonic  acid,  water,  ammonia,  and  nitric  acid, 
in  which  they  may  be  of  service  to  the  plant.  Upon  the  inorganic  constituents 
of  the  soil,  lime  acts  by  assisting  the  decomposition  of  minerals,  particularly  of 
those  which  furnish  the  alkalies  (such  as  felspar),  and  thus  converting  them  into 
soluble  forms. 

588a.  In  some  cases  fertility  is  restored  to  an  apparently  exhausted  soil,  without 
the  addition  of  manure,  by  allowing  it  to  lie  fallow  for  a time,  so  that  under  the 
influence  of  the  air  and  moisture,  such  chemical  changes  may  take  place  in  it  as 
will  again  replenish  it  with  food  available  for  the  crops.  It  is  not  even  necessary 
in  all  cases  that  the  soil  should  be  altogether  released  from  cultivation ; for  even 
though  it  may  refuse  to  feed  any  longer  one  particular  crop,  it  may  furnish  an 
excellent  crop  of  a different  description,  and,  which  is  more  remarkable,  it  may, 
after  growing  two  or  three  different  crops,  be  found  to  have  regained  its  power  of 
nourishing  the  very  crop  for  which  it  was  before  exhausted.  Experience  of  this 
has  led  to  the  adoption  of  the  system  of  rotation  of  crops,  by  which  a soil  is  made 
to  yield,  for  example,  a crop  of  barley,  and  then  successive  crops  of  grass,  beans, 
turnips,  and  barley  again. 

The  possibility  of  this  rotation  is  partly  accounted  for  by  the  difference  in  the 
mineral  food  removed  from  the  soil  by  different  crops  ; thus  turnips  require  much 
of  the  alkalies  and  lime ; wheat,  much  alkali  and  silica ; barley,  much  lime  and 
silica ; and  clover,  much  lime,  so  that  the  soil  which  had  been  exhausted  for  wheat, 
because  it  no  longer  contained  enough  soluble  silica,  might  still  yield  sufficient 
alkali  and  lime  to  a crop  of  turnips,  and  when  the  alkali  was  exhausted,  might 
furnish  enough  lime  to  a crop  of  clover,  after  which,  in  consequence  of  the 
chemical  changes  allowed  by  lapse  of  time  in  the  soil,  more  of  the  original  mine- 
rals composing  it  might  have  been  decomposed  and  rendered  available  for  a fresh 
wheat  crop. 

Another  explanation  of  the  benefit  of  systems  of  rotation  may  be  given  in  those 
cases  in  which  the  refuse  of  the  preceding  crop  is  allowed  to  remain  on  the  land. 
Some  plants  extending  their  roots  more  deeply  into  the  soil,  avail  themselves  of 
mineral  food  which  is  beyond  the  reach  of  plants  furnished  with  shorter  roots, 
and  when  the  refuse  of  the  former  plants  is  ploughed  into  the  land,  the  surface  is 
enriched  with  the  food  collected  from  the  subsoil. 

589.  Our  knowledge  of  the  chemical  operations  taking  place  in  the  plant,  and 
resulting  in  the  elaboration  of  the  great  variety  of  vegetable  products,  is  very 
slight  indeed.  We  appear  to  have  sufficient  evidence  that  sugar  and  starch,  for 
example,  are  constructed  in  the  plant  from  carbonic  acid  and  water,  that  gluten 
results  from  the  mutual  action  of  the  same  compounds,  together  with  ammonia, 
or  nitric  acid,  and  certain  sulphates  and  phosphates,  but  the  intermediate  steps 
in  this  conversion  are  as  yet  unknown. 

All  seeds  contain  starch,  gluten,  or  some  similar  nitrogenised  substance  (legu- 
min,  for  example),  together  with  mineral  matters,  these  being  provided  for  the 
nourishment  of  the  young  plant  until  its  organs  are  sufficiently  developed  to  enable 
it  to  procure  its  own  food  from  the  air  or  from  the  soil.  During  the  process  of 
germination,  the  seed  absorbs  oxygen  and  evolves  carbonic  acid  gas,  and  since 
the  albuminous  constituent  is  the  most  mutable  substance  present,  it  is  probably 
this  which  undergoes  oxidation,  and  excites  the  conversion  of  the  insoluble  starch 
into  soluble  sugar.  At  this  stage  the  seed  requires,  as  is  well  known,  a fair 
supply  of  water,  the  elements  of  which  are  required  for  the  conversion  of  the 
starch  (CcH10O5)  into  sugar  (CGH1206) ; water  is  also  required  to  dissolve  the  sugar 
as  well  as  the  altered  albuminous  matter  and  the  mineral  salts,  in  order  to 
form  the  sap  of  the  embryo  plant.  These  constituents  of  the  sap,  directed  by 
the  mysterious  vital  energy  in  the  seed,  build  up  the  root,  which  extends  itself 
in  search  of  nourishment  down  into  the  soil,  and  the  leaves,  which  discharge  a 
similar  function  with  respect  to  the  air.  As  soon  as  the  lea  res  are  developed, 
the  plant  becomes  able  to  decompose  carbonic  acid,  water,  and  ammonia,  to 
provide  the  organic  components  of  its  sap.  Some  part,  of  these  changes,  at  least, 
appears  to  take  place  in  the  leaves  of  the  plant,  from  which,  during  the  da}- 
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time,  oxygen  (together  with  a little  nitrogen)  is  continually  evolved.  The 
leaves  have  been  compared  to  the  lungs  of  animals,  the  functions  of  which  they 
reciprocate,  for  whilst,  in  the  lungs  of  animals,  an  absorption  of  oxygen  and  an 
evolution  of  carbonic  acid  gas  is  observed,  in  the  leaves  of  plants  it  is  the  carbonic 
acid  gas  which  is  absorbed  and  oxygen  is  disengaged.  In  the  dark,  plants  exhale 
carbonic  acid  gas,  but  in  much  smaller  quantity  than  they  decompose  in  the  light. 

That  oxygen  must  be  evolved,  if  plants  construct  their  carbonaceous  compounds 
from  carbonic  acid  gas  and  water,  is  obvious  on  reflecting  that  all  these  com- 
pounds contain  less  oxygen,  in  proportion  to  their  carbon  and  hydrogen,  than  is 
contained  in  carbonic  acid  gas  and  water. 

Thus,  we  may  conceive  the  formation  of  all  the  compounds  of  carbon  and 
hydrogen,  or  of  those  elements  with  oxygen,  which  are  met  with  in  plants,  by 
the  concurrence,  in  various  proportions,  of  carbonic  acid  gas  and  water,  and  the 
separation  of  the  whole  or  a part  of  their  oxygen. 

To  take  an  example : cellulose  (C(.H10O.)  would  result  from  the  coalition  of 
6 molecules  of  carbonic  acid  gas  and  5 molecules  of  water,  with  separation  of 
12  atoms  of  oxygen.  Again,  malic  acid,  C4H6Os,  would  require  4 molecules  of 
carbonic  acid  gas  and  3 molecules  of  water,  whilst  6 atoms  of  oxygen  would  be 
set  free. 

It  is  equally  easy  to  represent  the  formation  of  nitrogenised  compounds  from 
carbonic  acid  gas,  water,  and  ammonia,  with  separation  of  oxygen,  for  the 
nitrogen  in  all  such  compounds  is  present  in  so  small  a number  of  atoms  relatively 
to  the  carbon  and  hydrogen,  that  the  amount  of  oxygen  separated  from  the  car- 
bonic acid  gas  and  water,  would  always  far  more  than  suffice  to  convert  the  whole 
of  the  hydrogen  of  the  ammonia  into  water,  even  if  this  hydrogen  did  not  itself 
take  part  in  the  formation  of  the  compound.  Suppose,  for  instance,  that  the 
formation  of  quinine  is  to  be  accounted  for — 

2oC02  + 9H.,0  + 2NH3  = C20H.,,N2O,  + 04;. 

Quinine". 

If  sulphur  be  a constituent  of  the  vegetable  compound  to  be  formed,  it  is  con- 
ceivable that  the  sulphuric  oxide  derived  from  the  sulphates  present  in  the  soil 
should  co-operate  with  the  carbonic  acid  gas,  water,  and  ammonia. 

If  the  composition  of  gluten  be  correctly  represented  by  the  formula 
C,0sH169N27O34S,  the  equation  explaining  its  formation  from  the  above  constituents 
of  the  food  of  the  plant  would  be  written — 

108  C02  + 44H.P  + 27NH3  + S03  = ClusH10!)N27O34S  + Ow. 

The  chemical  tendency  of  vegetables,  therefore,  is  to  reduce  to  a lower  state  of 
oxidation  the  substances  presented  in  their  food,  whilst  animals  exhibit  a reci- 
procal tendency  to  oxidise  the  materials  on  which  they  feed. 

590.  With  respect  to  the  last  stage  in  the  existence  of  the  plant,  the  ripening  of 
the  fruit,  we  know  a little  more  concerning  the  chemical  changes  which  it  involves. 
Most  fruits,  in  their  unripe  condition,  contain  cellulose,  starch,  and  some  one  or 
more  vegetable  acids,  such  as  malic,  citric,  tartaric,  and  tannic,  the  latter  being 
almost  invariably  present,  and  causing  the  peculiar  roughness  and  astringency  of 
-the  unripe  fruit.  The  characteristic  constituent  of  unripe  fruits,  however,  is 
pectose,  a compound  of  carbon,  hydrogen,  and  oxygen,  the  composition  of  which 
has  not  been  exactly  determined.  Pectose  is  quite  insoluble  in  water,  but  during 
the  ripening  of  the  fruit  it  undergoes  a change  induced  by  the  vegetable  acids, 
and  is  converted  into  pectin  (C32H40O28),  which  is  capable  of  dissolving  in  water, 
and  yields  a viscous  solution.  As  the  maturation  proceeds,  the  pectin  itself  is 
transformed  into  pectic  acid  (C^H^Ojj),  and  pectosic  acid  (CmH4U03,),  which  are 
soluble  in  boiling  water,  yielding  solutions  which  gelatinise  on  cooling.  It  is 
from  the  presence  of  these  acids,  therefore,  that  many  ripe  fruits  are  so  easily 
convertible  into  jellies. 

Whilst  the  fruit  remains  green,  its  relation  to  the  atmosphere  appears  to  be  the 
same  as  that  of  the  leaves,  for  it  absorbs  carbonic  acid  gas,  and  evolves  oxygen ; 
but  when  it  fairly  begins  to  ripen,  oxygen  is  absorbed  from  the  air,  and  carbonic 
acid  gas  is  evolved,  whilst  the  starch  and  cellulose  are  converted  into  sugar,  under 
the  influence  of  the  vegetable  acids  (page  643),  and  the  fruit  becomes  sweet.  It 
has  been  already  seen  that  the  conversion  of  starch  and  cellulose  (CsH10Os)  into 
sugar  (CcH12Oc)  would  simply  require  the  assimilation  of  the  elements  of  water,  so 
that  the  absorption  of  oxygen  and  evolution  of  carbonic  acid  gas  are  probably 
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necessary  for  the  conversion  of  the  tannic  and  other  acids  into  sugar.  For 
example — 

ChH10O9  + H.,0  + 012  = CbH12Ob  + 8CO,; 

Tannic  acid.  Fruit-sugar. 

30,11,0,  + Os  = 0„HI20,  + 3H20  + 6C02. 

Tartariu  acid. 

When  the  sugar  has  reached  the  maximum,  the  ripening  is  completed ; and  if 
the  fruit  be  kept  longer,  the  oxidation  takes  the  form  of  ordinary  decay. 

591.  The  scheme  of  natural  chemistry  would  not  be  complete  unless  provision 
were  made  for  the  restoration  of  the  constituents  of  plants,  after  death,  to  the 
atmosphere  and  soil,  where  they  might  afford  food  to  new  generations  of  plants. 
Accordingly,  very  shortly  after  the  death  of  a plant,  if  sufficient  moisture  be 
present,  the  spores  of  ferments  acquired  from  the  air  begin  to  develop,  the  change- 
able nitrogenised  (albuminous)  constituents  begin  to  putrefy,  and  the  change  is 
commununicated  to  the  other  parts  of  the  plant,  under  the  form  of  decay,  so  that 
the  plant  is  slowly  consumed  by  the  atmospheric  oxygen,  its  carbon  being  recon- 
verted into  carbonic  acid,  its  hydrogen  into  water,  and  its  nitrogen  into  ammonia, 
these  substances  being  then  transported  in  the  atmosphere  to  living  plants  which 
need  them,  while  the  mineral  constituents  of  the  dead  plants  are  washed  into  the 
soil  by  rain. 

Moist  wood  is  slowly  converted  by  decay  into  a brown  substance,  which  has 
been  called  humus,  and  forms  the  chief  part  of  the  organic  matter  in  soils. 
Alkalies  dissolve  this  substance,  and  on  the  addition  of  an  acid  to  the  brown 
solution,  a brown  precipitate  is  obtained,  which  is  said  to  contain  humic,  ulmic, 
and  geic  acids,  but  these  substances  do  not  crystallise,  and  their  existence  as 
definite  acids  appears  to  be  somewhat  doubtful.  Two  other  acids  of  a similar 
kind,  crenic  and  apocrenic  acids  (Kpvvtj,  a well),  have  been  obtained  from  the  same 
source,  and  are  also  found  occasionally  in  mineral  waters. 

When  it  is  desired  to  preserve  wood  from  decay,  it  is  impregnated  with  some 
substance  which  shall  form  an  unchangeable  compound  with  the  albuminous 
constituents  of  the  sap.  Kreasote  (page  638)  and  corrosive  sublimate  (kyanising) 
are  occasionally  used  for  this  purpose,  the  wood  being  made  to  imbibe  a diluted 
solution  of  the  preservative,  either  by  being  soaked  in  it  or  under  pressure. 

In  Bouclierie’s  process  for  preserving  wood,  the  natural  ascending  force  of  the 
sap  is  ingeniously  turned  to  account  in  drawing  up  the  preservative  solution.  A 
large  incision  being  made  around  the  lower  part  of  the  trunk  of  the  growing  tree, 
a trough  of  clay  is  built  up  around  it,  and  filled  with  a weak  solution  of  sulphate 
of  copper,  peracetate  of  iron,  or  calcium  chloride.  Even  after  the  tree  has  been 
felled,  it  may  be  made  to  imbibe  the  preserving  solution,  whilst  in  a horizontal 
position,  by  enclosing  the  base  of  the  trunk  in  an  impermeable  bag  supplied  with 
the  liquid  from  a reservoir.  The  impregnation  of  the  wood  with  such  solutions 
not  only  prevents  chemical  decay,  but  renders  it  less  liable  to  the  attacks  of 
insects  and  the  growth  of  fungi. 
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C92  Between  the  chemistry  of  vegetable  and  that  of  animal  life  there  is  this 
fundamental  distinction,  that  the  former  is  eminently  constructive  and  the  latter 
destructive.  The  plant,  supplied  with  compounds  of  the  simplest  kind— carbonic 
acid  water,  and  ammonia— constructs  such  complex  substances  as  albumen  and 
suo-a'r  • whilst  the  animal,  incapable  of  deriving  sustenance  from  the  simpler 
compounds,  being  fed  with  those  of  a more  complex  character,  converts  them 
eventually,  for  the  most  part,  into  the  very  materials  with  which  the  constructive 
work  of  the  plant  commenced.  It  is  indeed  true,  that  some  of  the  substances 
deposited  in  the  animal  frame,  such  as  fibrin  and  gelatinous  matter,  rival  in 
complexity  many  of  the  products  of  vegetable  life;  but  for  the  elaboration  of 
these  substances,  the  animal  must  receive  food  somewhat  approaching  them  in 
chemical  composition.  It  is  to  this  nearer  resemblance  between  the  food  of 
animals  and  the  proximate  constituents  of  their  frames  that  we  may _ partly 
ascribe  the  greater  extent  of  our  knowledge  on  the  subject  of  the  nutrition  ol 
animals,  which  is,  however,  far  from  being  complete. 

The  ultimate  elements  contained  in  the  animal  body  are  the  same  as  those  of 
the  vegetable,  but  the  proximate  constituents  are  far  more  numerous  and  varied. 

The  bones  containing  the  phosphates  and  carbonates  of  calcium  and i^sium 
together  with  gelatinous  matter,  require  that  the  animal  should  be  supplied  with 
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food  which,  like  bread,  contains  abundance  of  phosphates,  as  well  as  the  nitro- 
genised  matter  (gluten)  from  which  the  gelatinous  substance  may  be  formed.  In 
milk,  the  food  of  the  young  animal,  we  have  also  the  necessary  phosphates,  whilst 
the  casein  affords  the  supply  of  nitrogenous  matters. 

Muscular  flesh  finds,  in  the  gluten  of  bread  and  the  casein  of  milk,  the  nitro- 
genised  constituent  from  which  its  fibrin  might  be  formed  with  even  less  trans- 
formation than  is  required  for  the  gelatinous  matter  of  bone,  since  the  composition 
of  fibrin,  gluten,  and  casein  is  very  similar.  The  albumen  and  fibrin  of  the 
blood  have  also  their  counterparts  in  the  gluten  and  casein  of  bread  and  milk, 
whilst  all  the  salts  of  the  blood  may  be  found  in  either  of  these  articles  of  food. 

Bread  and  milk,  therefore,  may  be  taken  as  excellent  representatives  of  the 
food  necessary  for  animals,  and  the  same  constituents  are  received  in  their  flesh 
diet  by  animals  which  are  purely  carnivorous,  but  the  flesh  contains  them  in  a 
more  advanced  stage  of  preparation. 

It  is  natural  to  suppose  that  the  fat,  which  contains  no  nitrogen,  should  be 
supplied  by  those  constituents  of  the  food  which  are  free  from  that  element,  such 
as  the  starch  in  bread  and  the  sugar  and  fat  in  milk. 

Before  the  food  can  be  turned  to  account  for  the  sustenance  of  the  body,  it 
must  undergo  digestion , that  is,  it  must  be  either  dissolved  or  otherwise  reduced 
to  such  a form  that  it  can  be  absorbed  by  the  blood,  which  it  accompanies  into 
the  lungs  to  undergo  the  process  of  respiration,  and  thus  to  become  fitted  to  serve 
for  the  nutrition  of  the  various  organs  of  the  body,  since  these  have  to  be  con- 
tinually repaired  at  the  expense  of  the  constituents  of  the  blood. 

The  first  step  towards  the  digestion  of  the  food  is  its  disintegration,  effected 
by  the  teeth  with  the  aid  of  the  saliva,  by  which  it  should  be  reduced  to  a pulpy 
mass.  The  saliva  is  an  alkaline  fluid  characterised  by  the  presence  of  a peculiar 
albuminous  substance  called  ptyalin  (tttvw,  to  spit),  which  easily  putrefies.  The 
action  of  saliva  in  mastication  is  doubtless  in  great  part  a mechanical  one, 
but  it  is  possible  that  its  alkalinity  assists  the  process  chemically,  by  partly 
emulsifying  the  fatty  portions  of  the  food.  The  liability  of  ptyalin  to  putre- 
faction favours  the  supposition  that  it  may  act  in  some  way  as  a ferment  in  pro- 
moting the  digestion.  This  disintegration  of  the  food  is  of  course  materially 
assisted  by  the  cooking  to  which  it  has  been  previously  subjected,  the  hard  and 
fibrous  portions  having  been  thereby  softened. 

The  food  now  passes  to  the  stomach,  it  which  it  remains  for  some  time,  at  the 
temperature  of  tire  body  (98°  F.),  in  contact  with  the  gastric  juice,  the  chief 
chemical  agent  in  the  digestive  process.  The  gastric  juice,  which  is  secreted  by 
the  lining  membrane  of  the  stomach,  is  an  acid  liquid,  containing  hydrochloric 
and  lactic  acids.  It  is  characterised  by  the  presence  of  a peculiar  substance 
belonging  to  the  albuminous  class  of  bodies,  which  is  called  pepsin  (vIvtcv,  to 
digest),  and  possesses  the  remarkable  power  of  enabling  dilute  acids,  by  its  mere 
presence,  to  dissolve  such  substances  as  fibrin  and  coagulated  albumen,  which 
would  resist  the  action  of  the  acid  alone  for  a great  length  of  time. 

An  imitation  of  the  gastric  juice  may  be  made  by  digesting  the  mucous  mem- 
brane of  the  stomach  for  some  hours  in  warm  very  dilute  hydrochloric  acid.  The 
acid  liquid  thus  obtained  is  capable  of  dissolving  meat,  curd,  &c.,  if  it  be  main- 
tained at  the  temperature  of  the  body.  The  pepsin  prepared  from  the  stomach 
of  the  pig  and  other  animals  is  sometimes  administered  medicinally  in  order  to 
assist  digestion. 

The  principal  change  which  the  food  suffers  by  the  action  of  the  gastric  juice 
is  the  conversion  of  the  fibrinous  and  albuminous  constituents  into  soluble  forms 
( peptones ) ; the  starch  is , also  partly  converted  into  dextrin  and  sugar,  but  the 
fatty  constituents  are  unchanged. 

The  food  which  has  thus  been  partially  digested  in  the  stomach  is  called  by 
physiologists  chyme,  and  passes  thence  into  the  commencement  of  the  intestines 
(the  duodenum ),  where  it  is  subjected  to  the  action  of  two  more  chemical  agents, 
the  bile  and  the  pancreatic  juice. 

593.  Bile  consists  essentially  of  a solution  of  two  salts  known  as  glycocholate 
and  taurocholate  of  sodium.  Both  glycocholic  and  taurocholic  acids  are  resinous 
and  do  not  neutralise  the  alkali,  so  that  the  bile  has  a strong  alkaline  character! 
Another  characteristic  feature  of  this  secretion  is  the  large  proportion  of  carbon 
which  it  contains.  Glycocholic  acid  contains  67  per  cent,  of  carbon,  whilst  tauro- 
cholic acid  contains  61  per  cent. 

The  special  function  of  the  bile  in  the  digestion  of  the  food  has  not  been  ex- 
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plained,  but  from  its  strongly  alkaline  reaction  it  does  not  appear  improbable  that 
it  assists  in  the  digestion  of  fatty  substances. 

The  pancreatic  juice  is  another  alkaline  secretion  which  differs  from  the  bile  in 
containing  a considerable  quantity  of  albumen,  and  is  very  putrescible.  Its  par- 
ticular office  in  digestion  appears  to  consist  in  promoting  the  conversion  of  the 
starchy  portions  of  the  food  into  sugar  (page  643),  though  it  also  has  a powerful 
action  upon  the  fats,  causing  them  to  form  an  intimate  mixture,  or  emulsion,  with 
water,  and  partly  saponifying  them.  The  digestion  of  the  starch  and  sugar  is 
completed  by  the  action  of  the  intestinal  fluid  in  the  further  passage  of  the  food 
through  the  intestines,  so  that  when  it  arrives  in  the  small  intestines,  all  the 
soluble  matters  have  become  converted  into  a thin  milky  liquid  called  chyle,  which 
has  next  to  be  separated  mechanically  from  the  insoluble  portions,  such  as  woody 
fibre,  &c.,  which  are  excreted  from  the  body. 

This  separation  is  effected  in  the  small  intestines  by  means  of  two  distinct  sets 
of  vessels,  one  of  which  (the  mesenteric  veins ) absorbs  the  dissolved  starchy  por- 
tions of  the  food,  and  conveys  them  to  the  liver,  whence  they  are  afterwards 
transferred  to  the  right  auricle  of  the  heart.  The  other  set  of  vessels  (lacteals) 
absorbs  the  digested  fatty  matters,  and  conveys  them,  through  the  thoracic  duct, 
into  the  subclavian  vein,  and  thence  at  once  into  the  right  auricle  of  the  heart. 

From  the  right  auricle  this  imperfect  blood  passes  into  the  right  ventricle  of 
the  heart,  and  is  there  mixed  with  the  blood  returned  from  the  body  by  the  veins, 
after  having  fulfilled  its  various  functions  in  the  system.  The  mixture,  which  has 
the  usual  dark  brown  colour  of  venous  blood,  is  next  forced,  by  the  contraction 
of  the  heart,  into  the  lungs,  where  it  is  distributed  through  an  immense  number 
of  extremely  fine  vessels  traversing  the  lungs,  in  contact  with  the  minute  tubes 
containing  the  inspired  air,  so  that  the  venous  blood  is  only  separated  from  the 
air  by  very  thin  and  moist  membranes.  Through  these  membranes  the  dark 
venous  blood  gives  up  the  carbonic  acid  gas  with  which  it  had  become  charged 
by  the  oxidation  of  the  carbon  of  the  organs  in  its  passage  through  the  body,  and 
acquires,  in  return,  about  an  equal  volume  of  oxygen,  which  converts  it  into  the 
bright  crimson  arterial  blood.  In  this  state  it  returns  to  the  left  side  of  the  heart, 
whence  it  is  conveyed,  by  the  arteries,  to  the  different  organs  of  the  body.  The 
chemistry  of  the  changes  effected  and  suffered  by  the  blood  in  its  circulation 
through  the  body  is  very  imperfectly  understood.  One  of  its  great  offices  is  the 
supply  of  the  oxygen  necessary  to  oxidise  the  components  of  the  various  organs, 
and  thus  to  evolve  the  heat  which  maintains  the  body  at  its  high  temperature. 
The  results  of  the  oxidation  of  these  organs  are  undoubtedly  very  numerous ; 
among  them  we  may  trace  carbonic,  sulphuric,  phosphoric,  lactic,  butyric,  and 
uric  acids,  as  well  as  urea  and  some  other  substances.  The  destroyed  tissues  must 
at  the  same  time  be  replaced  by  the  deposition,  from  the  blood,  of  fresh  particles 
similar  to  those  which  have  been  oxidised.  In  the  course  of  the  blood  through 
the  circulation,  the  above  products  of  oxidation  have  to  be  removed  from  it — the 
carbonic  acid  by  the  lungs  and  skin — the  sulphuric,  phosphoric,  and  uric  acids, 
and  the  urea,  by  the  kidneys. 

The  various  liquid  secretions  of  the  body,  such  as  the  bile,  the  saliva,  the  gastric 
juice,  &c.,  have  also  to  be  elaborated  from  the  blood  during  its  circulation  through 
the  arteries,  after  which  it  returns,  by  the  veins,  to  the  heart,  to  have  its  com- 
position restored  by  the  matters  derived  from  the  food,  and  to  be  reconverted 
into  arterial  blood  in  the  lungs. 

When  it  is  remembered  that  the  body  is  exposed  to  very  considerable  variations 
of  external  heat  and  cold,  a question  occurs  as  to  the  provision  made  for  main- 
taining it  at  its  uniform  temperature.  This  is  effected  through  the  agency  of  the 
fat  which  is  deposited  in  all  the  organs  of  the  body.  Since  fatty  substances  in 
general  are  particularly  rich  in  carbon  and  hydrogen,  their  oxidation  within  the 
body  would  be  attended  with  the  production  of  more  heat  than  that  of  those  parts 
of  the  organs  which  contain  much  nitrogen  and  oxygen.  Accordingly,  when  the 
body  is  exposed  to  a low  temperature,  a larger  quantity  of  its  fat  is  consumed  by 
the  oxidising  action  of  the  blood,  and  a corresponding  increase  takes  place  in  the 
amount  of  heat  evolved,  thus  compensating  for  the  greater  loss  of  heat  suffered 
by  the  body  in  the  cooler  atmosphere.  Of  course,  in  cold  weather,  when  more 
oxygen  is  required  to  maintain  the  heat  of  the  frame,  a larger  quantity  of  that 
gas  is  inhaled  at  each  breath,  on  account  of  the  higher  specific  gravity  of  the  air, 
in  addition  to  which,  we  have  the  quickened  respiration  which  always  attends  ex- 
posure to  cold.  To  supply  this  extra  demand  for  carbon  and  hydrogen  in  cold 
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weather,  we  instinctively  have  recourse  to  such  substances  as  fat,  starch,  sugar, 
&c.,  which  contain  them  in  large  proportion,  and  these  aliments,  free  from  nitro- 
gen, are  often  spoken  of  as  the  respiratory  constituents  of  food ; whilst  flesh,  gluten, 
albumen,  &c.,  which  contain  nitrogen,  are  styled  the  plastic  elements  of  nutrition 
(ir\d.<r<ru,  to  form). 

Bearing  in  mind  that  the  food  has  a two-fold  office — to  nourish  the  frame  and 
to  maintain  the  animal  heat — it  will  be  evident  that  a judiciously  regulated  diet 
will  contain  due  proportions  of  these  nitrogenous  constituents,  such  as  albumen, 
fibrin,  and  casein,  which  serve  to  supply  the  waste  of  the  organs,  and  of  such 
non-nitrogenised  bodies  as  starch  and  sugar,  from  which  fat  may  be  elaborated 
to  sustain  the  bodily  warmth. 

The  proportion  which  these  two  parts  of  the  food  should  bear  to  each  other 
will,  of  course,  depend  upon  the  particular  condition  of  existence  of  the  animal. 
Thus,  for  a growing  animal,  a larger  proportion  of  the  nitrogenised  or  plastic 
portion  of  food  would  be  required  than  for  an  animal  whose  growth  has  ceased ; 
and  animals  exposed  to  a low  temperature  would  require  more  of  the  non-nitro- 
genised or  heat-giving  portions  of  the  food. 

Accordingly,  we  find  that  a man  can  live  upon  a diet  which  contains  (as  in  the 
case  of  wheaten  bread)  5 parts  of  non-nitrogenised  (starch  and  sugar)  to  1 part  of 
nitrogenised  food  (gluten) ; whilst  an  infant,  whose  increasing  organs  require 
more  nitrogenised  material,  thrives  upon  milk,  in  which  this  amounts  to  r part 
(casein)  for  every  4 parts  of  the  non-nitrogenised  portion  (milk-sugar  and  fat). 
The  inhabitants  of  cold  climates  consume,  as  is  well  known,  much  more  oil  and 
fat  than  those  of  the  temperate  and  hot  regions. 

An  examination  of  the  composition  of  different  articles  of  food  affords  us  an 
explanation  of  the  custom  which  experience  has  warranted,  of  associating  par- 
ticular varieties  of  food.  Thus,  assuming  as  our  standard  of  comparison  the 
composition  of  bread,  which  contains  one  of  nutritive  to  five  of  heat-giving 
matter,  the  propriety  of  eating  potatoes  (1  nutritive  : 10  heat-giving)  with  beef 
(1  nutritive  : 1.7  heat-giving),  and  rice  (1  : 12.3),  with  mutton  (1  : 2.7)  will  be 
appreciated. 

All  muscular  or  mental  exertion  is  attended  with  a corresponding  oxidation  of 
the  tissues  of  the  frame,  just  as  each  movement  of  a steam-engine  may  be  traced 
to  the  combustion  of  a proportionate  quantity  of  coal  under  the  boiler ; and  hence 
such  exertion  both  creates  a demand  for  food,  and  quickens  the  respiration  to 
obtain  an  increased  supply  of  oxygen. 

CHANGES  IN  THE  ANIMAL  BODY  AFTER  DEATH. 

594.  After  the  death  of  animals,  just  as  after  that  of  plants,  a change  takes 
place  in  some  of  the  nitrogenous  constituents,  attended  by  the  development  of 
living  organisms  of  a very  low  order,  and  this  change  is  soon  communicated  to  all 
parts  of  the  body,  which  undergo  a putrefaction  or  metamorphosis,  of  which  the 
ultimate  results  are  the  conversion  of  the  carbon  into  carbonic  acid,  the  hydrogen 
into  water,  the  nitrogen  into  ammonia,  nitrous  and  nitric  acids,  and  the  sulphur 
into  sulphuretted  hydrogen  and  sulphuric  acid.  The  mineral  constituents  of  the 
animal  frame  then  mingle  with  the  surrounding  soil,  and  are  ready  to  take  part 
in  the  nourishment  of  plants,  which  construct  the  organic  components  of  their 
frames  from  the  carbonic  acid  and  ammonia  furnished  by  the  putrefaction  of  the 
animal,  and  then  serve  in  their  turn  as  sustenance  for  animals  whose  respiration 
supplies  the  air  with  carbonic  acid  gas  and  takes  in  exchange  the  oxygen  elimi- 
nated by  the  plant. 

The  functions  of  the  two  divisions  of  animate  nature  are,  therefore,  perfectlv 
reciprocal,  and  this  relationship  must  be  regarded  as  the  foundation  of  economical 
agriculture.  If  it  were  possible  to  prevent  the  change  of  the  atmosphere,  it  is 
quite  conceivable  that  a perpetual  succession  of  plants  and  animals  could  be  raised 
upon  a given  farm  without  any  importation  of  food,  provided  that  there  was  also 
no  exportation.  Or  even,  permitting  an  exportation  of  food,  the  succession  of 
plants  and  animals  raised  upon  the  same  land  might  be,  at  least,  a very  long  one, 
if  the  solid  and  liquid  excrements  of  the  animals,  to  feed  whom  this  exportation 
took  place,  were  restored  to  the  land  upon  which  this  food  was  raised.  The  ex- 
planation of  this  is,  that  the  solid  and  liquid  excrements  of  the  animal  contain  a 
very  large  proportion  of  the  mineral  constituents  of  the  soil,  in  the  very  state  in 
which  they  are  best  fitted  for  assimilation  by  the  crop,  and  as  long  as  the  soil 
contains  the  requisite  supply  of  mineral  food,  the  plant  can  derive  its  organic 
constituents  from  the  atmosphere  itself. 
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Forasmuch,  however,  as  the  vegetable  ancl  animal  food  produced  upon  a farm 
is  generally  exported  to  feed  the  dwellers  in  towns,  whose  excrements  cannot, 
without  excessive  outlay,  be  returned  to  the  soil  whence  the  food  was  derived,  it 
becomes  necessary  for  the  agriculturist  to  purchase  farm-yard  manure,  guano, 
&c.,  in  order  to  prevent  the  exhaustion  of  his  soil.  A great  manufacturing 
country,  in  which  the  majority  of  the  inhabitants  are  congregated  in  very  large 
numbers  around  a few  centres  of  industry,  at  a distance  from  the  land  under 
tillage,  is  thus  of  necessity  dependent  for  a considerable  proportion  of  its  food 
upon  more  thinly  populated  countries  where  manufactures  do  not  flourish,  to 
which  it  exports  in  return  the  produce  of  the  labour  which  it  feeds. 

The  parts  of  the  frames  of  animals  differ  very  considerably  in  their  tendency  to 
putrefaction.  The  blood  and  muscular  flesh  undergo  this  change  most  readily,  as 
being  the  most  complex  parts  of  the  body,  whilst  the  fat  remains  unchanged  for 
a much  longer  period,  and  the  bones  and  hair  will  also  resist  putrefaction  for  a 
great  length  of  time.  The  comparative  stability  of  the  fat  is  observed  in  the 
bodies  of  animals  which  have  been  buried  for  some  time  in  a very  wet  situation, 
when  they  are  often  found  converted  almost  entirely  into  a mass  of  adipocere, 
consisting  of  the  palmitic  and  margaric  acids  derived  from  the  fat. 

When  an  animal  body  is  thoroughly  dried,  it  may  be  preserved  unchanged  for 
any  length  of  time,  and  this  is  the  simplest  of  the  methods  adopted  for  the  pre- 
servation of  animal  food,  becoming  far  more  efficacious  when  combined  with  the 
use  of  some  antiseptic  substance,  such  as  salt,  sugar,  spice,  or  kreasote.  The 
preservative  effects  of  salt  and  sugar  are  sometimes  ascribed  to  the  attraction 
exerted  by  them  upon  moisture,  which  they  withdraw  from  the  flesh,  whilst  spices 
owe  their  antiseptic  power  to  the  essential  oils,  which  appear  to  have  a specific 
action  in  arresting  fermentative  change,  a character  which  also  belongs  to 
kreasote,  carbolic  acid,  and  probably  to  other  substances  which  occur  in  the 
smoke  of  wood,  well  known  for  its  efficacy  in  curing  animal  matter.  Such  sub- 
stances are  often  called  anti-zymotic  bodies  ; carbolic,  salicylic,  benzoic,  and  boracic 
acids  are  classed  under  this  head. 

A process  commonly  adopted  for  the  preservation  of  animal  and  egetable 
food,  consists  in  heating  them  with  a little  water  in  tin.  canisters,  which  are 
sealed  air-tight  as  soon  as  the  steam  has  expelled  all  the  air,  and  if  the  organic 
matter  be  perfectly  fresh,  this  mode  of  preserving  it  is  found  very  successful, 
though,  if  putrefaction  has  once  commenced,  to  ever  so  slight  an  extent,  it  will 
continue  even  in  the  sealed  canister  quite  independently  of  the  air. 

Modern  experiments  have  disclosed  a great  imperfection  in  our  acquaintance 
with  the  conditions  under  which  putrefaction  takes  place,  and  indicate  the 
presence  in  the  atmosphere  of  some  minute  solid  particles  which  appear  to  be 
minute  ova  or  germs,  and  have  the  power  of  inducing  the  commencement  of  this 
change.  It  has  been  found  that  milk,  for  example,  may  be  kept  for  a very  con- 
siderable period  without  putrefying,  if  it  be  boiled  in  a flask,  the  neck  of  v me  i 
is  afterwards  loosely  stopped  with  cotton  wool,  whilst,  if  the  plug  of  cotton  wool 
be  omitted,  the  other  conditions  being  precisely  the  same,  putrefaction  will  take 

place  very  speedily.  • 

Perfectly  fresh  animal  matters  have  also  been  preserved  for  a length  ol  time  in 
that  state,  in  vessels  containing  air  which  has  been  passed  through  reel  hot  tubes 
with  the  view  of  destroying  any  living  germs  which  might  be  present,  and  suen 
substances  have  been  found  to  putrefy  as  soon  as  the  unpurified  air  was  allowed 


access  to  them.  , , , . , „ 

The  extremes  of  the  scale  of  animated  existence  would  appear  to  meet  heie. 
The  highest  forms  of  organised  matter,  immediately  after  death,  serve  to  nouns  i 
some  of  the  lowest  orders  of  living  germs,  these  helping  to  resolve  the  complex 
matter  into  the  simpler  forms  of  carbonic  acid,  ammonia,  &c.,  which  are  returned 
to  the  atmosphere,  the  great  receptacle  for  the  four  chief  elements  of  linug 
matter,  carbon,  hydrogen,  nitrogen,  and  oxygen. 


CONSTITUTION  OF  ORGANIC  COMPOUNDS. 


595.  It  has  been  seen  in  the  preceding  pages  that  organic  compounds  which 
differ  widely  from  each  other  in  their  chemical  properties  may  yet  have  the  same 
molecular  weight  and  the  same  chemical  composition,  and  it  has  been  pointed 
out  that  the  difference  in  their  properties  is  due  to  a difference  in  the  groups  into 
which  the  carbon,  hydrogen,  nitrogen,  and  oxygen  atoms  are  distributed.  But 
there  are  some  compounds  containing  the  same  groupings  of  the  atoms,  yet  differ- 
ing in  their  properties,  because  these  groupings  (or  radicals)  occupy  different 
positions  in  relation  to  each  other ; this  is  referred  to  in  the  phrase  position- 
isomerism. 

There  is  only  one  compound  having  the  formula  CII„  methane  or  marsh-gas, 
and  this  yields  only  one  compound  when  one  of  its  hydrogen  atoms  is  replaced 
by  another  radical,  showing  that  each  of  its  four  hydrogen  atoms  stands  in  the 
same  relation  to  the  carbon  atom  ; thus,  if  one  hydrogen  atom  be  replaced  by  Cl, 
we  obtain  CH3C1,  mono-chloro-methane  or  methyl  chloride,  which  has  always  the 
same  properties,  however  it  may  be  prepared,  so  that  CHHHC1,  CHHC1H, 
CHC1HH,  and  CC1HHH,  represent  one  and  the  same  substance. 

It  is  in  order  to  express,  and  to  attempt  to  explain,  this  equality  of  position  of 
the  hydrogen  atoms  in  relation  to  the  carbon,  that  they  are  often  represented  on 
paper  as  symmetrically  arranged  round  the  central  carbon 
atom  (fig.  288 «),  so  that  which  ever  H is  replaced  by  Cl,  the 
figure  has  only  to  be  turned  round  in  order  to  appear  the 
same.  On  paper,  the  atoms  are,  of  necessity,  written  on 
the  same  plane,  but  it  is  not  to  be  supposed  that  this  re- 
presents their  arrangement  in  the  molecule.  At  present  we 
have  no  satisfactory  knowledge  of  the  shapes  of  molecules, 
but  we  are  obliged  to  think  of  them  as  having  three 
dimensions.  The  hydrogen  atoms  of  CH,  may  possibly  be 
arranged  symmetrically  on  the  surface  of  a sphere  with  the  C at  the  centre,  or 
they  may  be  situated  at  the  four  angles  on  the  base  of  a regular  tetrahedron  with 


H 

I 

H — C — H 

I 

H 

Fig.  288c. — Methane. 


the  carbon  at  the  vertex. 

In  the  explanations  which  follow,  no  assumption  will  be  made  as  to  the  true 
figures  of  the  molecules,  it  will  only  be  attempted  to  con- 
H H vey  the  idea  of  position  by  arranging  the  atoms  on  the  same 

plane. 

jj 0 q jj  If  methyl,  CH3,  instead  of  Cl,  be  substituted  for  an  atom 

of  H in  CH,,  the  same  reasoning  holds  good,  that  there  can 
jj-  be  only  one  compound  of  the  formula  CH3(CH3)  or  C2H6, 

ethane,  because,  whichever  of  the  hydrogen  atoms  is  re- 

Fig.  289. — Ethane.  placed  by  CH3,  this  group  will  always  stand  in  the  same 

relative  position  to  the  carbon-atom  and  to  the  other  three 
hydrogen  atoms  (fig.  289).  Again,  the  symmetry  of  the 
figure  of  ethane  shows  that  whichever  of  its  hydrogen  H H H 

atoms  is  replaced  by  methyl,  it  will  have  the  same  rela- 
tive position  to  the  carbon  atoms  and  to  the  remaining  H — C — C — C — IT 
hydrogen  atoms  of  ethane,  and  that  there  can  only  be  one 
hydrocarbon  of  the  formula  CH3.CH„(CH3)  or  C3HS,  pro-  H H IT 

pane  (fig.  290).  But,  in  propane,  all  the  hydrogen  atoms 
are  not  in  exactly  the  same  relative  positions  in  respect  to  Fig.  290. — Propane, 
the  three  atoms  of  carbon,  so  that  if  methyl  be  substituted 

for  hydrogen  in  the  CH„  part  of  the  figure,  we  shall  have  a different  compound 
from  that  produced  by  effecting  the  substitution  in  either  of  the  CH3  parts ; one 
compound  having  the  formula  CH3.  CH(CH3).CH3,  and  the  other,  CH„(CH3).CH,„CH3, 
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or  CH3.CH2.CH2(CH3)  which  is  the  same  thing.  Both  compounds  have  the  em- 
pirical formula  C4H,0  and  are  called  isomeric  butanes. 

596.  The  butane  described  at  page  471  is  normal  butane,  so  termed  from  norma, 
a rule,  because  it  has  the  properties  which  butane  ought  to  possess  from  its 
position  in  the  homologous  series  of  paraffins,  and  is  obtained  by  the  process 
which  would  be  expected  to  furnish  it,  viz.,  by  the  action  of  zinc  upon  ethyl 
iodide.  For  ethyl  iodide,  C2H5I  is  the  iodine  substitution-product  of  ethane, 
CH3.CH3,  and  its  formula  is  CH3.CH„I.  When  the  diad  zinc  acts  upon  this,  it 
must  take  the  I2,  which  it  requires  "to  form  the  iodide,  from  two  molecules  of 
ethyl  iodide,  leaving  the  residues  to  combine  and  produce  butane ; thus — 
CHg.CHJ  + Zn  + ICH2.CH3  = Znl2  + CH3.CH2.CH,.CH3, 


which  is  the  formula  of  normal  butane. 

Iso-butane  (t'aos,  equal),  C,H10,  is  not  liquefied  under  — 170  C.,  while  normal  butane 
is  liquefied  at  i°  C.  It  is  obtained  by  the  action  of  zinc  and  water  upon  tertiary 
butyl-iodide;  CH3.C(CH3)I.CH3  + HzO  + Zn  = CH3.C(CH3)H.CH3  + HI  + ZuO.  The 
difference  in  the  arrangement  of  the  atoms  in  normal  butane  and  isobutane  is  seen 
in  figs.  291, 


292. 
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Fig.  291. 

— Normal  butane. 

H 

Pig.  292. — Iso-butane. 

The  atoms  of  pentane,  C5H12,  may  be  arranged  so  as  to  produce  three  different 
compounds.  The  pentane  described  at  p.  472  is  the  normal  pentane  CH3(CH„)3CH3, 
and  boils  at  38°  C.  ; iso-pentane,  CH3.CH2.CH(CH3)2,  boils  at  30°,  and  is  obtained 
by  the  action  of  zinc  and  water  upon  secondary  iso-amylic  iodide,  CH3.CHI.CH(CH3)2. 
Neo-pentane  ( veos , new)  or  tetra-methyl-methane,  C(CH3)4  boils  at  9°.s  C.,  and  is  pre- 
pared by  the  action  of  zinc-methyl  on  tertiary  butylic  iodide — 

Zn(CH3)2  + 2C(CH3)3I  = 2C(CH3)4  + Znl2 
a mode  of  formation  which  indicates  the  presence  of  four  methyl  groups  in  neo- 
pentane. Figs.  293,  294,  295,  indicate  the  relation  between  the  three  pentanes. 

It  will  be  evident  that,  as  the  number  of  carbon  atoms  in  the  hydrocarbon  in- 
creases, the  greater  the  variety  of  arrangement,  and  therefore  the  greater  the 
number  of  possible  isomerides.  • Thus,  there  may  be  discovered  800  compounds 
having  the  formula  C13H28. 


H2  H.  h„ 

HSC  — C — C — C — CH3 
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h3°  c ch3 
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Fig.  293. — Normal  pentane. 


ch3 

Fig.  294. — Iso-pentane.  Fig.  295. — Neo-pentane. 


Normal  para  ffins  are  those  in  which  all  the  carbon  atoms  are  united  in  a single 
chain  without'  branches,  so  that  the  formula  begins  and  ends  with  CH3,  every 
other  link  being  CH.,  (fig.  293). 

Iso-paraffins,  or  secondary  paraffins , have  at  least  one  branch,  that  is,  at  least 
one  carbon  atom  is  united  with  more  than  two  other  carbon  atoms,  as  in  fig.  294. 

Neo-paraffins,  or  tertiary  paraffins,  have  at  least  one  carbon  atom  united  to  four 
others,  as  in  fig.  295. 

That  this  is  really  the  constitution  of  neopentane,  is  shown  by  the  steps  tor 
obtaining  it  synthetically ; acetone,  TI3C(CO)CH3,  treated  with  PC15,  yields 
H3C(CC12)CH3,  and  this,  acted  on  by  zinc-metliyl,  gives  H3C(C(CH3)2)LH3  or 

neo -pentane.  „ , „ _ , . . 

597.  Isomeric  alcohols.— Since  alcohols  are  formed  from  paraffins  by  replacing 
hydrogen  by  hydroxyle,  the  isomeric  paraffins  yield  corresponding  alcohols. 
Methane  and  ethane  yield  only  normal  alcohols,  because,  whiclievei  hi  drogen 
atom  is  replaced  by  hydroxyle,  the  same  compound  will  result. 

Normal,  or  primary  alcohols,  are  derived  from  the  normal  paraffins  by  the 
replacement  of  the  H of  a CHg  group  by  OH. 
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Thus,  normal  propane,  H3C.CH„.CH3,  yields  normal  propyl -alcohol— 

H3C.CH.,CH.,OH  ; 

hence  the  formulas  of  the  primary  alcohols  begin  with  H3C  and  end  with  CH...OH, 
and  the  hyclroxyle  group  is  united  to  a carbon  atom  which  is  linked  to  only  one 
other  carbon  atom  (fig.  296). 


H H 

H3C  — C — C — OH 
H H 
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H3C  — C — ch3 
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OH 


Fig.  296.— Normal 
propyl  alcohol. 


Fig.  297. — Isopropylic 
alcohol. 


The  secondary  alcohols  are  formed  from  the  normal  paraffins  by  the  replacement 
of  the  H in  the  CH,  part  of  the  formula  by  OH. 

Thus,  secondary  propyl-alcohol,  or  isopropylic  alcohol , is  H.,C.CH(OH).CH3  or 
(CH3).,CH.OH. 

In  the  secondary  alcohols,  therefore,  the  hydroxyle  group  is  united  to  a carbon 
atom  which  is  linked  to  two  other  carbon  atoms  (fig.  297). 

Normal  propyl  alcohol  has  been  described  at  p.  492.  Its  normal  character  is 
shown  by  its  boiling  point,  970  C.,  which  is  19°- above  that  of  its  lower  homologue, 
ethyl-alcohol,  and  19°  below  that  of  its  higher  homologue,  butyl-alcohol. 

Iso-propylic  alcohol  boils  at  84°  C.,  and  its  sp.  gr.  is  0.79.  It  is  obtained  by 
acting  upon  acetone  with  the  nascent  hydrogen  furnished  by  water  and  sodium- 
amalgam  ; H3C.CO.CH3  + 2H  = H3C.CH.OH.CH3,  a reaction  which  confirms  the 
above  Anew  of  its  constitution. 

The  secondary  alcohols  do  not  yield  aldehyds  by  partial  oxidation,  like  the 
primary  alcohols,  but  they  are  converted  into  ketones  ; thus,  iso-propylic  alcohol, 
distilled  with  a diluted  mixture  of  sulphuric  acid  and  potassium  dichromate  is 
oxidised  to  acetone ; H3C.CH.OH.CH3  + 0 = H3C.CO.CH3  + H.,0.  The  results 
of  the  further  oxidation  of  the  ketones  are  described  at  p.  545. 

Secondary  propyl-alcohol  is  remarkable  for  combining  with  water  to  form 
(C3Hs0).,H.,0,  which  has  the  same  percentage  composition  as  ethyl-alcohol,  and 
nearly  the  same  boiling  point  (8o°) ; but  when  acted  on  by  iodine  and  phosphorus, 
it  is  converted  into  isopropylic  iodide,  H3C.CHI.CH3,  while  ethyl-alcohol  yields 
ethyl  iodide,  H3C.CH2.I. 

The  tertiary  alcohols  are  formed  from  the  iso-paraffins,  by  the  replacement  of  the 
H in  the  CH  part  of  the  formula  by  OH.  Thus,  isobutane,  CH3.CH(CH3).CH3, 
yields  tertiary  butylic  alcohol,  CH3.COH.CH3.CH3,  or  (CH3)3C.OH. 

In  the  tertiary  alcohols,  therefore,  the  hydroxyle  group  is  united  to  a carbon 
atom  which  is  linked  to  three  other  carbon  atoms  (fig.  300).  Figs.  298,  299,  and 
300  show  the  relations  between  a primary,  secondary,  and  tertiary  alcohol. 
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Fig.  298. — Primary  Fig.  299. — Secondary  Fig.  300. — Tertiary 

butyl-alcohol.  butyl-alcohol.  (iso)  butyl-alcohol. 

Since  the  carbon  to  which  the  hydroxyle  is  united  is  linked  to  three  other  carbon 
atoms,  there  can  be  no  normal  tertiary  alcohols  (in  which  the  carbon  atoms  are 
united  in  a single  chain),  so  that  the  tertiary 
alcohols  are  always  iso-alcohols.  jj  q H H 

598.  Normal  primary  butyl-alcohol  has  been  de-  jj3q>C — ^ 

scribed  at  page  492,  together  with  fermentation  3 H 

butyl-alcohol,  which  is  the  primary  isobutylic  alcohol  pig.  3d. — Primary  iso-butvlic- 
(fig.  301).  alcohol. 

Secondary  butyl-alcohol  is  obtained  by  several  steps 
from  ethyl-ether,  CH3.CH2.O.C2Hs.  (1)  Chlorine  acting  upon  ether  in  cold  and 
darkness,  converts  it  into  dichlor ether , CH2C1.CHC1.0.C2H5.  (2)  Zinc  ethide  con- 

verts this  into  ethyl-chlor ether — 

Zn(C2H5)2  + 2(CH2Cl.CHC1.0.C2H5)==  ZnCl2  + 2(CH2Cl.CH.C2H3.O.C..H5). 
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(3)  This  last,  when  heated  with  HI,  yields  secondary  butyl  iodide — 
CH,C1.CH(CH2.CH3).0.C,H5  + 4HI=  CH3.CH(CH2.CH3)I  + HC1  + H„0  + C„H5I  •!  I., 

(4)  The  iodide  is  converted  into  the  acetate  by  heating  it  with  potassium  acetate, 
and  the  acetate,  when  decomposed  by  potash,  furnishes  the  secondary  butyl-alco- 
hol as  a liquid  of  sp.  gr.  0.85,  and  boiling  point  970  C. 

Tertiary  butyl-alcohol  may  be  prepared  by  acting  on  acetyl  chloride  with  zinc 
methide,  and  treating  the  solid  product  with  water,  the  final  result  being  expressed 
by  the  formula — 


H3C.C 


,/o 

\C1 


+ Zn(CH3)2  + HOH 


H C C^CH3)2 
\ OH 


+ ZnO  + HC1. 


Tertiary  butyl-alcohol  is  a crystalline  solid,  fusing  at  250  C.,  and  boiling  at  83°  C. 
It  is  deliquescent,  and  forms  a stable  aquate  (G4H,0O)2.Aq.  It  has  a peculiar 
camphor-like  smell,  and  is  present  in  some  fousel  oils.  Oxidising  agents  convert 
it  into  carbonic,  acetic,  and  isobutylic  acids. 

As  in  the  case  of  the  hydrocarbons,  the  number  of  alcohols  having  the  same  empir- 
ical formula  must  increase  with  the  number  of  carbon  atoms  ; thus,  there  have  been 
already  obtained  three  primary,  three  secondary,  and  one  tertiary  amyl-alcohols. 

Greater  facility  in  naming  these  numerous  compounds  is  attained  by  taking 
methyl-alcohol  or  carbinol  as  the  starting-point,  and  supposing  the  alcohols  to 
be  derived  from  it  by  substitution  of  alcohol-radicals  for  the  hydrogen  in  the 
methyl  group.  Then,  the  primary  alcohols  will  be  mono-substitution  derivatives 
of  carbinol,  as  shown  in  the  following  formulas  : 

Carbinol,  CH3.OH.  Primary  propyl-alcohol,  or  etlivl-carbinol,  CH.,.C„H5.OH. 
Primary  butyl-alcohol,  or  propyl-carbinol,  CH„.C3H,.OH.  Primary  iso-butyl-alco- 
hol,  or  iso-propyl-carbinol,  CH.,.C3H7.OH  (the  difference  here  consisting  in  propyl, 
CH0(CH„CH3),  formed  by  the'  methylation  of  ethyl,  CH.,(CH3),  and  iso-propyl, 
CH(CH3)2,  formed  by  the  di-methylation  of  methyl).  _ 

The  secondary  alcohols  may  be  regarded  as  di-substitution  products  of  carbinol , 
secondary  propyl-alcohol  or  di-methyl-carbinol,  CH(GH3)2.OH,  is  evidently  ident- 
ical with  iso-propyl-alcohol.  Secondary  butyl-alcohol  is  ethyl-methyl- carbinol, 
CPI  CJL.CH..OH.  Secondary  amvlic  alcohol  is  methyl-propyl-carbinol— 

CH.CH3.C3H7.OH. 

Another  secondary  amylic  alcohol  is  di-ethyl-carbinol,  CH(C2H5)2.OH.  The  tertiaiy 
alcohols  would  be  tri-substitution  products  of  carbinol.  Tertiary  butyl-alcohol  is 
tri-methylcarbinol,  C(CH3)3.OH.  Tertiary  amyl-alcohol  is  ethyl-dimethyl-carbinol, 

C(C„H5)(CH3),.OH.  " . , 7 7 / \ w, 

599.  To  distinguish  between  primary,  secondary,  and  tertiary  alcohols.— (I)  \Y  hen 
acted  on  by  oxidising  agents,  a primary  alcohol  yields  an  aldehyd,  containing  the 
same  number  of  carbon  atoms  as  the  alcohol ; thus,  ethyl-alcohol,  C H2.CH3.OH. 
yields  ethyl-aldehyd,  CH3.COH.  A secondary  alcohol  yields  a ketone  containing 
the  same  number  of  carbon  atoms  ; thus,  secondary  propyl-alcohol,  CH(GH3)2.OH, 
vdelds  di-methyl  ketone,  CH3.CO.CH3 ; a tertiary  alcohol  is  either  broken  up  into 
two  or  more  acids  containing  less  carbon,  or  it  may  give  rise  to  a ketone  contain- 
ing one  atom  less  carbon  than  itself,  the  atom  of  carbon  being  oxidised  to  carbonic 
or  formic  acid  ; thus,  tertiary  butyl-alcoliol,  C(CH3)3.OH,  yields  acetone,  (CH3)2.GO, 

and  formic  acid.  . ...  , 

(2)  The  alcohol  is  converted  into  the  corresponding  iodide  by  distilling  with 
iodine  and  phosphorus  (see  p.  553) ; the  iodide  is  distilled  with  a mixture  of  silvei 
nitrite  with  dry  sand  (to  dilute  it),  when  the  corresponding  nitro-parafhn  is  ob- 
tained ; thus,  ethyl  iodide  yields  nitro-ethane,  (C2H5NO„) 


CH2.CH3.I 


+ AgNO,  = CH.,.CH3.N02 '-)-  Agl. 


The  distillate  is  mixed"  with  potassium  nitrite  and  weak  potash  and  dilute 
sulphuric  acid  is  gradually  added ; if  the  alcohol  be  primary,  a red  solution  of 
the  corresponding  potassium  nitrolate  will  be  obtained,  the  mtro-paramn  having 
been  converted  into  the  corresponding  nitrolic  acid,  by  the  nitrous  acid ; thus, 

nitroethane  yields  nitrolic  acid — 

CH„.CH3.N02  + HN02  = CH.N0.CH3.N02  + H20. 

Nitrolic  acids  are  colourless,  but  their  alkaline  salts  have  a dark  red  colour ; they 
are  very  unstable,  being  decomposed  into  nitrous  oxide  and  a fatty  acid ; thus 
nitrolic  acid  yields  nitrous  oxide  and  acetic  acid— - 

CH.N0.CH3.N02  = CH3.C0.,H  + N.,0.  . 

If  the  alcohol  be  secondary,  a blue  solution  of  a pseiulonitrole  will  be  obtained  ; 
thus,  secondary  amylic  alcohol,  CH.CH3.C8H,.OH,  would  yield  the  secondary  mtro- 
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Fig.  302. — Active  amyl 
alcohol. 


paraffin,  CH.CH3.C3HrN02,  which  would  be  converted  by  nitrous  acid  into  the 
pseudonitrole,  C.NO.CH3.C3H,.NO,,  giving  a blue  solution.  If  the  alcohol  be 
tertiary,  no  colour  is  produced,  the  tertiary  nitro -paraffins  being  unacted  on  3 
nitrous  ucicl 

(3)  In  some  cases  the  action  of  the  alcohols  on  polarised  light  has  been  used,  to 
ascertain  their  constitution.  Thus,  the  fousel  oil  which  distils  over  at  the  end  of 
the  rectification  of  spirit  made  from  gram,  was  long  regarded  as  simply  amy  1- 
alcohol  C.H...OH.  But  it  was  noticed  that  different  samples  of  it  acted  differently 
on  a rav  of  polarised  light,  some  rotating  the  plane  of  polarisation  to  the  left  to  a 
greater  extent  than  others,  indicating  that  they  were  mixtures.  By  dissolving 
them  in  sulphuric  acid,  they  were  converted  into  sulphamylic  acids,  C5HHrib  4, 
and  by  neutralising  with  barium  carbonate,  two  barium  sulphamylates  were 
obtained,  having  the  same  composition,  but  one  being  much  more  soluble  in  water 
than  the  other.  The  alcohol  prepared  from  the  less 
soluble  barium  salt  was  without  action  on  polarised 
light,  and  boiled  at  1310  C. ; the  other  rotated  the  plane 
of  polarisation  strongly  to  the  left,  and  boiled  at  about 

128°  C.  , . . 

It  is  found  that  compounds  which  act  on  polarised 
light  contain  one  or  more  asymmetric  carbon  atoms,  that 
isfcarbon  atoms  linked  to  four  dissimilar  radicals.  Thus, 
the  active  amyl-alcohol  is  secondary  amyl-alcohol,  or  . 

methyl-propyl-carbinol  (fig.  302),  in  which  there  is  an  asymmetric  carbon  atom 
linked  to  the  four  dissimilar  radicals,  methyl,  propyl,  hydroxyl,  and  hydrogen. 

The  inactive  amyl-alcohol  is  iso-amyl-alcohol  or  iso  butyl 
carbinol  (fig.  303). 

This  is  an  example  of  physical  isomerism,  where  almost  the 
only  difference  between  the  isomerides  is  some  physical  pro- 
perty depending  on  the  grouping  of  the  atoms. 

600.  Derivatives  of  the  isomeric  alcohols.— —The  substi- 
tution of  other  radicals  for  the  hydroxyl  group  in  the  alcohols  gives  rise,  as  would 
be  expected,  to  the  formation  of  primary,  secondary,  tertiary,  and  iso-alcohol 
derivatives.  Thus,  normal  propyl-alcohol,  C3H..OH,  yields  normal  propyl  chloride, 
C,H,.C1,  while  secondarv  or  iso-propyl  alcohol,  CH3.CH.OH.CH3,  yields  secondary 
or  iso-propyl  chloride,  CH3.CHC1.CH3.  Tertiary  iso-butyl  alcohol,  C(CH3)3OH  yields 
tertiary  iso-butyl  chloride,  C(CH3)3C1.  Similar  compounds  are  formed  by  chlorine, 
bromine,  and  iodine  from  other  alcohols. 

The  acids  of  the  acetic  series  are  formed  from  the  primary  alcohols  by  tne 
oxidation  of  the  group  CHo.0H,  and  its  conversion  into  the  carbox}l  group, 
CO. OH ; thus  methyl-alcohol  HCII,.OH  yields  formic  acid  HCO.OH,  whilst  the 
aldehyds  are  produced  by  the  conversion  of  the  CTL.OH  group  into  a O.O.H 
group.  Figs.  304,  305,  306,  307,  exhibit  the  relation  between  the  hydride,  the 
alcohol,  the  aldehyd,  and  the  acid  of  methyl. 


HgC>C.H.OH 

Fig.  303. — Inactive 
amyl-alcohol. 
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304. — Methane. 
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Fig.  305.— Methyl 
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It  is  evident  that,  allowing  carbon  to  be  tetrad  or  to  have  an  atom -fixing 
power  =4,  oxygen  to  be  diad,  or  to  have  an  atom-fixing  power  =2,  and  hydrogen 
to  be  monad,  or  to  have  an  atom-fixing  power  = 1,  no  other  method  of  representing 
the  attachment  of  the  atoms  to  each  other  would  be  possible.  The  production  of 
potassium  formate  K.CO.OH  by  the  direct  union  of  CO  with  KOII  strongly  supports 

the  above  view  of  formic  acid.  . 

The  synthesis  of  acetic  acid  from  CH„  COCL,  and  H,0  shows  that  acetic  acid  is 
produced  by  the  substitution  of  methyl  for  hydrogen  in  formic  acid.  When 
methane  is  acted  on  by  carbon  oxychloride,  hydrochloric  acid  and  acetyl  chloride 
are  formed,  CH4  + COCL  = HCl  + C.,H3O.Cl,and  when  this  is  decomposed  by  water, 
acetic  acid  and  hydrochloric  acid  are  produced — 

' C.,H30.C1  -1-  HOI!  = C.,H3O.HO  + HC1. 
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The  constitution  of  the  substances  concerned,  is  here  shown  (figs.  308,  309,  310, 
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0 — H 

Fig.  308. — Metlmue. 

Fig.  309. — Carbon 
oxychloride. 

Fig.  310. — Acetyl 
chloride. 

Fig.  311. — Acetic 
acid. 

In  a similar  way  other  paraffins  may  be  converted  into  the  fatty  acids ; thus, 
amyl  hydride  C5Hjj.H  yields  caproic  acid,  C5Hn.CO.OH. 

The  oxidation  of  the  normal  primary  alcohols  yields  the  normal  aldehyds  and 
acids,  but  the  iso-alcohols  yield  iso-aldehyds  and  acids,  a few  of  which  are  known. 

Iso-butyric  alclehyd  is  obtained  by  distilling  calcium  iso-butyrate  with  calcium 
formate,  just  as  butyric  aldehyd  is  obtained  from  calcium  butyrate. 

Iso-valeric  aldehyd,  or  valeral,  is  obtained  by  distilling  fermentation  amyl- 
alcohol  with  potassium  dichromate  and  sulphuric  acid.  The  constitution  of  these 
aldehyds  is  here  represented  (figs.  312,  313,  314,  315). 
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Fig.  312. — Normal  Fig.  313. — Iso-butyric 
butyric  aldehyd.  aldehyd. 
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Fig.  314. — Normal 

Fig.  315. — Iso-valeric 

valeric  aldehyd. 

aldehyd. 

Iso-butyric  and  iso-valeric  acids  are  obtained  from  the  corresponding  alcohols 
and  their  derivatives  by  processes  similar  to  those  by  which  the  normal  acids  are 
obtained.  Iso-butyric  acid  is  found  in  the  fruit  of  the  carob-tree. 

601.  Olefin  hydrocarbons. — These  differ  from  the  paraffin  hydrocarbons  in  con- 
taining two  of  their  carbon-atoms  united  by  two  atom-fixing  powers,  as  in  ethene, 
fig-  3rfi-  They  are,  therefore,  unsaturated  hydrocarbons,  while  the  paraffins  are 
saturated  hydrocarbons,  in  which  no  two  carbon  atoms  are  united  by  more  than  a 
single  bond.  This  difference  in  constitution  is  indicated  by  the  disposition  of 
ethylene  (p.  472)  to  combine  directly  with  two  atoms  of  a monatomic  radical, 
such  as  Cl  or  Br,  leaving  the  carbon  atoms  united  by  a single  bond  (fig.  317). 

H H IT  H H H 


c=:c 


Cl  — C — C — Cl 


HO  — C — C — OH 


H H H H H H 

Fig.  316. — Etliene.  Fig.  317. — Ethene  dichloride.  Fig.  318. — Ethene  alcohol. 

When  ethene  dibromide  is  decomposed  by  boiling  solution  of  potassium  car- 
bonate (p.  495),  the  water  exchanges  hydroxyle  for  bromine,  forming  hydrobromic 
acid  and  ethene  hydrate  or  glycol  (fig.  318).  The  glycols,  therefore,  contain  twice 
the  same  group  which  the  monohydric  alcohols  contain  once,  viz.,  the  group 
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Tig.  319. — Glyoxal. 

H 

Fig.  320. — Glycolic  acid. 

Fig.  321.— Glyoxylic  acid. 

The  partial  oxidation  of  the  glycols  converts  this  group  into  HC  : 0,  just  as  it 
does  in  alcohol,  but  the  aldehyd  of  glycol  contains  this  group  twice  (fig.  319). 
The  next  step  in  the  oxidation  of  glycol  also  resembles  that  in  the  case  of  alcohol, 
the  group  H2C.OH  becoming  OC.OH  (fig.  320). 

A further  oxidation  converts  the  remaining  H..C.OH  into  the  aldehyd  group 
LIC  : 0 (fig.  321). 
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Lastly,  this  group  is  converted  into  OC.OH  (fig.  322). 

The  formation  of  the  homologous  series  of  olefin  hydrocarbons  from  the  alcohols 
of  the  paraffins  by  dehydrating  agents  is  easily  explained  by  the  removal  of  the 
HO  group  and  an  atom  of  H as  H„0,  leaving  the  two  liberated  affinities  or  atom- 
fixing powers  to  hold  the  two  carbon  atoms  doubly  linked,  as  will  seen  by  com- 
paring figs.  323,  324. 

HO  OH 

I I 

oio-cz 0 

Fig.  322. — Oxalic  acid. 

Just  as  the  homologues  of  the  paraffins  are  formed  by  the  continued  substitution 
of  methyl  for  hydrogen  in  methane,  so  are  the  olefins  formed  from  ethene  by  the 
continued  removal  of  H and  addition  of  CH3,  that  is,  by  the  continual  addition 
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Fig.  323. — Alcohol. 

Fig.  324. — Ethene. 

Fig.  325.— Ethylene, 
O2II.1. 

of  CH„,  or  C as  shown  in  figs.  325,  326,  327,  328. 
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Fig.  326. — Propylene,  C3HG. 

Fig.  327. — Butylene,  CdT 
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Fig.  328. — Amylene,  C.JI10. 


Hence  the  formulas  of  the  normal  olefins  after  ethylene,  always  begin  with 
H3C,  and  terminate  with  HO  : CH„ ; the  intermediate  terms  being  CH2,  while  the 
paraffins,  after  methane,  begin  and  end  with  H,C,  the  intermediate  terms  being 
also  CH2. 

In  the  normal  olefins,  as  in  the  normal  paraffins,  the  carbon  atoms  form  a single 
chain ; but  in  the  iso-olefins  there  are  branches,  as  in  figs.  329,  330. 


S;c>°=CH» 

Fig.  329. — Iso-butylene. 
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Fig.  330. — Iso-amylene. 
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H3C  — C = C — ch3 

Fig.  331. — Pseudo-butylene. 


Iso-butylene  is  a gas  obtained  by  the  action  of  dehydrating  agents  on  iso-butyl- 
alcohol. 

Pseudo-butylene  (fig.  331),  another  isomeride,  is  obtained  from  secondary  butyl- 
alcohol. 

A compound  metameric  with  ethylene  dichloride  is  obtained  by  the  action  of 
phosphoric  chloride  on  aldehyd;  H3C.C0.H  + PC1.  = H3C.CCL,H  + 1J0C13.  This 
compound,  ethylidene  chloride,  or  dichlor  ethane,  is  evidently  formed  by  the  substitu- 
tion of  Cl2  for  the  0 in  aldehyd,  so  that  both  chlorine  atoms  are  joined  to  the 
same  carbon  atom,  whereas  the  formation  of  ethylene  chloride  by  the  direct  union 
of  ethylene  with  chlorine,  shows  that  each  of  the  chlorine  atoms  is  combined  with 
a different  carbon-atom;  H2C— CH2  + Cl2 = H„G — CH„. 

'I  I ’ 

Cl  Cl 

Phosphoric  chloride  is  a useful  reagent  for  ascertaining  whether  an  oxygen  atom 
exists  as  a carbonyl  group  (CO),  or  a hydroxyl  group  (HO) ; in  the  former  case,  it 
converts  the  CO  group  into  CC12 ; in  the  latter,  it  replaces  the  HO  group  by  Cl, 
as  when  it  converts  alcohol  into*  ethyl  chloride — 

C2H5.OH  + PC15= C„HS.C1  + HC1  + POCl3. 

Aldehyd  may  be  regarded  as  ethylidene  oxide  0=C— CH3. 

H 

The  ethylidene  glycol,  (IIO)2— C — CH„,  has  not  been  obtained,  but  eth/l-ethylidenc 
_H  H . 

ghjcol  (C2I1.0)2— C — CH3,  is  known  as  acetal,  and  is  obtained  by  heating  alcohol 
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itli  aldehyd ; 2C,H,(0H)  + 0=C— CH3=  (C,HsO)„-C— CH3  + H20.  Hence  the  pre- 

H ‘ H 


sence  of  acetal  in  old  wine,  and  in  the  last  runnings  of  spirit  distilleries.  It  is  made 
by  distilling  alcohol  with  Mn02  and  dilute  H2S04,  and  is  a fragrant  liquid  tasting 
of  nuts,  of  sp.  gx.  0.82,  and  boiling  point  105°  C.  Oxidising  agents  convert  it  into 
acetic  acid.  When  heated  with  acetic  acid,  it  yields  aldehyd  and  ethyl  acetate. 

HO 

Aldehyd-ammonia  (p.  501)  may  be  regarded  as  ppyj-  > G — CH3,  or  eihylidene- 

H 


liyclramine.  Chloral  hydrate  as  trichlorethylidene  alcohol;  (IIO)2— C — CC13. 

By  careful  treatment  of  ethylene  dibromide  with  potash  dissolved  in  alcohol, 
it  may  be  converted  into  bromethylem — 

BrH2C — CH.,Br  + KOH  = H.,C=CHBr  + KBr  + H.,0. 

If  bromethylene  be  acted  on  by  zinc-ethide,  it  is  converted  into  ethyl-ethene,  or 
butylene;  2(H2C=CHBr)  + Zn(C2H5)2=  2(H2C=CH(C2H5)  , + ZnBr2,  a mode  of  for- 
mation which  justifies  the  formulae  above  assigned  to  the  olefins. 

Since  glycols  contain  two  HO  groups,  they  may  not  only  be  primary,  secondary 
or  tertiary,  like  the  alcohols,  according  to  the  mode  of  attachment  of  the  HO  ; 
but  they  may  be  primary-secondary,  or  secondary -tertiary,  &c.,  according  to  the 
attachment  of  each  of  the  HO  groups.  Ethylene  glycol,  HO— C C OH,  is  a 

H2  h2  h2 

primary  glycol;  propylene  glycol,  H30 — C — C — OH,  is  a.  primary-secondary  glycol; 

OH 

iso-butylene  glycol,  H3C>C— C— OH  is  a primary-tertiary  glycol;  amylene-glycol, 
H3C  . ~ 


OH 


OH 


H„ 


H..C  x A „ rtTT  is  a secondary-tertiary  glycol. 

H.  C ^ ^ ^ 

H OH 

Tertiary  glycols  are  called  pinacones,  and  are  formed  from  the  ketones  by  trie 
action  of  nascent  hydrogen;  thus,  two  molecules  of  acetone,  H3Cv,-—  qq  com- 

H„C 


3 — 

bining  with  2H,  yield  tetra-methyl-pinacone,  or  tetramethyl  glycol ; H3C  ^ ^ q ^ CH3 

H3C  1 | 0H3 

OH  OH 

The  acids  formed  by  the  complete  oxidation  of  the  glycols  are  dibasic  acids, 

HO  OH 


because  they  contain  two  carboxyle  (OC.OH)  groups  ; as  in  oxanc,  0 C C 0, 
HO  OH 

and  succinic,  0=C— C— C-C=0,  acids ; but  those  formed  by  the  incomplete 
oxidation  are  monobasic,  because  they  contain  only  one  carboxyle  group,  as  in 
OH  OH 

HI  HI 

glycolic,  0=C-C=0,  and  lactic,  H3C-C-C=0,  acids.  But  they  contain  a 


OH 


second  OH  group,  which  behaves  like  the  lrydroxyle  in  the  alcohols,  whence  they 
are  sometimes  called  alcohol-acids,  or  monobasic-diatomic  acids,  or  hydroxy-acids,  01 

811 GlycoU?’  ackl'may  be  represented  as  hydroxy  acetic  acid,  derived  from  acetic 
acid,  H2C.OC.OH,  by  the  substitution  of  HO  for  H,  yielding  glycolic  acid 

H H 

H.,C. OC.OH ; similarly,  lactic  acid  is  liydroxy-propionic  acid,  H3C—C. OC.OH, 


OH 


OH  H 

derived  from  propionic  acid,  HSC — O.OC.OIi. 

The  first  member  of  the  series  should  evidently  be  hydroxy-formic  acid, 
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HO-OC.OH,  derived  from  formic  acid,  H-OC.OH;  but  HO. OC. OH  would 
be  0=C  < (or  H2C03),  which  could  not  exist  because  one  atom  of  carbon  cannot 

hold  two  hydro  rale  groups  in  stable  combination. 

602.  Acetylene  hydrocarbons  (see  p.  473)-— Iu  t]1656’  !}v0 
united  by  three  atom-fixing  powers,  as  in  acetylene,  H . C_< C • J 

prepared  from  the  olefins  by  combining  them  with  bromine  and  decomposing  the 
dibromide  by  distilling  with  excess  of  alcoholic  potash 

BrH„C— CH.,Br  + 2KHO  = HC=CH  + aHBr  + H20. 

Propylene  dibromide,  treated  in  a similar  way,  yields  methyl-acetylene  or  allylene, 
H c— C=CH.  The  next  homologue  is  ethyl-acetylene,  or  crotonylene— 

H..C — C — C=CH 

H„  . 

and  so  on.  The  triple  linking  of  the  carbon-atoms  explains  the  facility  with 
which  acetylene  unites  directly  with  other  bodies;  thus,  with  bi  online,  it  }ie  cs 
a dibromide,  BrHC— CHBr,  and  a tetrabromide  Br.,HC— CHBr.,  It  also  combines 
with  hyclrobromic  acid,  forming  ethylidene  dibromide;  H— C— G— H + 2HBr- 
H C — CHBr.,.  It  combines  with  nascent  hydrogen,  to  form  ethylene,  and  with 
nitrogen  (when  sparked)  to  form  hydrocyanic  acid;  HC=CH  + N— N = 2HCHN . 

L _l 

When  strongly  heated, acetylene  yields  benzene,  3HC=CH  give  C— C C— C C— ' 0, 

H H H H H H 


where  the  three  molecules  of  acetylene  have  become  singly  linked  to  each  other, 
the  third  atom-fixing  power  of  each  carbon-atom  being  used  for  that  purpose. 

603.  In  this  formula  each  atom  of  hydrogen  evidently  holds  the  same  relative 
position  in  the  formula,  and  is  therefore  of  equal  chemical  value,  which  accounts 
for  the  fact  that  if  any  one  of  the  atoms  be  replaced  by  another  radical,  the  same 
compound  is  always  formed,  whatever  the  process  employed  for  obtaining  it ; thus, 
monochlorobenzene,  CUHSC1,  has  no  isomeride,  as  would  be  the  case  if  its  properties 
depended  upon  the  particular  atom  of  hydrogen  for  which  the  chlorine  was 
substituted.  For  the  same  reason  there  is  only  one  nitrobenzene,  C(.Hs(N02).  In 
general  it  may  be  asserted  that  there  is  only  one  possible  mono-substitution  'product 
of  benzene  formed  by  any  radical,  or  that  the  mono-substitution  derivatives  of  benzene 


have  no  isomerides. 

In  order  to  convey  more  clearly  the  idea  of  the  equality  in 
value  of  the  hydrogen  atoms  in  benzene,  the  formula  is  often 
written  as  a symmetrical  plane  or  solid  figure  (see  p.  723),  the 
commonest  representation  being  that  of  a regular  hexagon 
formed  by  closing  the  extremities  of  the  chain  formula  given 
above,  leaving  each  carbon  atom  at  one  of  the  angles.  This  is 
known  as  Kehule’s  benzene  ring,  and  is  represented  in  fig.  332. 
Here  each  atom  of  carbon  is  symmetrically  situated  in  relation  to 
the  others,  having  three  of  its  atom-fixing  powers  attached  to 
adjacent  carbon  atoms  and  the  fourth  attached  to  hydrogen. 

In  this  formula  we  have  evidently  an  unsaturated  hydro- 
carbon, which  explains  the  tendency  of  benzene  (like  ethylene) 
to  form  mW/bVm-coinpounds  by  direct  union  with  other  elements  ; 
this  is  seen  in  benzene  hexachloride — 


H 


HC  CH 

H 


Tig.  332. 
an  example  of 


j IIHHH  | 

C..H..C1,.  or  IiO  G C C C CH  and  benzene  hexahydride,  CUH12. 

Cl  Cl  Cl  Cl  Cl  Cl 

Although  benzene  yields  only  one  mono-substitution  product,  it  is  capable  of 
forming  three  di-substitution  products,  in  each  of  which  two  atoms  of  hydrogen 
are  replaced  by  another  radical. 

Thus,  there  are  three  di-bromobenzenes,  all  having  the  formula  CBH4Br,,  and 
therefore  strictly  isomeric,  and  yet  having  different  properties  ; so  there  are  three 
di-nitro  benzenes,  CsH4(N02)2,  and  three  benzene  di-sulphonic  acids,  CBH4(SO.,H)2, 
and  such  compounds  form  perfectly  distinct  series,  so  that  if  they  be  distinguished 
as  a,  b,  and  c compounds,  a-di-bromobenzene  will  yield  a-di-nitrobenzene,  and  a- 
benzene-di-sulphonic  acid,  while  b and  c di-bromobenzenes  will  also  yield  then- 
proper  series  of  derivatives. 

To  explain  the  existence  of  these  three  isomeric  di-substitution  products,  it  is 
necessary  to  assume  that  different  pairs  of  hydrogen  atoms  in  benzene  have 
different  chemical  values,  and  that  the  properties  of  the  di-substitution  products 
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depend  upon  the  particular  pair  of  hydrogen  atoms  replaced  by  the  substituted 
radical.  In  order  to  investigate  this  it  became  necessary  to  orient  (as  it  is  termed 
in  surveying)  the  plan  of  the  benzene  formula,  that  is,  to  mark  the  situation  or 
bearing  of  its  different  parts. 

604.  Orientation  of  the  benzene  ring. — To  effect  this,  it  is  neces- 
sary to  distinguish  the  carbon  atoms,  for  which  purpose  they  are 
numbered  consecutively  as  on  a watch-face  (fig.  333). 

The  pairs  of  hydrogen-atoms  occupying  places  1 and  2,  2 and  3, 

3 and  4,  4 and  5,  5 and  6,  6 and  1,  bear  the  same  relation  to  the 
figure,  and  are  therefore  of  equal  value,  so  that  whichever  pair  is 
replaced  by  other  radicals,  the  di- substitution  products  will  be 
identical. 

Again,  1 and  3,  2 and  4,  3 and  5,  4 and  6,  5 and  1,  6 and  2, 
being  alternate  atoms,  bear  the  same  relation  to  the  figure,  and 
their  replacement  would  give  rise  to  identical  di-substitution  pro- 
ducts. 

But  consecutive  atoms,  such  as  1 and  2,  or  2 and  3,  have  a different  relation  to 
the  figure  from  that  belonging  to  alternate  atoms,  such  as  1 and  3,  or  2 and  4,  so 
that  the  replacement  of  two  consecutive  atoms  of  hydrogen  would  give  one  kind 
of  derivative  (say  the  a-substitution  product)  and  that  of  two  alternate  atoms 
would  produce  another  kind  (say  the  6-substitution  product). 

Lastly,  the  pairs  1 and  4,  2 and  5,  3 and  6,  have  the  same  relation  to  the  figures, 
and,  when  replaced  by  other  radicals  would  give  identical  products,  but  these 
would  be  different  from  the  a and  b products,  and  may  be  called  the  c-substitution 
products. 

As  the  above  lists  exhaust  all  the  possible  pairs  of  hydrogen  atoms,  there  can 
be  only  three  di-substitution  derivatives  of  benzene.  Instead  of  using  a,  b,  and  c 
to  distinguish  the  three  isomerides,  it  is  customary  to  use  the  prefixes  ortho-,* 
metcc-,  and  para-,  respectively.  When  adjacent  hydrogen  atoms  in  the  benzene 
ring  are  replaced  by  other  radicals,  the  product  is  an  ort/io-compound,  when 
alternate  hydrogen  atoms  are  replaced,  the  product  is  a met«-compound.  When 
opposite  hydrogen  atoms  are  replaced,  the  product  is  a p«r«-compound.  This  is 
sometimes  denoted  by  figures  appended  to  the  formula ; thus,  dibromobenzene 
(1:2)  is  ortho-dibromobenzene ; (1  : 3)  is  meta-dibromobenzene ; and  (1:4)  is para- 
dibromobenzene,  all  having  the  formula  C6H4Br.,. 

Ortho-  and  para-dibromobenzenes  are  obtained  by  the  action  of  bromine  on 
benzene  ; the  ortho-compound  is  a liquid  boiling  at  224°  C.  and  freezing  at  — 1 0 C. ; 
the  para-compound  forms  crystals  fusing  at  89°  C.,  and  boiling  at  2193  C.  Meta- 
dibromobenzene  is  obtained  by  the  action  of  ethyl  nitrite  on  meta-dibromaniline 

C6H3Br2.NH2  + CJL.NO.,  = CGH,Br2  + CJI.,0  + N2  + H20. 

Tri-substitution  benzene  derivatives.— When  three  hydrogen  atoms  in  benzene  are 
replaced  by  other  radicals  numerous  derivatives  may  be  produced.  If  the  same 
radical  is  substituted  for  all  three  atoms  of  hydrogen,  there  may  be  formed  three 
isomeric  substitution-compounds  ; thus,  there  are  three  tribromobenzenes,  CtiH3Br3, 
distinguished  as  adjacent  (1:2:3),  fusing  at  87°  C.,  symmetrical  (1  : 3 : 5)>  fwshig 
at  1200  C.,  and  asymmetrical  (1  : 2 : 4),  fusing  at  44°  C.  If  the  substituted  radicals 
are  of  two  different  kinds,  say,  chlorine  and  bromine,  six  isomerides  may  be  formed, 
and  if  three  different  radicals  are  introduced,  say,  chlorine,  bromine,  and  NO,,, 
ten  isomerides  are  possible.  . 

Tetra-substitution  derivatives  of  benzene  may  also  be  adjacent  (1  : 2 : 3 : 4)>  sym- 
metrical (1  : 2 : 4 : 5),  and  asymmetrical  (1:3:4:  5)-  With  a single  substituted 
radical,  only  these  three  isomerides  are  possible,  but  two  radicals  maj  giv  e 20, 
three  radicals  may  give  16,  and  four  radicals  may  give  3°  tetra-substitution 
products.  Evidently  only  one  penta-substitution  product  is  possible.  _ 

605.  Experimental  investigation  into  the  constitution  of  benzene-derivatives,— \\  hen 
benzene  is  acted  on  by  bromine,  it  yields  bromobenzene  or  phenyl  bromide,  CaHs  r, 
which  may  have  been  produced  by  the  substitution  of  Br  for  any  one  of  le  six 
H atoms  in  the  benzene  ring  (fig.  332).  Assume  that  H (1)  has  been  replaced,  so 

that  the  product  maybe  represented  as  CaBrHHHHH.  By  treating  this  vitli 
nitric  acid,  the  compound  C,.H. ,Br(N02)  is  produced.  Evidently  the  second  H atom 
which  has  been  replaced  by  N 0„  is  not  the  same  H atom  which  was  replace  it 
the  Br  beforehand.  Assume  that  H(2)  has  been  replaced  by  NO.,,  then  the  nitro- 
compound will  be  C8Br(N02)HHHH.  By  treating  this  with  nascent  hydrogen 
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(neglecting  another  reaction)  the  Br  may  be  removed,  and  the  H whose  place  it 

1 3 4 5 6 

occupied  is  reinstated,  so  that  nitro -benzene  of  the  formula  C6H(N02)HHHH  is 
produced.  By  treatment  with  reducing  agents  (p.  579),  this  is  converted  into  an 

1 3 4 5 6 

amido-substitution  derivative  (aniline),  C6H(NH,)HHHH.  When  aniline  nitrate 
is  acted  on  by  nitrous  acid  (p.  582)  it  yields  the  nitrate  of  diazobenzene, 

I 3 4 5 6 

C6H(N.,)HHHH,  and  by  decomposing  this  with  hydrobromic  acid,  bromobenzene, 

I 3456 

Cb.H(Br)HHHH,  is  obtained,  and  this  is  found  to  be  identical  with  the  bromo- 
benzene produced  directly  from  benzene  and  bromine,  showing  that  whether 
H (1)  or  H (2)  is  replaced  by  Br,  the  same  body  is  produced. 

The  di-substitution  derivatives  of  benzene  may  be  distinguished  by  converting 
them  into  nitro-compounds. 

3456 

Ortho-dibromobenzene,  Cb.BrBrHHHH,  yields  two  nitro-substitution  products, 

viz.,  C5BrBr(N02)HHH,  and  C6BrBrH(NO.,)HH. 

= 456 

Meta-dibromobenzene,  C6BrHBrHHH,  yields  three  nitro-compounds,  viz., 

C6Br(NO.,)BrHHH,  C0BrHBr(NO.,)HH,  and  CbBrHBrH (N 02) H. 

23  56 

Para-dibromobenzene,  C6BrHHBrHH,  yields  only  one  nitro-compound — viz., 
C0BrNO.,HBrHH. 

456 

606.  Adjacent  tribromobenzene,  CsBrBrBrHHH,  can  be  prepared  from  either 

3456  2456 

ortho-,  C6BrBrHHHH,  or  meta-dibromobenzene,  C6BrHBrHHH. 

3 56 

Asymmetrical  tribromobenzene,  C6BrBrHBrHH,  may  be  prepared  from  either 

23  56 

ortho-,  meta-,  or  para-dibromobenzene,  C6BrHHBrHH. 

246 

Symmetrical  tribromobenzene,  C6BrHBrHBrH,  can  only  be  prepared  from  meta- 
dibromobenzene. 

The  benzene-derivatives,  when  oxidised,  yield  three  isomeric  acids  of  the  for- 
mula, CBH4(CO.OH)2,  which  are  known  as  phtlialic,  isophthalic,  and  terephthalic 
acids  ( benzene-dicarboxylic  acids).  The  ortho-derivatives  generally  yield  phthalic 
1 4 5 6 

acid,  C6IT(C02H)(C02H)HHH  ; meta-derivatives  generally  yield  isophthalic  acid, 
2 ' 456 

Cb(C02H)H(C02H)HHH ; para-derivatives  yield  terephthalic  acid — 

C8(C02H)HH(C02H)HH. 

607.  Methyl  substitution-products  of  benzene. — It  was  shown  at  p.  477,  that  toluene, 
C7H8,  is  methyl -benzene,  C6H5.CH3,  and  since  it  is  a mono-substitution  derivative, 
only  one  toluene  is  known.  Xylene,  C3HI0,  is  dimethyl-benzene,  CbH4(CH3)2,  and 
since  it  is  a di-substitution  product,  there  must  be  three  isomeric  xylenes.  Orthoxy- 
lene, C0(CH3)(CH3)HHHH,  boils  at  141°  C.  Metaxylene,  CB(CH3)H(CH3dIHH,  boils 

at  1 370  C.  Paraxylene,  C(CH3)HH(CH3)HH,  boils  at  136°  C. 

When  toluene,  C6H5.CH3,  is  acted  on  by  oxidising  agents,  they  convert  the 
CH3  group  into  CO.OH,  leaving  the  phenyl  (CBH5)  group  untouched,  and  form- 
ing benzoic  acid,  C6HS. CO.OH.  When  xylene,  CBH4(CH3)2,  is  oxidised,  the  two 
methyl  groups  are  successively  converted  into  carboxyle,  yielding  toluic  acid 
C6H4(CH3)(C02H),  and  phthalic  acid,  CbH4(C02H)2.  The  three  xylenes  yield, 
respectively,  ortho-,  meta-,  and  para-toluic,  and  ortho-,  meta-,  and  para-phthalic 
acids. 

Ethyl-benzene,  CeH5.C2H5,  is  metameric  with  the  xylenes,  but  it  yields  benzoic 
acid  when  oxidised.  It  is  prepared  by  the  action  of  sodium  on  a mixture  of  bromo- 
benzene and  ethyl-bromide ; C0H3Br  + C2H5Br  + Na2  = CBH5.C2H5  + 2NaBr. 

When  toluene  is  acted  on,  in  the  cold,  with  chlorine  or  bromine,  the  substitution 
generally  takes  place  in  the  phenyl  group,  while,  at  the  boiling  point,  the  methyl 
group  is  chiefly  acted  on. 

Thus,  in  the  cold,  mono-,  di-,  and  tri-chlorotoluene  are  formed,  C „H4C1.CH  , 
C6H3C12.CH3,  and  CBH?C13.CH3 ; while,  at  the  boiling-point,  benzyl  chloride, 
C6H5.CH2C1,  benzylene  dichloridc,  CbHvCTICl2,  and  benzylene  trichloride,  C6H  .CC1 ' 
are  produced.  These  last  yield  benzoic  acid  when  oxidised,  while  the’  chloro- 
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toluenes  yield  mono-,  di-,  and  tri-chlordbenzoic  acids,  C6H4C1.C02H,  C(.H.tCC.CO._,H, 
and  CuII,,C13.CO,,H  ; showing  that  the  chlorine  atoms  are  more  firmly  held  in  the 
phenyl  than  in  the  methyl  group.  Another  example  of  this  is  furnished  bybenzy- 
lene  dichloride,  which  is  converted  into  benzaldehyd,  C(;H..CHO,  by  the  action  of 
water,  while  dichlorotoluene,  which  is  metameric  with  it,  is  not  decomposed  by 

water.  ..... 

By  acting  on  benzene  with  a mixture  of  nitric  and  sulphuric  acids,  dimtroben- 
zene,  C6H4(N02)2,  is  obtained,  and  this  may  be  shown  to  be  (chiefly)  the  meta- 
compound,  by  replacing  the  two  NO.,  groups  by  Br  (p.  73^)>  and  afterwards  by 

CH  when  meta-xylene,  CB(CH3)H(CH)3HHH  is  obtained;  the  nitro-compound 
3’  2456 

being  meta-dinitrobenzene,  C0(NO2)H(NO2'iHHH. 

608.  Hydroxyl  substitution-yiroducts  of  benzene. — When  HO  is  substituted  for  H in 
benzene,  a, phenol  is  produced  ; phenol,  CBH5.OH,  resorcinol,  C„H4(OH)2,  pyrogallol, 
C0H3(OH)3.  Benzene  is  converted  into  phenol  by  hyclric  peroxide — 


CeH6 


+ HO. OH  = CBH5.OH  + HOH. 
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Resorcinol  is  meta-dihydroxybenzene  (1  : 3),  and  is  obtained  by  fusing  meta-benzene- 
disulphonic  acid  with  potash;  C6H4(0H.S02)2+2K0H  = CI.H4(0H)2+2(K0HS02). 
Pyrocatechin  is  ortho-dihydroxybenzene,  CbH4(OH),,(i  : 2),  and  may  be  obtained  by 
fusing  ortho-chlorophenol  with  potash — 

CbH4C1(OH)(i  : 2)  + KOH  = C„H4(OH)3(i  : 2)  + KC1. 

Hydroqidnone  is  para-dihydroxybenzenc,  CbH4(OH)2(i  : 4),  and  may  be  obtained  by 
fusing  para-iodophenol  with  potash — 

CbH4I(OH)(i  : 4)  + KOH  = C0H4(OH),(i  : 4)  + KI. 

Pvrocicdlol  is  meta-trihydroxybeznene,  C'bH3(OH)3(i  : 2 : 4)  (or  asymmetric).  Pldoro- 
alucol  is  para-trihydroxybenzene,  C6H3(OH)3(i  : 3 : 5)  (or  symmetric) 

CjLUC0  1 J Gresol  is  hydroxy  toluene,  CbH4.CH3.OH,  and  since  it  is  a di- 

substitution  derivative  of  benzene,  there  are  ortho-,  paia-,  and 
meta-cresols,  boiling  respectively  at  188  C.,  201  , and  198  , 
the  first  and  last  are  solid.  Orcin  is  para-dihydroxytoluene, 

CbH3.CH3(OH)2(i  : 3:  5)-  , 

When  the  hydroxyl  enters  the  methyl  group,  instead  of  the 
phenyl  group,  an  alcohol  is  produced,  thus,  CBH5.CH.,(OH)  is 
benzylalcohol,  which  is  metameric  with  cresol. 

609.  Naphthalene,  C10HS  (p.  478)  is  represented  by  many 
chemists  as  H4C4  : C2  : C4H4,  or  as  containing  two  benzene 
rings,  minus  (Cfl„)2,  as  represented  in  fig.  334. 

On  the  principles  discussed  in'  the ‘case  of  benzene,  such  a formula  would  help 
to  accounf  for  the  large  number  of  isomeric  substitution-products  furnished  by 

th6io7S^2V^  acids  of  the  acetic  series.- It  has  been  shown  that  acetic 
acid  °can  be  produced  synthetically  from  marsh-gas,  carbon  dioxide,  and  water 
(with  the  aidPof  chlorine) ; the  other  members  of  the  acetic  series  of  acids  can  be 
(with  the  aiu  ox  cnio  ; , substituting  other  radicals  for  the  hydrogen  m the 
built  up  from  acetic  amd  bysrn^  ^ ^ ^ acid  ig  first  converted  into 

ZftiletferZ^ ^560)?  H3C  - CO.OC2H5.  This  is  treated  with  sodium  and  converted 
into  sodacetic  ether  (p.  560),  NaC  - CO.OC2H,  By  digesting  this  for  severalhours,  in 
a sealed  tube  at  ioo°  C.  with  methyl  iodide,  its  sodium  is  replaced  by  methyl,  and 
methyl  acetic  ether,  HSC- C-CO.OC2H5  is  obtained.  This  is  identical  with 


■// 


Fig-  334- 


• Da»r  it  r CO  OC  Hr,  and  bv  saponifying  it  with  potash,  and  distilla- 

propionic  ether  H,C,~ C 0.0 1 41  . - jj  — CO.OH.  is  obtained. . . . 


H C — C — CO.OC2H5,  which  is  butyric  ether,  and  from  this,  butyric  acid  is  easily 

5 2 H ' Na 

When  di-sodacetic  ether,  HC-C0.002H5,  is  decomposed  by  methyl- 

Na 


prepared. 
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ioclicle,  di-methyl-acetic  ether,  HC  — CO.OC.,H3,  is  obtained,  which  yields  di- 

CH„ 

CH3 

methyl  acetic  acid,  HC  — CO.OH,  or  isobutyric  acid  (p.  728).  This  reaction  shows 
CH3 

that  butyl,  C4H9,  is  CH2(CH2.C2H5),  or  ethylo-methyl-methyle,  while  iso -butyl,  C4H9,  is 
CH.,.CH(CH3).„  or  di-methylo-methyl-methyle. 

Di-sodaceti’c  ether,  with  ethyl  iodide,  yields  di-ethyl-acetic  ether,  from  which 
di-ethyl  acetic  acid  or  iso-caproic  acul  is  obtained.  Amyl  iodide  and  sodacetic. 
ether  yield  amyl-acetic  or  capric  ether.  Tri-sodacetic  ether,  Na3C.CO.OC.,H.,  reacts 
with  methyl-iodide,  to  form  trimethyl  acetic  ether,  (CH3)3C.CO.OC.,H5,  which 

h3cv 

yields  trimethyl  acetic  or  tertiary  valeric  acid,  H;jC— — C — OH. 

H3C/  1 1 

o 

61 1.  Constitution  of  uric  acid. — Uric  acid  has  been  obtained  synthetically  by 
heating  glycocine  (p.  673)  with  an  excess  of  urea  to  a high  temperature  in  a sealed 
tube ; glycocine  being  amido-acetic  acid,  its  formula  is  CH._,(NH.,).CO.OH,  and 
its  reaction  with  three  molecules  of  urea  3CO(NH2)2,  yields  uric  acid,  C.H,N/)3, 
together  with  3NH3  and  2 II./).  This  indicates  the  existence  in  uric  acid  of  at 
least  two  groups,  one  containing  C united  to  0,  and  the  other  containing  N 
united  to  H. 

When  uric  acid  is  oxidised  by  nitric  acid,  it  gives  rise  to  a large  number  of 
products,  many  of  which  are  connected  with  urea,  and  contain  a radical  with 
three  carbon  atoms,  such  as  alloxan  or  mesoxalyl 
urea,  C0.N2H2(C303) ",  dialuric  acid  or  tartronyl 
urea,  C0.N2H2(C3H203)'',  parabanic  acid  or  oxalyl 
urea,  C0.N2H2(C202)",  and  barbituric  acid  or 
malonyl  urea,  C0.N2H2(08H202)".  It  would  ap- 
pear therefore  that  there  must  be  three  carbon- 
atoms  directly  united,  and  one  group  contain- 
ing C,  0,  N and  PI  which  is  easily  converted  into 
urea  and  its  derivatives.  These  conditions  would 
be  fulfilled  by  the  formula  OC.C2(CON2H2)2,  re- 
solvable into  (CO)3(CN)2(NH2)2,  or  by  the  struc- 
tural formula  shown  in  fig.  335. 

612.  In  investigating  the  chemical  structure  of  the  molecules  of  organic  bodies, 
much  assistance  is  derived  from  the  observation  of  their  physical  properties, 
among  which  the  following  are  the  most  important : — 

(1)  The  fusing  point  of  a solid,  the  boiling  point  of  a liquid,  and  the  specific 
gravity  of  a vapour. 

(2)  The  specific  volume  of  a liquid,  obtained  by  dividing  its  molecular  weight  by 
its  specific  gravity  (calculated  for  the  temperature  at  which  the  liquid  boils). 

(3)  The  optical  properties  of  a' liquid,  or  of  a solid  body  in  solution;  especially 
the  action  on  polarised  light,  the  refractive  power,  the  absorption  spectrum,  and  the 
magnetic  rotatory  power  deduced  from  its  action  on  a ray  of  polarised  light  when 
under  the  influence  of  magnetism. 

613.  Fusing  points  op  organic  compounds. — In  order  that  a solid  may  fuse,  it 
must  first  attain  to  a degree  of  temperature,  called  the  fusing  point  of  the  solid, 
and  must  then  have  a certain  amount  of  motion  imparted  to  its  molecules  by  the 
tranformation  (into  motion)  of  an  amount  of  heat  which  is  termed  latent  heat  or 
heat  of  fusion.  This  motion  enables  the  molecules  to  circulate  more  or  less  freely 
among  themselves,  and  to  extend  themselves  in  a horizontal  plane. 

The  fusing  point,  as  indicated  by  the  thermometer,  therefore,  is  the  temperature 
at  which  the  molecules  become  capable  of  converting  the  heat  subsequently 
acquired  into  the  motion  proper  to  the  liquid  condition.  This  temperature  will 
depend  upon  the  constitution  of  the  molecules,  which  regulates  their  relation  to 
adjacent  molecules. 
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Fig.  335.— Uric  acid. 
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If  the  cohesion  which  limits  the  motion  of  molecules  in  a solid  mass  be  similar 
in  character  to  the  gravitation  which  limits  the  motion  of  masses  of  matter,  it 
will  be  greater  among  those  molecules  which  have  the  larger  mass,  that  is,  the 
highest  molecular  weight,  and  these  should  have  the  highest  fusing  points,  since 
a larger  amount  of  progressive  motion  (or  temperature ) must  be  imparted  to  them 
to  render  them  capable  of  acquiring  the  freedom  of  motion  proper  to  the  liquid 
condition.  But  it  is  by  no  means  true  that  the  fusing-point  is  always  higher 
when  the  molecular  weight  is  greater ; for  palmitin,  with  a molecular  weight  of 
So6,  fuses  at  63°  C.,  while  urea,  with  a molecular  weight  of  60,  fuses  at  130°  C. 
It  may  be  stated,  however,  that,  in  the  case  of  homologous  series,  the  fusing- 
point  generally  rises  as  the  molecular  weight  increases  ; thus  the  paraffin  and  olefin 
hydrocarbons  are  liquids  until  they  contain  sixteen  atoms  of  carbon.  The  sub- 
stitution of  HO  for  H tends  to  raise  the  fusing-point,  so  that  the  paraffin  alcohols 
containing  more  than  seven  carbon  atoms  are  solids,  and  this  is  also  the  case  with 
the  aldehyds. 

The  acids  derived  from  the  paraffins  exhibit  remarkable  anomalies  ; the  fusing 
point  of  acetic  acid,  CH3.C02H,  being  170  C. ; that  of  butyric,  CH3(CH„)2.CO.,H, 
o°  C. ; valeric,  CH3(CH2)3.C02H,  below  - 160  C. ; caproic,  CHs(CH2)4.C02H,  - 20  C. ; 
heptylic,  CH3(CH2)5.C02H,  - 10°. 5 C. ; while  caprylic  acid,  CH3(C‘H2)g.C02H,  fuses 
at  about  16°  C. ; after  this,  the  fusing  points  of  the  acids  rise  for  each 'addition 
of  CH2,  but  in  a diminishing  ratio,  so  that  whilst  the  fusing  point  of  capric  acid, 
CH„(CH„)„.CO„H,  is  about  140  higher  than  that  of  caprylic,  the  fusing  point  of 
stearic  acid,  CH3(CH2)I6.C02H,  is  only  f above  that  of  palmitic,  CH3(CH2)14.C02H. 

In  the  case  of  the  metameric  paraffin  derivatives,  the  fusing  point  is  generally 
higher  in  those  compounds  which  contain  most  carbon  in  the  form  of  CH3 ; thus, 
pseudo-valeric  or  tertiary  valeric  acid,  C(CH3)3.C02H,  fuses  at  about  34°  C.,  while 
normal  valeric  acid,  CH3(CH2)3.C02H,  fuses  below  - 160  C.  Again,  tertiary  butyl- 
alcohol,  C(CH3)3.OH,  fuses  at  250  C. ; and  normal  butyl-alcohol,  CH3(CH2)3.OH,  is 
liquid  even  below  o°  C. 

In  the  benzene-hydrocarbons,  the  substitution  of  CH3  for  H raises  the  fusing 
point ; thus,  toluene,  C0H5.CH3,  and  xylene,  C0H4(CH3)2,  are  liquids ; but  durene, 
C.H„(CH3)„  fuses  at  8o°  C.  In  these  also,  when  they  have  the  same  molecular 
weio-ht,  the  fusing  point  rises  with  the  number  of  methyl  groups  directly  united 
to  carbon  ; for  example,  amyl-toluene,  C7H7.CH3(CH2)4,  is  liquid,  while  hexamethyl- 
benzene,  CB(CH3)6,  is  solid,  fusing  at  150°  C.  Even  in  compounds  which  are 
strictly  isomeric,  the  position  of  the  component  radicals  will  affect  the  fusing 
point,  the  para-compound  having  generally  the  highe  t fusing-point ; thus,  ortho- 

I J L _ J 

xvlene  C=C — C— C — C— C,  and  meta-xylene,  C— C — C— C— C— C,  are  liquids  ; 
’lIHHHH  • | H | H H H 

CH3  ch3  ch3  ch3 

but  para-xylene,  C=C— C=C— C=C,  is  a solid,  fusing  at  150  C. 

I H H | H IT 
CH3  ch3 

614.  Boiling  points  of  organic  compounds. — The  boiling  point  of  a liquid  is  that 
temperature  at  which  its  molecules  are  capable  of  converting  heat  into  motion 
sufficient  to  enable  them  to  overcome  entirely  the  attraction  holding  them  to  each 
other,  and  to  extend  themselves  in  all  directions  through  space.  Under  ordinary 
conditions,  their  extension  is  impeded  by  the  pressure  of  the  atmosphere  upon 
the  surface  of  the  liquid,  so  that,  for  experimental  work,  the  boiling  point  is  that 
temperature  at  which  the  molecules  are  capable  of  acquiring  sufficient  motion  to 
overcome  a pressure  of  760  millimetres  of  mercury  (at  0°  C.).  Since  the  boiling 
point  refers  to  a certain  standard  of  external  work,  it  exhibits  a more  definite 
relation  to  the  constitution  of  the  molecules  than  is  the  case  with  the  fusing  point. 
In  homologous  series,  the  boiling-point  increases  with  the  molecular  weight,  but 
the  increase  due  to  each  addition  of  CH2  varies  in  different  series.  It  is  most 
uniform  in  the  normal  primary  alcohols  of  the  paraffin  series  (p.  490),  where  each 
addition  of  CI12  increases  the  boiling  point,  on  the  average,  by  19L4  C.  In  the 
series  of  aldehvds  derived  from  these  alcohols  (p.  502),  the  increase  in  boiling 
point  is  also  fairly  regular,  but  it  averages  26°.2  for  each  addition  of  CM.,.  In  the 
corresponding  acids,  the  increase  is  much  less  uniform,  but  the  average  increase 
is  about  19°.  In  the  single  ketones  (p.  45^)  > Ihe  mean  increase  in  boiling  point 
for  each  CH2  added  is  20°.  5.  In  the  simple  ethers,  the  increase  is  26  . 
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In  the  homologous  series  of  hydrocarbons,  the  increase  in  boiling  point  for  each 
addition  of  CH2  is  irregular,  but  generally  diminishes,  as  the  number  of  carbon- 
atoms  increases.  Those  hydrocarbons  of  the  paraffin  and  olefin  series  which 
contain  the  same  number  of  carbon-atoms  exhibit  a similarity  in  their  boiling 
points : — 


Paraffins  C5H,„  38°  C6HI4  70°  G,HW  98° 

Olefins  . CSH10  35°  C6H12  70°  C7H14  ioo° 


CsH18  1250  C16H34  278* 

CsH18  1250  C1SH„  2750 


The  isologous  hydrocarbons  of  the  acetylene  series  hare  higher  boiling  points, 
and  those  of  the  benzenes  are  higher  still — 


Acetylenes  CSHS  45°  C8H10  8o°  C7H12  107°  CSH14  1330 

Benzenes  ' ...  C(.H(.  8i°  C_HS  111°  CSH10  140° 


C,„H1S 

C10HH 


The  substitution  of  ITO  for  H in  the  conversion  of  the  paraffin  hydrocarbons 
into  alcohols  increases  the  boiling  point  greatly,  but  in  a ratio  which  decreases 
in  nearly  the  same  proportion  in  which  the  molecular  weight  of  the  alcohol 
increases — 


Hydrocarbons  C.H,.,  38°  C„HU  70°  C7H18  98°  CgHlg  125° 

Alcohols  . 05Hi20  1370  C8H140  1570  C.H180  170°  C8H1hO  1910 

A similar  increase  in  boiling  point  is  produced  by  the  substitution  of  HO  for  H 
in  the  conversion  of  an  aldehyd  into  an  acid — 

Aldehyde.  C.,H40  20°.8  CsHeO  490  C4HsO  750  C5H10O  1020 

Acids  . C*H,02  1 1 8°  C3H602  142°  C4H802  163°  C5H10O2  1750 

Metameric  bodies  which  belong  to  the  same  class  often  have  nearly  the  same 
boiling  points — 


Propione 

. C.,H5.CO.C.JIr 

ioo° 

Methyl-propyl  ketone  . 

. CH3.CO.C3H. 

IOI° 

Methyl-butyl  ketone  . 

. ch3.co.c4h' 

1270 

Propyl-ethyl  ketone 

. C3H7.CO.C2H. 

128° 

Ethyl  formate 

. C2H5.CHO„ 

55° 

Methyl  acetate 

. CH3.C2H302 

56° 

But  this  is  not  the  case  when  they  belong  to  different  classes — 

Methyl-ethyl  ketone  ....  CH3.CO.C„H5  8i° 

Methyl-allyl  ether  ....  CH3.O.C3H.  46° 

Propione C„Hr.CO.C„Hr  iooa 

Ethyl-allyl  ether C2H5.O.CsH5  64° 

The  ethereal  salts  have  lower  boiling  points  than  the  acids  which  are  metameric 
with  them — 


Meth3'l  formate  . 

. ch3.cho2 

36° 

Ethyl  formate 

. c.,h5.cho„ 

55° 

Acetic  acid  .... 

. H.C2H30„  * 

1 18° 

Propylic  acid  . . . . 

. h.c3h5o; 

1420 

In  the  isomeric  hydrocarbons,  the  normal  compound  has  the  highest  boiling- 
point,  which  falls  as  the  number  of  methyl  groups  increases  ; thus,  normal  butane, 
H3C(CH2)2CH3.  is  liquefied  at  i°  C.,  while  iso-butane,  H3C.CH(GH3).CH3,  remains 
liquid  till  - 1 70  C. 


Pentanes,  C5HI2. 

Normal 

Iso-  .... 
Neo-  .... 
Hexanes , C8H14. 

Normal 

Iso-  .... 
Neo-  .... 
Tri-methyl-ethyl  methane 
Heptanes,  C7H1(|. 

Normal 

Iso-  .... 
Tri-ethyl  methane 
Di-ethyl-di-methyl  methane 


H3C(CR,)3CH3  . 
h„c.ch;.ch(ch3).ch3 
(H3C)2C(CH3)2  . 

H3C(CH.,)4CH,  . 

H3C(CH2)2CH(CH3),  . 

H3C)2(CH)2(CH3)2  . 

H3C)sC(C2H5)  . 

H3C(CH215CH3  . 
H3C(CH2)3CH(CH3)„  . 

(CH.,.CH3!3CH  . 

(CH2.CHs)2C(CH3)2  . 


Ii.p. 

38° 

30° 

9.50 

720 

62° 

58° 

45° 

97° 

91° 

96° 

86° 

B 
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It  is  evident  that  the  boiling  point  is  lowered,  in  these  isomeric  hydrocarbons, 
by  the  substitution  of  ethyl  and  methyl  for  hydrogen,  and  is  lowest  in  those  com- 
pounds in  which  the  carbon  is  united  to  the  compound  radicals  only.  The  same 
tendency  is  observed  in  the  isomeric  olefins  ; thus — 

Amylene  . . . H3C(CH2).,CH  : CH2,  boils  at  73°,  and 

Iso-amylene  . . (H3C)2C  : CH(C!H3)  ,,  350 


Isomeric  alcohols. 
then 


come  the  iso-alcohols,  while  the 

secondary  and  tertiary  alcohols  have  the 

t boiling  points. 

Propyl  alcohols,  C3H7.OH. 

B.P. 

Normal  primary  . 

H3C.CH2.CH2.OH 
(H..C).,.CH.OH  . 

97° 

Iso- 

84° 

Butyl  alcohols,  C.H,,.OH. 

Normal  primary  . 

H3C(CH„).,CH,.OH  . 

117° 

Iso- 

(h3c)„ch'ch;.oh  . 

1060 

Secondary  .... 
Tertiary  iso-  . 

H3C.CH„.CH(OH)CH3 

97° 

H3C.G(C'H3)2.OH 

83° 

Amyl  alcohols,  CJEL..OH. 

Normal  primary  . 

H3C(CH„)3CH.1.0H  . 

137° 

a-Iso-  ..... 

(H3C),CH.CH2‘.CH,.OH 

129° 

P- 

h3c.ch,.oh.ch.ch,ch3  . 

127° 

a-Secondary 

H3C(CH2)2.CH(OH).CH3  . 

121° 

p- 

H3C.CH2.CH(OH).CH2.CH3 

xi6° 

Secondary  iso- 
Tertiary  iso- 

(H3C)„CH.CH(0H)CH;  . 

106° 

H3C.CH„.C(CH3)2.OH 

IOO° 

Hexyl  alcohols,  C..H...OH. 

Normal  primary  . 

H3C(CH„)4CH,.OH  . 

157° 

a-Seconclary 

H3C(CH')3CH(OH).CH3  . 

137° 

Diethyl-metliyl  carbinol 

(C2Hs)2.C(OH)CH3  . . 

120° 

Pinacolyl  alcohol 

(H3C)3.C.CH(OH)CH3 

120° 

Dimethyl-propyl  carbinol 

(H3C)2.C(OH)(CH2)2.CH3  . 

115° 

Dimethyl-isopropyl  carbinol 

(H3C)2.C(OH)CH(CH3)2  . 

1 13° 

Isomeric  aldehycls. — Here,  also,  the  normal  compounds  have  the  highest  boiling 
points. 

Butyric  aldehycls , CJH„.CHO.  b.p. 


Normal 

. H3C(CH„).,.CHO 

• 75° 

Iso-  .... 

. (h3c)2ch:cho  . 

. 6i° 

Valeric  aldehyds,  C^H^CHO. 
Normal 

. H3C(CH.,)3CHO 

. 102° 

Iso-  .... 

. (H3C)2CH.CH2.CHO  . 

. 92°.5 

Isomeric  Acids. — These  exhibit  a similar  relation  in  their  boiling  points. 


Butyric  acids,  C3H7.C02H. 
Normal 
Iso- 

Valeric  acids,  C,Hg.C02H. 
Normal  . , 

Iso-  .... 
Methyl-ethyl-acetic  acid 
Trimethyl-acetic  acid  . 
Crotonic  acids,  C3H..C02H. 
Crotonic 

Iso-  .... 


H3C(CH2)„.CO,H 

(h3c)2ch:co.,h  . 


B.P. 

I63° 

154° 


HsC(CH.,),.C02H 
(H3C)2CH.CH2.C02H  . 
H3C.CH2.CH(CH3).C02H 
(H3C)3.C.CO.,H  . 


184° 
1 75° 
1 73° 
1610 


H„C.CH  : CH.CO,H 


H..C  : CH.CH„.CO.,H 


1S20 

1720 


6x5.  Influence  of  position-isomerism  on  the  boiling  point. — When  any  other  element 
or  group  is  substituted  for  hydrogen  in  an  organic  compound,  the  boiling  point  is 
raised,  and  if  more  than  one  atom  of  hydrogen  be  replaced,  the  boiling  point,  in 
the  isomerides  thus  produced,  will  generally  be  higher  where  the  substituting 
radicals  are  at  the  greatest  distance  from  each  other.  Thus,  ethylidene  dichloride, 
H3C.CHC12,  boils  at  58° ; whilst  ethene  dichloride,  C1H2C.CH2C1,  does  not  boil  till 
85°.  Again,  dibromopropane,  H3C.CBr2.CH3,  boils  at  1140;  propene  dibromide,  _ 
HSC . CHBr . CH2Br,  at  1420 ; and  trimethene  dibromide,  BrH2C.CH2.CH2Br,  at  above 
1600.  Ortho-cresol,  CaH4.CH3.OH(i : 2),  boils  at  190° ; meta-cresol  (1  : 3)  at  1950;  1 


SPECIFIC  VOLUMES. 


739 


andpara-cresol  (i  : 4)  at  198°.  Ortho-chloraniline,  C8H4C1.NH,,(  1 . 2),  boils  at  207  , 
meta-chloraniline  (1:3)  at  230° ; and  para-chloraniline  (1  : 4)  at  231  Diamido- 
toluene,  C6H3(CHs)(NH2)2(i  : 2 : 3),  boils  at  270° ; and  (1  : 2 : 4)  at  280  Further  in- 
vestigation  of  the  boiling  points  of  isomerides  is  necessary  fully  to  establish  this  law. 

616.  Specific  volumes  of  organic  liquids.  It  has  been  seen  that  the 
specific  volumes  of  the  vapours  of  organic  compounds,  obtained  by  dividing  the 
molecular  weight  by  the  vapour-density,  are  in  all  cases  alike  ; but  this  is  not  the 
case  with  the  specific  volumes  of  liquids,  which  depend  upon  the  attraction  exerted 
between  their  molecules,  which  must  of  course  vary  with  the  nature  of  the  mole- 
cules themselves.  Since,  at  their  respective  boiling  points,  all  liquids  are  in  a 
similar  condition  in  regard  to  the  further  effect  of  heat  upon  them,  it  might  be 
expected  that  their  molecular  weights,  divided  by  their  specific  gravities  (at  the 
boiling  point)  would  yield  quotients  bearing  some  definite  relation  to  each  other, 
since  these  quotients  represent  the  molecular  volumes  of  the  compounds  in  the 
liquid  state  (at  the  boiling  point) ; that  is,  the  relative  (or  specific)  volumes,  within 
which  the  motions  of  each  molecule  are  restricted,  or  the  space  which  each  mole- 
cule keeps  free  from  other  molecules.  _ _ „ , 1 

The  molecular  volume  of  water,  calculated  in  this  way,  is  18.8  ; that  of  methyl- 
alcohol  is  42.  Then  CH40  - H.,0  = CH„ ; and  42  -18.8  = 23.2,  which  is  the  increase 
in  molecular  volume,  due  to  the  addition  of  CH.,  to  H20.  The  molecular  volume 
of  ethyl-alcohol  is  62.5,  or  higher  than  that  of  methyl-alcohol  by  20.5,  which  re- 
presents the  increase  due  to  0H„.  The  molecular  volume  of  acetic  acid  is  64,  and 
that  of  formic  acid  42,  giving  22  as  the  increase  due  to  CH„.  The  mean  of  the 
three  values  is  21.9,  and  this  is  almost  exactly  the  difference  in  the  molecular 
volumes  calculated  for  the  homologous  acids,  from  formic  to  valeric.  1 he  mole- 
cular volume  appears  to  depend  upon  the  number  and  nature  of  the  atoms  con- 
tained in  the  molecule,  rather  than  upon  their  grouping ; thus,  ethyl-acetate, 
C.,H..C.,H30.„  has  the  same  molecular  volume  as  its  metameride,  butyric  acid, 
H0.C4H70. ' Octane,  CsHla,  has  a molecular  volume  =187,  and  if  we  deduct  from 
this  (CH2)8=  176,  the  difference,  ir,  represents  the  molecular  volume  of  H,,  giving 
5.5  for  the  atomic  volume  of  hydrogen.  Cymene,  has  the  molecular  volume 

187,  which  differs  from  (CH2)„  or  22x7,  by  33,  which  represents  the  increase  in 
molecular  volume  due  to  C3,  and  gives  1 1 for  the  atomic  volume  of  carbon. 

By  deducting  the  volume  of  H2  (n)  from  that  of  H20  (18.8),  7.8  is  obtained  for 
the  atomic  volume  of  oxygen. 

From  these  values  the  specific  volumes  of  many  molecules  may  be  calculated, 
and  are  found  to  agree  very  nearly  with  those  obtained  by  dividing  the  molecular 
weight  by  the  specific  gravity  of  "the  liquid  at  its  boiling-point ; for  example 

Methyl  alcohol,  CH40,  gives  n+(5-Sx4)  + 7-8=  40.8  instead  of  42 
Ethyl  „ C.,HbO  „ (n  x 2) + (5. 5 x 6) + 7.8=  62.8  „ 62.5 

Ether  „ C4"H10O  „ (i  i x 4) + (5.5  x 10)  + 7-8=  106.8,  which  is  correct. 

Phenol  „ C„H60  „ (n  x 6)  + (5.5  x 6)  + 7-8  = 106.8 

But  formic  acid,  CH202,  the  specific  volume  of  which  is  41. 5,  gives  only  37-6  as. 
the  sum  of  1 1 + (5.5x2)  + (7.8x2).  „ , , . , 

Again,  acetone,  CsH60,  with  a specific  volume  =77.6,  gives  only  73.8  (which 
agrees  with  that  found  for  allyl-alcohol,  also  C3H0O)  by  the  addition  of 

(11  x 3) + (5.5x6) + 7.8. 

O 

II 

The  structural  formula  of  acetone  is  HSC— C— CH3,  the  oxygen  being  doubly 
ked  to  a carbon  atom,  whilst  in  the  alcohols,  ethers  and  phenols,  it  is  only 
singly  linked  to  a carbon  atom. 

Deducting  from  the  specific  volume  of  acetone  (77-6)  that  of  CSH8  (66),  there  re- 
mains 1 1.6  as  the  atomic  volume  of  oxygen,  when  doubly  linked  to  a carbon-atom. 

0 

II 

Formic  acid  has  the  structural  formula,  HC — OH,  so  that  it  contains  a singly 
linked  and  a doubly  linked  oxygen  atom  ; hence  its  molecular  volume  should  be 
the  sum  of  n +(5.5  x 2)  + 7.8  +11.6  = 41.4,  which  is  very  nearly  correct. 

Acetic  acid,  H3C(C  : 0)0H,  gives  (5.5  x 4)  + (11  x 2)  + 7.8  + 11.6  = 63.4,  instead 
of  63.6. 
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Aldehyd,  H3C(C  : 0)H,  gives  22  + 22+11.6=55.6,  instead  of  56.5,  whereas  if  its 
formula  were  H2C.O.CH2,  it  would  give  22  + 22  + 7.8  = 51.8. 

The  specific  volume  of  an  atom  of  nitrogen  singly  linked  to  carbon,  as  in  methyl- 
amine,  H3C — NIT2,  is  2.3  ; but  when  trebly  linked  to  carbon,  as  in  methyl  cyanide, 
H3C — C=N,  its  specific  volume  is  17. 

Sulphur,  singly  linked  to  carbon,  has  the  specific  volume  23  ; but  when  doubly 
linked,  it  is  28.6.  The  specific  volume  of  chlorine  is  22.8,  of  bromine  27.8,  and  of 
iodine  37.5. 

Recent  experiments  indicate  many  exceptions  to  the  simple  laws  of  specific 
volume  here  set  forth.  Thus,  ethylene  chloride,  C1H2C.CH2C1,  and  ethylidene 
chloride,  H3C.CHC12,  which  have  the  calculated  specific  volume,  89.5,  give,  by  ex- 
periment, respectively,  85.34  and  88.96,  a difference  too  great  to  be  ascribed  to 
experimental  errors.  Benzene,  and  some  other  members  of  the  aromatic  group, 
also  exhibit  considerable  deviation,  the  observed  specific  volumes  being  lower  than 
those  calculated. 

617.  Optical  properties  of  oroaxic  compounds. — Since  the  phenomena  of  light 
depend  upon  the  waves  excited  in  the  asther  which  fills  the  spaces  between  the 
molecules  of  matter,  the  motions  of  these  molecules  must  exert  an  influence  upon 
the  optical  properties  of  the  substances  which  they  compose. 

The  molecular  conditions  which  regulate  the  colour  of  compounds,  by  enabling 
them  to  absorb  certain  of  the  waves  composing  white  light,  and  to  reflect  or  trans- 
mit others,  are  not  as  yet  understood,  but  colour  is  most  commonly  associated 
with  high  molecular  weight. 

Much  attention  has  been  devoted  to  the  comparison  of  the  refractive  powers  of 
liquid  organic  compounds,  that  is,  to  the  amount  of  deviation  from  its  original 
path  which  a wave  of  light  suffers  in  passing  through  the  liquid  in  any  direction 
except  that  perpendicular  to  the  surface.  The  full  discussion  of  this  subject 
requires  the  study  of  optics,  but  it  may  be  stated  that  from  the  amount  of  devia- 
tion is  calculated  the  specific  refractive  power  of  the  liquid,  which  is  closely  con- 
nected with  the  nature  of  its  molecules.  The  molecular  refractive  energy,  or 
refraction-equivalent,  is  found  by  multiplying  the  molecular  weight  by  the  specific 
refractive  power.  Compounds  which  have  the  same  molecular  weight  and  belong 
to  the  same  or  to  nearly  related  classes  of  organic  compounds  generally,  have 
nearly  the  same  refraction  equivalent ; thus,  the  number  for  methyl  acetate, 
CH3.C2H302  is  28.78,  and  that  for  ethyl  formate,  C2H5.CH02  is  28.61.  Butyl-alcohol, 
C,H9.OH,  gives  36.11,  and  ether,  C2H5.O.C2H5,‘  36.26.  Polymeric  bodies  have 
refraction  equivalents  nearly  proportionate  to  their  molecular  weights ; thus, 
aldehyd,  C2H„0,  has  the  refraction  equivalent  18.5,  butyric  acid,  C4Hs02,  36.6, 
and  paraldehyd,  CGH1203,  52.5.  In  the  homologous  alcohols  and  acids  derived 
from  the  paraffin  hydrocarbons,  the  refraction-equivalent  increases  by  about  7.6  for 
each  addition  of  CH2 ; thus,  acetic  acid,  C2H402,  having  the  refraction-equivalent 
21. 1,  oenanthic  acid  should  give  21. 11  + (7-6  x 5)  = 59- 1 j which  nearly  agrees  with 
that  observed,  59.4. 

By  a method  similar  to  that  explained  in  the  case  of  specific  volumes,  the 
refraction-equivalents  of  the  elements  may  be  calculated,  and  they  are  found  to 
be,  for  carbon,  4.86,  for  hydrogen,  1.29,  for  oxygen  singly  linked  to  carbon,  2.71, 
and  for  oxygen  doubly  linked,  3.29.  From  these  numbers,  the  refraction-equiva- 
lent of  a liquid  may  be  calculated  from  its  formula,  as  in  the  case  of  its  specific 
volume,  and  the  result  agrees  very  nearly,  in  a great  many  cases,  with  that  obtained 
by  experiment.  But  there  is  sufficient  deviation  to  indicate  that  the  grouping  of 
the  atoms,  as  well  as  their  nature  and  number,  influences  the  refraction-equivalent. 
Thus,  in  the  terpenes,  the  observed  equivalent  exceeds  that  calculated  by  the 
constant  number  3,  while  in  the  benzenes  the  excess  amounts  to  6.  It  would 
appear  that  when  a carbon  atom  is  doubly  linked  to  another  carbon  atom,  its 
refraction-equivalent  is  5-86  instead  of  4.86,  so  that  the  six  doubly  linked  carbon 
atoms  in  the  benzene  ring  (page  731)  would  explain  the  excess  in  the  refraction - 

equivalent.  . . . ,. 

When  liquids  having  different  refraction-equivalents  are  mixed,  the  retraction- 
equivalent  of  the  mixture  is  the  sum  of  those  of  its  constituents,  so  that  the 
proportions  in  which  these  are  present  may  be  calculated. 

Polarised  light,  in  which  the  mther  waves  all  vibrate  in  the  same  plane,  under- 
goes a change  in  its  passage  through  some  liquids,  the  plane  of  vibiation  being 
turned  through  a certain  angle  towards  the  right  or  left,  so  that  an  analyser  01 
transparent  crystal,  through  which  the  original  polarised  light  failed  to  pass,  ha* 
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now  to  be  rotated  through  a certain  number  of  degrees  to  the  right  or  left,  in 
order  again  to  become  opaque  to  the  polarised  beam,  the  angle  through  which 
the  analyser  must  be  turned  to  etfect  this  is  called  the  angle  of  rotation,  and  the 
liquid  under  examination  is  said  to  be  dextro-  ( + ) or  kevo-(  — ) rotatory  accord- 
ingly as  it  is  necessary  to  turn  the  analyser  round  in  the  direction  of  the  hands  of 
a watch  or  otherwise.  This  angle  of  rotation,  in  the  case  of  any  given  substance, 
varies  directly  as  the  strength  of  the  solution,  its  specific  gravity,  and  the  length 
of  the  column  of  liquid  through  which  the  light  passes.  1 or  different  substances, 
the  angle  of  rotation  also  varies  with  the  specific  rotatory  power,  which  is  found  by 
dividing  the  angle  of  rotation  by  the  product  obtained  by  multiplying  together 
the  w’eight  of  the  substance  in  one  gramme  of  the  liquid,  the  specific  gravity  of 
the  liquid,  and  the  length  of  the  column  in  decimetres.  For  example,  a beam  of 
polarised  light  was  passed  through  a tube  with  glass  ends,  .50  decimetre  long, 
filled  with  turpentine,  of  specific  gravity  (at  the  temperature  of  the  experiment) 
.8712,  and  it  was  requisite  to  turn  the  analyser  160  in  the  opposite  direction  to 
the  hands  of  a watch  in  order  to  prevent  light  from  reaching  the  eye  of  the  ob- 
server. This  would  give  for  the  specific  (lawo)  rotatory  power,  r x.87I2x.~5  = 36-7' 

It  is  evident  that  if  the  specific  rotatory  power  of  a substance  be  known,  a cal- 
culation like  this  would  give  the  weight  contained  iu  each  gramme  of  the  solution, 
and  this  is  turned  to  account  in  the  saccharimeter  for  determining  the  proportion 
of  sugar  in  a solution. 

This  rotatory  power  is  found  most  commonly  in  vegetable  and  animal  products 
and  their  immediate  derivatives,  as  will  have  been  seen  in  the  description  of  such 
bodies,  and  it  has  been  pointed  out  that  it  depends  upon  some  peculiarity  in  the 
structure  of  the  molecule.  Recent  observations  render  it  probable  that  much 
information  will  be  derived  from  the  study  of  circular  polarisation  with  respect 
to  the  true  configuration  of  molecules. 

All  liquids  exhibit  some  rotatory  power  for  polarised  light  when  they  are  under 
the  influence  of  a powerful  (electro)  magnet,  and  the  amount  of  the  rotation, 
compared  with  that  produced  by  water  under  the  same  conditions  is  called  the 
magnetic  rotatory  poiver.  The  molecular  magnetic  rotation  obtained  by  mutiplying 
the  rotatory  power  by  the  molecular  weight,  and  dividing  by  the  specific  gravity 
of  the  liquid,  exhibits  a definite  relation  to  the  composition  of  the  molecule,  and 
increases  by  1.023  for  each  addition  of  CH.2  in  homologous  series.  Proceeding  on 
the  same  principle  as  in  the  case  of  specific  volumes  (page  739),  the  atomic 
magnetic  rotatory  power  of  carbon  is  found  to  be  .5151  that  of  hydrogen,  .254,  of 
singly  linked  oxygen,  .194,  and  of  doubly  linked  oxygen,  .263,  and  from  these,  in 
many  cases,  the  molecular  magnetic  rotatory  power  of  compounds  may  be  cal- 
culated, or  conversely,  a knowledge  of  the  rotatory  power  may  be  applied  to 
determine  a molecular  formula. 

618.  Absorption  spectra  of  organic  compounds  for  chemical  rays.— The  light 
emanating  from  the  sun  and  from  the  electric  spark  is  accompanied  by  many 
other  waves  whose  period  of  vibration  is  so  short  that  they  produce  no  impression 
upon  the  eye,  or  upon  the  thermometer,  and  are  only  detected  by  their  power  of 
chemically  decomposing  the  salts  of  silver  and  other  photographic  materials. 
The  shortness  of  these  waves  causes  them  to  suffer  a greater  amount  of  deviation 
or  refraction  than  the  luminous  waves  when  the  light  is  passed  through  a prism, 
so  that  their  effects  are  chiefly  perceived  in  that  part  of  the  spectrum  which  lies 
beyond  the  violet  light,  and  is  usually  termed  the  ultra-violet.  Many  substances 
which  are  perfectly  transparent  are  able  to  intercept  a large  proportion  of  these 
actinic  waves  as  they  are  termed,  and  are  said  to  be  adiactinic,  whilst  those  which 
transmit  them  freely  are  diactinic. 

Rock  crystal,  or  quartz,  is  much  more  diactinic  than  glass,  and  lenses  and 
prisms  of  this  material  are  used  in  experiments  upon  this  subject,  the  light  of  a 
stream  of  electric  sparks  being  allowed  to  pass  through  the  slit  of  a spectroscope 
(page  273),  through  a cell  with  quartz  sides  containing  the  liquid  under  examina- 
tion, then  through  a quartz  lens  and  prism,  and  afterwards  upon  a sensitive  photo- 
graphic plate  upon  which  that  portion  of  the  ultra-violet  waves  which  has  passed 
through  leaves  its  impression. 

It  has  been  shown,  by  such  experiments,  that  the  normal  alcohols  derived  from 
the  paraffins  are  highly  diactinic,  and  that  the  corresponding  acids  are  somewhat 
less  so,  absorbing  more  of  the  highly  refrangible  waves  remote  from  the  violet 
end  of  the  spectrum ; the  diactinic  character  decreasing,  in  both  acids  and 
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alcohols,  as  the  molecular  weight  increases.  Benzene  and  its  derivatives  are 
highly  adiactinic,  and,  when  employed  in  strong  solutions,  are  often  capable  of 
absorbing  all  the  ultra-violet  waves  ; but  when  diluted  to  a certain  extent  with 
water  or  alcohol,  they  allow  some  of  the  waves  to  pass,  and  produce  photographs 
of  spectra  exhibiting  absorption  bands  due  to  this  selective  absorption.  Since 
isomeric  benzene  derivatives  exhibit  very  different  absorption-bands,  the  selective 
absorption  must  be  due  to  vibrations  within  the  molecules,  while  the  general 
absorption,  which  varies  with  the  molecular  weight,  is  caused  by  the  vibration  of 
the  molecules  themselves.  There  is  very  strong  evidence  that  the  absorption- 
bands  in  the  ultra-violet  spectrum  are  exhibited  only  by  those  compounds  in- 
which  the  carbon-atoms  form  dosed  chains,  as  in  benzene  (page  731),  and  naphtha- 
lene (page  734),  in  which  there  are  three  pairs  of  doubly  linked  carbon  atoms. 

Hydrocyanic  acid  is  remarkably  diactinic,  and  gives  no  absorption-bands,  but 
cyanuric  acid  exhibits  strong  absorption-bands,  and  those  compounds  in  which 
an  atom  of  nitrogen  has  been  substituted  for  an  atom  of  carbon  in  the  benzene 
or  naphthalene  nucleus,  as  in  pyridine,  C5H5N,  and  quinoline,  C9H,N,  still  retain 
the  property  of  selective  absorption  for  the  ultra-violet  rays.  Probably  cyanuric 
acid  contains  a closed  chain  with  three  carbon-atoms  doubly  linked  to  nitrogen  ; 

] I 

thus,  C— N — C=N  — C— N. 

I I I 

OH  OH  OH 

The  terpenes,  C10H18,  possess,  in  a high  degree,  the  power  of  absorbing  the  ultra- 
violet rays,  though  they  are  inferior  in  this  respect  to  benzene  and  its  derivatives. 

Terpenes  of  the  formula,  C15H21,  have  a greatly  increased  absorption  power,  but 
neither  the  terpenes  themselves  nor  their  oxides  or  hydrates  exhibit  absorption- 
bands  if  they  are  pure,  but  if  they  contain  benzene  derivatives  they  exhibit 
absorption-bands  when  diluted  with  alcohol,  thus  affording  a delicate  test  for 
adulteration. 

Starch,  glucose,  saccharose,  diastase,  and  gelatin  are  highly  diactinic,  and  show 
no  absorption-bands,  while  albumen,  casein,  and  serin  exhibit  absorption-bands  in 
dilute  solutions. 

The  photographic  absorption-spectra  afford  a most  accurate  method  of  identify- 
ing organic  substances,  and  a most  delicate  test  of  their  purity,  since  the 
absorption-bands  are  visible  in  solutions  of  extreme  dilution. 

Hartley  infers,  from  the  wave-lengths  of  the  absorbed  rays,  that  the  molecule 
of  benzene  has  1248  billions  of  vibrations  per  second,  that  of  naphthalene  1177 
billions,  and  that  of  anthracene  910  billions. 


In  consequence  of  the  change  in  the  classification  adopted  in  the  Fifth  Edition, 
the  following  alcohol-derivatives  have  been  omitted  from  their  proper  places. 

Chloral,  or trichloraldehyd,  CC1S.00H,  is  prepared  bypassing  thorougldy 
dried  chlorine  into  absolute  alcohol,  which  must  be  placed  in  a vessel  sur- 
rounded by  cold  water  at  the  commencement,  because  the  absorption  of 
chlorine  is  attended  by  great  evolution  of  heat.  The  passage  of  chlorine 
is  continued  for  many  hours,  and  when  the  absorption  takes  place  slow h . 
the  alcohol  is  gradually  heated  to  boiling,  the  chlorine  being  still  passed 
in  until  the  liquid  refuses  to  absorb  it.  The  principal  reaction  is  repre- 
sented by  the  equation,  CH,.CHs.OH  + 4Cla  = 5HCI  + CCls.COH  ; but 
the  HOI  acts  upon  part  of  the  alcohol,  forming  ethyl  chloride  and  watei . 
On  cooling,  the  product  solidifies  to  a crystalline  mixture  of  the  com- 
pounds of  water  and  alcohol  with  chloral,  from  which  the  lattei  may  >e 
obtained  by  distillation  with  sulphuric  acid. 

On  the  large  scale,  chlorine  is  passed  into  alcohol  of  at  least  96  pei 
cent,  for  twelve  or  fourteen  days.  The  crude  product  is  heated  with  an 
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equal  weight  of  strong  sulphuric  acid  in  a copper  vessel  lined  with  lead. 
HC1  escapes  at  first,  and  the  chloral  distils  over  at  about  ioo  h.  The 
distillate  is  rectified,  and  mixed  with  water  m glass  flasks,  when  chloral 
hydrate,  CC13.C0IT.II,0,  is  formed,  which  is  poured  into  porcelain  basins, 

where  it  crystallises.  „ n r , 

Chloral  is  a liquid  of  sp.  gr.  1.5,  and  boiling  point,  97  0.  It  has  a 
pungent  tear-exciting  odour,  and  irritates  the  skin  Exposed  to  air,  it 
absorbs  water  and  forms  crystals  of  the  hydrate,  which  is  produced  at 
once  when  chloral  is  stirred  with  a few  drops  of  water,  heat  being 
evolved.  When  quite  pure  it  may  be  kept  unchanged,  but,  111  presence 
of  impurities,  especially  of  sulphuric  acid,  it  soon  becomes  an  opaque 
white  mass  of  metachloral,  which  is  insoluble  m water,  alcohol,  and  ether. 
This  is  probably  formed  by  the  condensation  of  three  molecules  of  chloral 
into  which  it  is  reconverted  at  180°  C.  It  will  be  remembered  that 
aldehyd  is  liable  to  a similar  polymerisation.  Chloral  also  lesembles 
aldehyd  in  forming  crystalline  compounds  with  hydrosodium  sulphite, 
and  in  giving  a mirror  of  silver  with  the  ammonio-mtrate.  With  am- 
monia, it  forms  CC13.C(N’Ho.0H)H,  corresponding  to  aldehy el-ammonia. 
Zinc  and  HC1  substitute  IT,  for  the  Cl3  in  chloral  converting  it  into  alde- 
hyd. Nitric  acid  oxidises  it  to  trichloracetic  acid,  CC13.C0.,H.  Potash  de- 
composes it  easily;  CC13.C0II  + KOPI  - CCl;jH,  chloroform,  + H.CO.OK, 
potassium  formate.  Chloral  is  formed  when  starch  or  sugar  is  distilled 

with  HC1  and  Mn0o.  . . , . f 

Chloral  hydrate,  'CC13.C(0H)2H,  produced  by  the  combination  of 
chloral  with  water,  forms  prismatic  crystals,  which  are  very  soluble  m 
water  and  alcohol,  and  have  the  odour  of  chloral.  It  fuses  at  about 
co°  C and  boils  at  97°,  but  is  dissociated  into  chloral  and  steam,  which 
recombine  on  cooling.  Chloral  hydrate  is  employed  medicinally  for  pro- 
curing sleep.  , . , , , . v 

Chloral  alcoholate,  CC13.C.0H.0C2IL.H,  is  formed  when  chloral  is  dis- 
solved in  alcohol.  It  forms  crystals  like  the  hydrate,  but  is  rather  less 

soluble  in  water.  . • -i 

Bromal,  obtained  by  the  action  of  bromine  on  alcohol,  is  very  similar 

to  chloral.  „ , , 

Croton-chloral,  or  butyl-chloral,  0,H1C1J.C0H,  has  the  same  relation 
to  butyl  aldehyd,  C.H..COH,  that  chloral  has  to  etliyl-aldehyd,  and  is 
prepared  by  substituting  aldehyd  for  alcohol  in  the  preparation  o 
chloral,  when  croton-aldehyd  is  first  produced,  and  is  converted  into 
butyl  chloral;  (1)  2CH8COH  = CH3.C2H2.COH,  croton-aldehyd , + H20; 
(2)  CH3.C2H2.COH  + 2C12  = C3H4C13.C0H  + HC1. 

Croton-chloral  is  an  oily  liquid  of  pungent  odour,  sp.  gr.  1 4,  and 
boiling-point,  164°  C. ' It  combines  with  water  to  form  a i}<  ra  e w ic  1 
dissolves  in  hot  water,  and  crystallises,  on  cooling,  in  plates  which  have 
a very  irritating  odour.  It  has  been  used  in  medicine.  ... 

Chloroform,  or  tri-chloromethane,  CHC13,  is  prepared  by  distilling 
1 part  of  alcohol  (sp.  gr.  .834)  with  10  parts  of  chloride  of  lime  and  40 
parts  of  water,  at  65°  C.,  until  about  4 part  has  passed  over ; the  dis- 
tilled liquid,  consisting  chiefly  of  water  and  chloroform,  separates  into 
two  layers;  the  chloroform,  which  is  at  the  bottom,  is  drawn  ofl, shaken 
with  strong  sulphuric  acid  to  remove  some  impurities,  and  wiien  it  has 
risen  to  the  surface  it  is  separated  and  purified  by  distillation  until  it 
boils  regularly  at  61°  C.  (142"  F.). 
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The  action  of  chloride  of  lime  on  alcohol  has  not  been  clearly  ex- 
plained ; it  might  he  expected  that  chloral  would  he  formed  at  first  by 
the  oxidising  and  chlorinating  actions,  and  that  this  would  he  converted 
into  chloroform  and  calcium  formate  by  the  strongly  alkaline  calcium 
hydrate  produced  from  chloride  of  lime  by  the  action  of  water  (see 
( !/doral) , but  much  CO.,  is  given  off,  causing  frothing  during  the  dis- 
tillation. Probably  the  chloroform  is  produced  by  some  such  reaction 
as  the  following — - 

3C.,HuO  + 8Ca(OCl).,  = 2CHC13  + SH,0  + CO,  + 5CaC],  + 3CaCO,. 

Pure  chloroform  is  more  easily  prepared  by  decomposing  chloral  hydrate 
with  potash  or  soda. 

Chloroform  is  a very  fragrant  liquid,  of  sp.  gr.  1.53,  and  boiling-point 
61  C.  It  is  very  useful  in  the  laboratory  as  a solvent,  and  is  much 
used  for  extracting  strychnine  and  other  alkaloids  from  aqueous  solu- 
tions. It  is  also  one  of  the  best  solvents  for  caoutchouc.  Chloroform 
is  very  slightly  soluble  in  water,  and  gives  it  a sweet  taste.  Alcohol 
dissolves  it  in  all  proportions,  and  it  is  nearly  as  soluble  in  ether.  Strong 
sulphuric  acid  does  not  affect  it,  and  is  not  coloured  by  pure  chloroform. 
Aqueous  solution  of  potash  does  not  decompose  it,  but  the  alcoholic 
solution  converts  it  into  potassium  chloride  and  potassium  formate ; 
CHCI3  + 4KOH  = 3KCI  + HCO.OK  + 2HOII.  If  Dutch  liquid  (C„H4C12) 
be  present  as  an  impurity  in  the  chloroform,  gaseous  chlorethylene 
(C,H,C1)  is  evolved.  When  heated  with  alcoholic  potash  and  anilin,  it 
yields  phenyl-carbamine  (p.  620);  the  powerful  odour  of  which  renders 
this  a delicate  test  for  chloroform.  Heated  with  alcoholic  solution  of 
ammonia,  in  a sealed  tube  to  180°  C.,  it  gives  ammonium  chloride  and 
cyanide;  CHC1„  + 5HH3  = 3HH4C1  + NH4.CN.  When  heated  with 
potassium-amalgam,  chloroform  evolves  acetylene;  2CHCl3-f- 3K.,= 
C,II,  + 6KC1.  That  chloroform  is  really  a substitution-derivative  from 
methane,  is  shown  by  its  conversion  into  that  gas  when  dissolved  in 
alcohol  and  heated  with  zinc-dust,  by  the  formation  of  tetrachloro- 
methane,  CC14,  by  the  action  - of  chlorine  (in  presence  of  iodine)  upon 
chloroform,  and  by  that  of  dichloro-methane,  CH„C12,  by  the  action  of 
zinc  and  sulphuric  acid. 

When  chloroform  is  heated  with  sodium  ethylate,  it  is  converted  into 
ortho-formic  ether;  CHC13  + 3NaOC2H.  = 3NaCl  + CH(OC2H.)s. 

Bromoform.  CHBr3,  is  produced  when  bromine  is  added  to  an  alcoholic 
solution  of  potash.  It  has  a general  resemblance  to  chloroform.  Crude 
bromine  sometimes  contains  bromoform. 

Iodoform , CITI3,  or  tri-iodo-methcine,  is  a product  of  the  action  of 
iodine  upon  alcohol  in  an  alkaline  solution,  the  immediate  agent  being 
probably  a liypo-iodite,  whilst  chloroform  is  produced  by  a hypo-clilorite. 
To  prepare  it,  dissolve  32  parts  of  potassium  carbonate  in  80  parts  of 
water,  add  16  parts  of  alcohol  of  95  per  cent,  and  32  parts  of  iodine; 
heat  gently  till  the  colour  of  the  iodine  has  disappeared,  when  iodoform 
will  be  deposited  on  cooling.  Much  of  the  iodine  has  been  converted  into 
KI ; to  recover  this,  the  filtrate  from  the  iodoform  is  mixed  with  20  parts 
of  HC1  and  2.5  parts  of  potassium  dichromate,  which  liberates  the  iodine. 
The  liquid  is  neutralised  with  potassium  carbonate,  and  32  parts  more 
of  that  salt  are  added,  together  with  6 parts  of  iodine  and  16  of  alcohol ; 
the  operations  of  heating  and  cooling  are  then  repeated. 
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Iodoform  is  deposited  in  yellow  shining  hexagonal  plates,  smelling  of 
saffron.  It  fuses  at  about  1150  0.,  and  may  be  sublimed  with  slight 
decomposition.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and 
ether.  When  boiled  with  potash,  it  is  partly  volatilised  with  the  steam, 
and  partly  decomposed,  yielding  potassium  iodide  and  formate.  The 
production  of  iodoform  is  a very  delicate  test  for  alcohol  (p.  489),  but 
many  other  substances  also  yield  it.  Iodoform  is  used  in  medicine  and 
surgery. 

Chloriodoform,  CHICl.,,  is  obtained  by  distilling  iodoform  with  HgCl, 
It  is  a yellow  liquid,  boiling  at  131°  0.  The  corresponding  bromine 
compound  has  been  prepared. 
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Acetin,  565 
Acetone,  543 

propione,  545 
Acetones,  544 
Aceto-nitrite,  587,  6x7 
Acetophenone,  546 
Acetyle,  512 

bromide,  556 
carbamides,  592 
chloride,  512 
creosol,  638 
dioxide,  513 
hydrate,  521 
hydride,  521 
iodide,  556 
urea,  592 
Acetylene,  92,  473 

detected  in  coal-gas,  112 
dichloride,  474 
formed  from  ethylene,  97 
prepared  from  ether,  93 
series,  475 
synthesis  of,  93 
tetrachloride,  474 
Acetylides,  474 
Acetyl-vanillic  acid,  638 
Achrodextrin,  652 


I Acid,  14 

defined,  29,  248 
of  sugar,  528 
radicals,  512 
Acids,  acetic  series,  506 
acrylic  series,  507 
aromatic  series,  521 
benzoic  series,  507 
dibasic,  87,  248 
lactic,  507 

monobasic,  139,  248 

diatomic,  524,  588 
organic,  506 
oxalic  series,  508 
polybasic,  117,  121,  248 
sorbic  series,  507 
succinic  series,  508 
volatile,  separation  of,  516 
Acidulous  waters,  53 
Aconine,  602 
Aconitic  acid,  538 
Aconitine,  602 
Acridine,  633 
Acrolein,  503 
Acrylic  acid,  517 

aldehyd,  503 
series  of  acids,  507 
Actinic  rays,  150 
Adapter,  93 

Addition-products  of  benzene,  476 
Adipic  acid,  527 
Adipoeere,  515 

Adjacent  substitution-products,  732 

JEsculetin,  663 

iEsculin,  663 

Aerated  bread,  707 

After-damp,  80 

Agate,  113 

Aich-metal,  378 

Air,  analysis  of,  by  eudiometer,  38 
nitric  oxide,  141 
phosphorus,  60 
atmospheric,  59 
burnt  in  coal-gas,  106 
effect  of  combustion  on,  79 
exact  analysis  of,  60 
tested  for  impurity,  79 
Alabaster,  281 

oriental,  50 

Albite,  303 
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Albocarbon  light,  108 
Albumen  of  blood,  681 
eggs.  679 
vegetables,  68  r 
Albuminoid  ammonia,  681 
Albuminoids,  679 
Albumino-sulphonic  acids,  681 
Alearsin,  569 
Alcohol,  486 

absolute,  488 
acids,  524,  588 
chemical  constitution  of,  490 
methylated,  490 
radicals,  490 
synthesis  of,  486 
tests  for,  488 
.A  Icoholates,  488 
Alcoholic  fermentation,  487 
Alcohols,  486 

boiling  points  of,  491 
dihydric,  494 
distinguished,  726 
iso,  724 

monohydric,  490 
normal,  724 
primary,  724 
secondary,  545,  725 
tertiary,  725 
trihydric,  496 
Aldehyd,  500 

-acid,  503 
-ammonia,  501 
chemical  constitution  of,  344 
resin,  30  x 
Aldehyds,  500 

aromatic,  504 
Ale,  composition  of,  705 
Algaroth,  powder  of,  357 
Alizarates,  641 
Alizarin,  641 

artificial,  641 
Alkali  defined,  14 

manufacture,  260 
metals,  group  of,  249 
works,  155 

Alkaline  cupric  solution,  535 
earth  metals,  284 
Alkaloids,  593 
Alkyl  cyanides,  618 
Allantoin,  544 
Allanturic  acid,  544 
Allophanamide,  591 
Allotropy,  191 
Alloxan,  543 
Alloxanic  acid,  542 
Alloxantin,  543 
Allylamine,  578 
Allyl-alcohol,  498 

bromide,  498,  554 
chloride,  554 
cyanamide,  623 
ether,  551 
iodide,  554 

isosulphocyanate,  623,  624 
pyridine,  594 
sulphocyanate,  624 
thio-urea,  623 
tribromide,  498 
trichloride,  554 
Allyle,  498 


Allylene,  475 
Almond  cake,  504,  663 
oil,  663,  696 
Almonds,  504 
..Aloes,  665 
Aloin,  665 
Aludels,  407 
Alum,  298 

basic,  300 
concentrated,  298 
shale,  299 
Alumina,  300 
Aluminium,  297 

acetate,  51 1 
bronze,  302,  378 
chloride,  301 
ethide,  573 
ethylate,  488 
extraction,  301 
fluoride,  301 
hydrate,  300 
methide,  573 
phosphates,  304 
properties,  302 
silicates,  302 
silieide,  118 
sulphates,  298 

Alums,  209 
Alunogen,  298 
Amalgam,  ammonium,  130 
electrical,  409 
sodium,  130 

Amalgamating  battery  plates,  409 
Amalgamation  of  gold-ores,  426 
silyer-ores,  400 

Amalgams,  409 
Amalie  acid,  600 
Amber,  484,  530 
Ambergris,  698 
Ambreine,  698 
Amethyst,  112 
Amides,  586 
Amido-acetic  acid,  541 

azobenzenes,  583 
azonaphthalene,  586 
barbituric  acid,  543 
benzene,  579 

sulphonic  acid,  583,  634 
caproic  acid,  676 
cymene,  586 
dinitrophenol,  634 
diphenyle,  633 
ethyl-sulphonic  acid,  672 
glyceric  acid,  679 
isocaproie  acid,  524 
malonyl  urea,  543 
naphthalenes,  586 
nitrophenols,  634 
phenols,  634 
phosphenylic  acid,  631 
succinamic  acid,  589 
succinic  acid,  590 
toluene,  584 
xylene,  585 
Amidogen,  624 
Amines,  574 

converted  into  guanidines,  622 
distinguished,  577 
mixed,  577 
separated,  574 
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Ammelide,  617 
Ammeline  hydrochloride,  617 
Ammonia,  123 

absorbed  by  charcoal,  68 
action  of  chlorine  on,  132 
iodine  on,  179 
albuminoid,  681 
alum,  299 
arsenite,  239 
bicarbonate,  270 
carbonate,  269 
decomposed  by  spark,  129 
derivatives,  573 
formed  from  nitric  acid,  137 
gas,  dried,  128 
hydrochlorate.  129,  270 
hydrosulphate,  271 
identified,  124 
liquefied,  127 
muriate,  270 
N essler’s  test  for,  414 
nitrification  of,  132 
oxalate,  529 
salts,  268 

sesquicarbonate,  269 
soda  process,  262 
solution,  126 
sources  of,  123 
sulphate,  269 
urate,  542 

. volcanic,  267 

Ammoniacal  liquor,  124,  688 
Ammoniacum,  636 
Ammonia-meter,  126 
Ammonias,  compound,  574 
Ammonide,  sulphuric,  268 
Ammonium,  268 

alum,  299 
amalgam,  130 
arsenite,  239 
bases,  574 
bromide,  272 
carbamate,  270,  592 
carbonates,  269 
chloride,  270 
cyanate,  620 
cyanide,  607 
disulphide,  272 
hydrate,  269 
iodide,  272 
isocyanate,  621 
molybdate,  349 
nitrate,  140,  269 
nitrite,  269 
oxalate,  529 
parabanate,  544 
purpurate,  543 
salts,  268 
sulphate,  269 
sulphides,  271 

yellow,  272 

sulphocarbamate,  592,  624 
sulphocyanide,  6x7 
theory,  130 
urate,  542 
Amorces,  227 
Amorphous,  65 

phosphorus,  224 
Amygdalic  acid,  664 
Amygdalin,  504,  663 


[ Amyl  acetate,  561 
alcohol,  492 

normal,  492 
caprate,  561 
carbinol,  492 
nitrite,  559 
toluene,  477 
valerate,  513,  561 
Amyle,  490 
1 Amylene,  473 

glycol,  496 

Amylethylic  ether,  548 
Amyloid,"  655,  685 
Amylose,  650 
Amy  loses,  643 

Analysis  of  gaseous  hydrocarbons,  no 
organic,  462 

calculation  of,  463 

l Ananas  oil,  561 
Anatase,  367 
Ancaster  stone , 439 
Anchoic  acid,  531 
Anethol,  506 
Angelic  acid,  517 
| Anglesite,  385 
Angostura  bark,  601 
Anhydride  defined,  27 
Anhydrides,  ethereal,  588 
Anhydrite,  282 
Anhydrous,  42 
Anilides,  592 
| Aniline,  579 

black,  583 
colours,  585,  691 
dyes,  584 
oil,  584 
pink,  583 
salts,  580 

sulphonic  acid,  583 
test  for,  580 
yellow,  583 
Animal  charcoal,  70 

chemistry,  709 

Animals  and  plants,  reciprocity  of,  718 
changes  in,  after  death,  721 
nutrition  of,  718 
Animi  resin,  484 
Aniseed,  essential  oil  of,  505 
Anisic  acid,  506 

alcohol,  506 
aldehyd,  505 
Anisol,  562,  630 
Anisyl  hydride,  505 
Annatto,  666 

Ansell’s  fire-damp  indicator,  98 
Anthracene,  479 

dichloride,  480 
disulphonie  acid,  480 
sulphonic  acid,  480 
Anthrachrysone,  643 
Anthracite,  73 
Anthranilie  acid,  669 
Anthrapurpurates,  642 
Anthrapurpurin,  642 
Antliraquinone,  480,  641 

disulphonie  acid,  64 

Anliarin,  665 
Antichlore,  200,  211 
Anti-corrosive  caps,  164 
Antimoniates,  355 


INDEX. 


750 

Antimonic  acid,  355 
oxide,  355 

Antimonietted  hydrogen,  356 
Antimonious  acid,  355 
Antimony,  352 

amorphous,  354 
ash,  355 
butter  of,  357 
chorosulphide,  357 
crocus  of,  353 
crude,  353 
detected,  356 
flowers  of,  354 
glass  of,  358 
grey  ore  ot;  357 
ores,  357 
oxides,  354 
oxychloride,  357 
oxysulphide,  358 
pentachloride,  357 
pentasulphide,  358 
phosphide,  358 
potassio-tartrate,  535 
regulus  of,  353 
sulphate,  358 
sulphides,  357 
tested  for  impurity,  358 
trichloride,  356 
triphenyle,  633 
uses  of,  353 
vermilion,  212,  358 
Antimonyle,  535 
Antipyrine,  635 
Antiseptics,  120,  199 
Anti-zymotics,  722 
Ants,  acid  of,  509 
oil  of,  506 
Apatite , 220,  228 
Apocrenic  acid,  718 
Apomorphine,  596 
Apple  oil,  561 

Aq.,  water  of  crystallisation,  44 
Aqua  fortis,  135 
regia,  170 
Aquate,  149 
Arabic  acid,  653 
Arabin,  649,  653 
Arabinose,  649,  653 
Arachidic  (butic)  acid,  516 
Arbor  Dianee,  4x0 
Arbutin,  663 
Archil,  638 
Argand  lamp,  106 
Argillaceous  iron  ores,  308 
Argol,  252 
Arqurodite,  306 
Aricine,  598 
Arnotto,  666 
Aromatic  acids,  521 

aldeliyds,  504 
hydrocarbons,  476 
nucleus,  731 
series,  476 
Arrack,  706 
Arragonite,  280 
Arrow-root,  651,  701 
Arsendimethyle,  569 
Arsenates,  241 
Arsenetted  hydrogen,  242 
Arsenic,  236 


Arsenic  acid,  241, 

detected,  240 
di-iodide,  244 
ethoxide,  570 

extracted  from  organic  matters, 

in  copper,  376 

native,  236 

oxides,  237 

pentasulphide,  245 

phosphide,  245 

subsulphide,  244 

sulphides,  244 

tribromide,  244 

chloride,  243 

fluoride,  244 

iodide,  244 

white,  238 

! Arsenical  nickel,  338 
! Arsenical  paper  hangings,  240 
soap,  240 
Arsenic  eating,  240 
■ Arsenides,  236 
Arsenio-diethyl,  571 

dimethyle,  569 
Arsenio  siderite,  241 
1 Arsenio  sulphides,  236 
triethyl,  570 
trimethyl,  569 
Arsenious  anhydride,  238 
oxide,  238 

crystalline,  239 
opaque,  238 
vitreous,  238 

Arsenites,  239 

Arseniuretted  hydrogen,  242 
Arsen-methyl  dichloride,  570 
oxide,  570 

phenyl  dichloride,  632 
Asbestos,  286 
Ashes  of  coal,  74 
Asparagine,  589 
Asparagus,  589 
Aspartic  acid,  590 
Assafoetida,  636 

Assay  of  gold  by  cupellation,  428 
Asymmetric  carbon  atoms,  727 

substitution-products,  732 
Atacamite,  383 
Atmolysis,  23 

Atmosphere,  composition  of,  59 
Atmospheric  air,  59 

germs,  63 
Atom  defined,  2 

-fixing  power,  494 
Atomic  heat,  285 

heats  of  compounds,  285 
Atomicities,  classification  by,  247 
Atomicity,  247 
Atomic  theory,  2 

volumes,  739 
weight,  3 

determined,  40,  432 
Atropic  acid,  521,  595 
Atropine,  521,  595 
Attar  of  roses,  472 
Attraction,  chemical,  defined,  6 
Augite,  303 
Aurantin,  580 
Auric  chloride,  430 
oxide,  43° 
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Auric  cyanide,  614 
Auricyanides,  614 
Aurous  chloride,  430 
cyanide,  614 
oxide,  430 
Australene,  481 
Autogenous  soldering,  203 
Avogadro’s  law,  2 
Azaleine,  585 
Azelaic  acid,  531 
Azobenzene,  581 
Azobenzide,  581 
Azoconydrine,  593 

Azodinaphthylainine  (Magdala),  586 

Azodiphenyl  blue,  583 

Azote,  123 

Azoxybenzene,  581 

Azulmamide,  605 

Azulmic  acid,  604 

Azurite,  382 

Baking  powdebs,  83 
Balenic  acid,  507,  516 
Balloons,  18 

made,  660 
Balsam  of  Peru,  483 
Tolu,  483 
Balsams,  483 
Banca  tin,  360 
Barbituric  acid,  543 
Barilla,  260 
Bar-iron,  best,  320 

crystalline,  323 
fibrous,  323 
manufacture,  317 
Barium,  276 

bromide,  278 
carbonate,  277 
chlorate,  278 
chloride,  277 
di-oxide,  277 
ethylate,  488 
hydrate,  277 
hypophosphite,  231 
nitrate,  278 
oleate,  518 
oxide,  277 
peroxide,  277 
sulphate,  278 
sulphide,  278 
sulpho-methylate,  556 
tannate,  526 
Barley  sugar,  644 
Baryta,  277 

carbonate,  277 
chlorate,  278 
hydrate,  277 
in  glass,  434 
sulphate,  276 
Baryto-calcite,  280 
Basalt,  303 
Base,  defined,  30 
Bases,  organic,  artificial,  670 
Basic  bricks,  322 

oxides,  30,  247 
process  (steel),  328 
Bassorin,  654 
Basylous  radicals,  248 
Bathgate  coal,  470 
Bath  stone,  438 


Battery,  galvanic,  10 
Baume’s  flux,  443 
Bauxite,  301 
Bay  salt,  259 
Beans,  inosite  in,  650 
Bear,  349 
Bebeerine,  602 
Beef-tea,  713 
Beehive  shelf,  13 
Beer,  composition,  705 
ropy,  500,  705 

spariding,  83 
Bees’  wax,  493,  698 
Behenic  acid,  316 
Behenolic  acid,  519 
Behenoxylic  acid,  519 
Belladonna,  595 
Bell-metal,  378 
Bengal  saltpetre,  439 
Benic  acid,  516 
Ben,  oil  of,  516 
Benylene,  473 
Benzamide,  541,  587 
Benzamido-acetic  acid,  341 
Benzene,  475 

chlorides,  476 
dichloride,  476 
disulphonic  acid,  476,  636 
chloride,  637 
hexachloride,  476 
hexahydride,  731 
ring,  731 
series,  476 
sulphonic  acid,  476 
tetrachloride,  476 
trisulphonic  acid,  638 
Benzhydrol,  633 
Benzidine,  581 
Benzoaeetic  anhydride,  521 
Benzoates,  520 
Benzoic  acid,  519 

alcohol,  498 
aldehyd,  504 
anhydride,  521 
chloride,  536 
ether,  561 
peroxide,  521 
series  of  acids,  507 
Benzoin  gum,  520 
Benzoine,  504 
Benzole,  475 
Benzoline,  470 
Benzomercuramide,  587 
Benzonitrile,  541,  619 
Benzophenone,  546 
Benzoquinone,  639 
Benzoyl,  521 

chloride,  520 
compounds,  321 
glycocine,  541 
hydrate,  321 
hydride,  504 
peroxide,  521 
salicin,  663 

Benzylamines,  579,  586,  619 
Benzyl-alcohol,  498 
benzene,  633 
benzoate,  561 
bromide,  555 
chloride,  555 
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Benzyl-cinnamate,  561 
cyanide,  619 
ether,  551 
hydrate,  521 
hydride,  521 
iodide,  555 
phenol,  633 
Benzyle,  521 

Benzylene  dichloride,  504 
Berberine,  602 

Bergamottc,  essential  oil  of,  482 
Beryl,  297 
Beryllium,  296 
Bessemer’s  process,  322 
Betaine,  574,  674 
Bezoars,  527 
Bibasic  acids,  248 
Biborate  of  soda,  266 
Bibrornosuccinic  acid,  536 
Bicarbonate  of  soda,  263 
Bicarbonates,  87 
Bile,  671,  719 

colouring  matters  of,  686 
Bilifuscin,  686 
Biliprasin,  686 
Bilirubin,  686 
Biliverdin,  686 
Binoxide  of  hydrogen,  55 
nitrogen,  140 
Birch,  essential  oil  of,  482 
Bisclwfite,  289 
Biscuit  porcelain,  436 
Bismuth,  350 
Bismuth  glance,  352 
Bismuth  iodide,  352 
nitrate,  352 
Bismuth  ochre,  351 
Bismuth  oxides,  351 

oxychloride,  352 
suiphide,  352 
telluride,  219 
trichloride,  352 
triethyle,  571 
trisnitrate,  352 
Bismuthic  acid,  351 
Bismuthite,  352 
Bisulphate  of  potash,  134 
Bisulphide  of  carbon,  213 
Bisulphites,  200 
Bisulphur et  of  carbon,  213 
Bitter  almond,  oil  504 
Bittern,  170,  259 
Bituminous  coal,  73 
Biuret,  591 
Bixin,  666 
Black  ash,  260 
Black  hand,  309 
Black  dyes,  583?  694- 
Blacking,  206 
Black  lead.  65 

crucibles,  66 
Black  vitriol,  382 
wash,  413 
Blast  furnace,  310 

chemical  changes  in,  311 
gases,  312 

Blasting-gelatine,  564 

with  gunpowder,  454 
Bleaching  by  chloride  of  lime,  161 
chlorine,  T53 


Bleaching  by  ozone,  57 

sulphurous  acid,  198 
powder,  160 
Bleach  killed,  200 
Blende,  290,  295 
Blistered  steel,  325 
Block  tin,  361 
Blood,  685,  712 

absorption  spectrum  of,  686 
action  of  oxygen  on,  685 
aeration  of,  720 
coagulation  of,  682 
crystals,  686 
defibrinated,  682 
formation  of,  720 
globules,  712 
venous  and  arterial,  685 
Bloom  (iron),  320 
Bloomery  forge,  330 
Blowers  in  coal  mines,  98 
Blowpipe,  cupellation  with,  392 
flame,  108 
hot  blast,  109 
oxyhydrogen,  41 
reduction  of  metals  by,  109 
table,  xi6 
Blue,  alkali,  585 
bricks,  437 
copperas,  381 
dyes,  694 

fire  composition,  165 
flowers,  666 
malachite,  370 
metal  (copper),  374 
Nicholson’s,  585 
opal,  585 

oxide  of  molybdenum,  349 
tungsten,  369 

pill,  408 
pots,  66 
Prussian,  609 
soluble,  585 
stone,  381 
TIDnard’s,  338 
Turnbull's,  61 1 
verditer,  380 
vitriol,  381 

water  of  copper-mines,  375 
writing  paper,  304 
Bog-butter,  470 
Boghead  cannel,  470 
Boiler  fluids,  49,  240 

incrustations,  48 
Boiling  meat,  713 

point  defined,  55 
points,  737 

of  alcohols,  491 
of  benzene  series,  476 
process  (iron),  321 
Bolivite,  352 
Bolsover  stone,  438 
Bone-ash,  221 

as  manure,  715 
black,  70 

earth  as  manure,  715 
Bones,  composition,  221 

destructive  distillation,  70,  575 
oil  bases  from,  575,  671 
Boracic  (boric)  acid,  118 

vitreous,  120 
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Boracic  (boric)  anhydride,  118 
ether,  559 
lagunes,  119 

Boracite,  288 
Borates,  120 
Borax,  119,  266 
lake,  1 19 
yitrefied,  267 
Boric  acid,  118 
ether,  559 
ethide,  568 
methide,  567 
Bomeene,  483 
Borneo  camphor,  483 

caoutchouc,  650 
Bornesite,  650 
Borofluoric  acid,  184 
Borofluorides,  184 
Boroglyceride,  564 
Boron,  121 

amorphous,  121 
chloride,  169 
crystallised,  121 
diamond,  121 
fluoride,  184 
graphitoid,  121 
nitride,  121 
sulphide,  217 
trichloride,  169 
triethide,  568 
trifluoride,  184 
trimethide,  567 
Borophenyl  dichloride,  632 
Borophenylous  acid,  632 
Botany  Bay  gum,  540 
Boucherie’s  process,  7x8 
Bouquet  of  wines,  706 
Boyle’s  fuming  liquor,  272 
Brain,  685 
Brandy,  706 
Brass,  378 

. guns,  362 
Brassic  acid,  518 
Brassy  lie  acid,  513 
Braunite,  340 
Brazil  wood,  636,  66 7 
Brazilin,  667 
Bread,  707 

aerated,  707 
new  and  stale,  708 
Brewing,  703 
Bricks,  437 

efflorescence  on,  265 
Bright-iron,  315 
Brimstone,  187 
Britannia  metal,  362 
British  brandy,  707 
gum,  652 

Brochantite,  382  , 

Brodie’s  graphite,  66 
Bromallyl  acetate,  498 
alcohol,  498 

Bromachlonaphtose,  479 
Bromacrylic  acid,  519 
Bromanil,  641 
Bromanilines,  581 
Bromargyrite,  405 
Bromates,  172 
Bromechlonaphtuse,  479 
Bromhydrins,  554 


Bromic  acid,  172 
Bromides  detected,  270 
Bromine,  170 

chloride  of,  173 
hydrate,  171 
Bromohenzene,  631 
Bromodiphenyle,  633 
Bromoform,  744 
Bromosuccinic  acid,  533 
Bronze,  363,  377 

annealing  of,  363 
coin,  363 
powder,  366 
Bronzing,  378 
BrooJcite,  367 
Brown  acid  (sulphuric),  205 
blaze,  296 
coal,  73 
dyes,  694 
hcematite,  3 
Brucine,  602 
Brucite,  287 
Brunolic  acid,  689 
Brunswick  green,  383 
Bubbles,  explosive,  36 
Buckskin,  696 
Bug-poison,  41 1 
Budding  materials,  437 
stones,  438 
Bullets,  rifle,  392 

shrapnel,  392 
Burner,  air-gas,  107 

Bunsen’s,  107 
gauze,  107 
ring,  54 
rosette,  53 
smokeless,  107 

Burnett’s  disinfecting  fluid,  295 
Butane,  469,  471 

normal,  724 
Butanes,  isomeric,  724 
Butene,  473 
Butenyl-glycerol,  498 
Butic  acid,  516,  697 
Butin,  697 
Butter,  565, 697 
-milk,  710 
preparation  of,  710 
Butyl-alcohols,  492, 725 
aldehyd,  502 
benzyl-aldehyd,  505 
carbinol,  492 
ether,  550 
ethyl  ether,  550 
isosulphocyanate,  624 
Butylactic  acid,  523 
Butyle,  490 
Butylene,  473 

-glycol,  496 
Butylic  alcohol,  492 

fermentation,  49 
normal,  492 
secondary,  725 
tertiary,  726 

Butyramide,  587 
Butyric  acid,  513 

aldehyd,  502 
ether,  561 
Butyrine,  565 
Butyrone,  546 

3 c 
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Cacao-buttek,  709 
Cadaveric  alkaloids,  677 
Cadaverine,  677 
Cadet’s  fuming  liquor,  569 
Cadmia,  296 
Cadmium,  296 
Caen-stone,  439 
Casrulignone,  633,  640 
Cassia,  275 

C cesium  carbonate,  275 

platinock'loride,  419 
Caffeic  acid,  527 
Caffeidine,  601 
Caffeine,  599 
Caffeol,  708 
Caffeo-tannic  acid,  526 
Cairngorm-stones , 1x2 
Caking-coal,  74 
Calamine,  290 

electric,  290 
Calamus,  oil  of,  482 
Calcareous  waters,  49 
Calcium,  279 

acetate,  512 
action  on  water,  13 
arsenates,  241,  284 
carbonate,  280 
chloride,  282 
citrate,  537 
dioxide,  281 
disulphide,  19 
fluoride,  179,  283 
hydrate,  281 
hydrosulphides,  283 
hypochlorite,  160 
hyposulphite,  21 1 
iodate,  173 
lactate,  513 
malate,  533 
meconate,  538 
nitrate,  281 
oxalate,  529 
oxychloride,  160,  283 
pentasulphide,  196 
phosphates,  283 
phosphide,  234 
pyrophosphate,  284 
racemate,  536 
saecharate,  527 
silicates,  284 
succinate,  530 
sulphate,  281 
sulphide,  283 
superphosphate,  283 
tartrate,  535 
Calc-spar,  280 
Calculation  of  formulae,  464 
Calico-printing,  694 
Calomel,  413 
Calorific  intensity,  457 
value,  457 
Calumba  root,  602 
Calumbin,  665 
Calx  chlorati),  160 
Cameos,  113 
Camphenes,  481 
Camphilene,  481 
Campholic  acid,  517 
Camphor,  483 

artificial,  481 


Camphor,  oil  of,  483 
Camphoric  acid,  481 

peroxide,  481 
Camphors,  482 
Oanarin,  617 
Candle,  chemistry  of,  103 
Candles,  700 
Cane-sugar,  643 
Cannel,  74 
Cannel-gas,  xxi 
Canton’s  phosphorus,  283 
Caoutchene,  485 
Caoutchouc,  484 

artificial,  697 
solvents  for,  485 
vulcanised,  485 
Cap  composition,  626 
Capric  acid,  514 
ether,  561 
Caprine,  565 
Caproic  acid,  514 

alcohol,  492 
aldehyd,  503 
Caproin,  710 
Caprone,  546 
Caproyle,  490 

Caproylene,  or  hexoylene,  473 
Caprylene  glycol,  496 
Caprylic  acid,  514 

alcohol,  492 
aldehyd,  502 
Caprilidene,  475 
Caramel,  644 
Caramelan,  644 
Caraway,  essential  oil  of,  482 
Carbamates,  270 
Carbamie  acid,  270,  592 
Carbamide,  590 
Carbamides,  592 
Carbamines,  619 
Carbanilide,  593 
Carbazol,  633 
Carbazotic  acid,  540 
Carbimide,  624 
Carbimides,  624 
Carbinol,  491 
Carbodiamine,  590 
Carbohydrates,  643 
Carbolic  acid,  628 
Carbon,  63 

atomicity,  246,  466 
atomic  weight,  92 
bichloride,  167 
bisulphide,  2x3 
calorific  intensity,  458 
value,  456 
chains,  731 
chlorides,  167 
determination  of,  462 
diamido-imide,  621 
disulphide,  213 
iodide,  178 
oxides,  74 
oxychloride,  168 
oxysulphide,  216 
prepared,  72 
sesquichlonde,  167 
tetrabromide,  173 
tetrachloride,  167 
triamine,  621 
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Carbon  trichloride,  168 
Carbonate  of  lime  in  waters,  48 
Carbonates,  87 

alkaline,  276 
Carbonic  acid  gas,  74 

absorption  by  water,  83 
decomposed  by  carbon,  88 
by  potassium,  87 
determined,  86 
evolved  by  plants,  74 
experiments  with,  77 
in  breathed  air,  79 
injurious  effects  of,  79 
liquefaction,  83 
sources,  75 
synthesis  of,  63 
anhydride,  74 
ether,  559 
oxide,  88 

absorbed,  383 
calorific  value,  460 
formed  in  fires,  88 
metallurgio  uses,  88 
poisonous  properties,  89 
preparation,  90 
reduction  by,  91 
Carbonisation,  63 
Carbonising  fermentation,  72 
Carbonyle,  467 
Carbotriamine,  621 
Carbovinate  of  potash,  559 
Carboxyl  diamine,  590 
Carboxyle,  467,  506 
Carburetted  hydrogen,  97 
Carbyl  sulphate,  472 
Carmine,  670 

lake,  670 
red,  670 
Carminic  acid,  670 
Carnallite,  256 
Camelian,  112 
Carnine,  677 
Carotin,  667 

Carre’s  freezing  apparatus,  126 
Carthamin,  667 
Cartilage,  678 
Casearilla,  oil  of,  482 
Case-hardening,  327 
Casein,  683 

vegetable,  683 
Cassel  green,  342 
Cassia,  essential  oil  of,  499,  505 
Cassilerite,  364 
Cassonic  acid,  648 
Cast-iron,  314 

fusing-point  of,  317 
grey,  315 
malleable,  327 
mottled,  315 
varieties  of,  315 
white,  315 
Castor-oil,  697 
Cast  steel,  326 
Catalan  process,  329 
Catalysis,  55 
Catechu,  525,  635 
Cat’s  eye,  113 
Caustic  alkali,  14 
lunar,  403 
potash,  253 


Caustic  soda,  263 
Cavendish  eudiometer,  36 
Cedar-wood,  essential  oil  of,  482 
Cedrene,  482 
Cedriret,  633 
Celestine,  278 
Celluloid,  661 
Cellulo-nitrins,  656 
Cellulose,  654 

animal,  662 

converted  into  sugar,  653 
solvent  for,  380 
Cellulo-trinitrin,  656 
Cement  for  earthenware,  683 

Keene’s  and  Keating’s,  282 
Portland,  439 
Koman,  439 
rust-joint,  191 
Scott’s,  439 

Cementation  process,  324 
Cerasin,  654 
Oerebric  acid,  685 
Cerebrin,  685 
Cerite,  306 
Cerium,  306 
Cerolein,  561 
Cerotene,  473 
Cerotic  acid,  516 
Cerotin,  493 
Ceruse,  395 
Cerussite,  385,  395 
Ceryl  cerotate,  493,  561 
Cerylic  alcohol,  493 
Cetenylene,  475 
Cetin,  493 
Cetyl  cerotate,  561 

palmitate,  493,  561 
Cetyle,  493 
Cetylene,  473 
Cetylic  alcohol,  498 

ether,  550,  551 
Cevadilla  seeds,  602 
Cevadine,  602 
Ceylon  moss,  654 
Chalcedony,  112 
Chalk,  280 

in  waters,  48 
Chalkstones,  542 
Chalybeate  waters,  52,  333 
Chameleon,  mineral,  342 
Chamomile,  essential  oil  of,  482 
Champagne,  706 
Charbon  roux,  444 
Charcoal,  66 

absorption  of  gases  by,  68 
action  of  steam  on,  89 
animal,  70 
as  fuel,  71 
ash,  445  _ 

burning,  67 
decolorising  by,  69 
deodorising  by,  69 
for  gunpowder,  443 
oxidised  by  nitric  acid,  136 
prepared  at  different  tempera- 
tures, 443 

prepared  in  the  laboratory,  428 
retort , 67 
suffocation,  89 
wood-,  66 
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Charring  by  steam,  444 
Cheese,  711 
Chelidonie  acid,  538 
Chelidonine,  603 
Cheltenham  water,  53 
Chemical  equivalent  defined,  14 
properties  defined,  8 
Chemistry  defined,  x,  7 
Chessylite,  382 

Chevreul’s  investigations,  698 
Chili  saltpetre,  440 
Chill-casting,  3x7 
Chimney,  hot  air,  for  lamps,  107 
ventilation  by,  81 
China  moss,  654 
Chinese  wax,  493,  561,  565 
white,  294 
Chinoline,  599,  670 
Chitin,  662 
Chlonaphthalise,  168 
Chloracetamides,  587 
Ctdoracetic  acid,  512 
Chloral,  743 
Chloralum,  301 
Chloranil,  640 
Chloranilic  acid,  641 
Chloranilines,  581 
Chloranthracenes,  480 
Chlorate  of  potash,  162 
Chlorates,  163 
Chlorebronaphtise,  479 
Chlorebronaphtose,  479 
Chlorethyl-sulphonic  acid,  672 
Chlorhydrins,  554 

of  glycol,  496 
Chloric  acid,  162 

peroxide,  166 

Chloride  of  calcium  tube,  462 
lime,  160 
nitrogen,  169 
nitrosyle,  170 
soda,  162 
sulphuryle,  200 
tliionyle,  200 
Chlorine,  147 

disinfecting  by,  154 
experiments  with,  145 
group  of  elements,  184 
hydrate  or  aquate,  149 
oxides,  159 
water,  149 
Chlorisatins,  669 
Chlorite,  303 
Chlorites,  167 
Chlorobenzenes,  476,  581 
benzoic  acid,  1556 
carbonic  acid,  168 
chromic  acid,  348 
-codide,  597 
-diplienyle,  633 
maloeie  acid,  556 

chloride,  556 
naphthalenes,  478 
phenol,  634 

sulphonic  acid,  637 
phosphamide,  235 
picrin,  540 
sulphuric  acid,  200 
Chloroofrm,  744 
Chloromuconic  acid,  532 


INDEX. 

Chloromuconic  dichloride,  532 
Chloronicotinic  acid,  594 
Chloronitrobenzene,  581 
Chlorophyll,  666 
Chloropicrin,  540 
Chlorosulphuric  acid,  200 
Chlorous  radicals,  248 
Chloroxalethyline,  589 
Chocolate,  709 
Choke-damp,  80 
Cholesteramine,  673 
Cholesterin,  499,  673 
Cholesteryl  alcohol,  499 
chloride,  555 
Cholestrophane,  544,  601 
Cholic  acid,  672 
Choline,  673 
Chologlycolic  acid,  672 
Chondrin,  678 
Chromates,  345 
Chromates  of  lead,  346 

potash,  345 
Chrome-alum,  346 

iron  ore,  344 
yellow,  346 
Chromic  acid,  345 
oxide,  346 
Chromium,  344 

chlorides,  347 
hydrate,  347 
nitride,  348 
oxides,  345 
oxychloride,  348 
sulphate,  346 
sulphide,  348 
Chromyle  chloride,  348 
fluoride,  348 
Chrysaniline,  585,  691 
Chryseau,  625 
Chrysene,  480 
Chrysoberyl,  297 
Chrysocolla,  382 
Chrysoidin,  583 
Churning,  710 
Chyle,  720 
Chyme,  719 
Cigars,  594 
Cimicic  acid,  517 
Cinchona  bark,  598 
Cinchonicine,  599 
Cinchonidine,  599 
Cinchonine,  599 
Cinder,  73 
Cinder-iron,  313 
Cinnabar,  414 
Cinnameine,  483 
Cinnamene,  4,7,  521 
series,  478 
Cinnamic  acid,  521 

aldehyd,  505 

Cinnamon,  essential  oil  of,  505 
Cinnamvl  alcohol,  499 
aldehyd,  505 
chloride,  555 
cinnamate,  499,  562 
hydride,  505 
Cinnamyle,  499 
Cinnhydramide,  505 
Circulation  of  blood,  720 
Cisterns,  incrustations  in,  49 
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Citraconie  acid,  532,  337 
Citrates,  537 
Citrenes,  482 
Citric  acid,  537 
ether,  562 
Cl  nr  it  e,  245 
Clark’s  process,  51 
Classes  of  organic  compounds,  467 
Clay,  298 

ironstones,  308 
Clinker,  74 
Clot  of  blood,  682 
Cloves,  essential  oil  of,  482 
Coal,  72 

asb  of,  74 
bituminous,  74 
brasses,  74 
combustion  of,  73 
composition  of,  74 
distillation  of,  112 
formation  of,  72 
mines,  firedamp  of,  98 
Welsh,  74 
Coal-gas,  hi 

manufacture,  687 
purification,  216 
-naphtha,  475,  690 
-tar,  475 

bases,  689 
distillation  of,  475 
dyes,  691 
Coarse  copper,  375 

-metal  (copper),  372 
Cobalt,  336 

amine  compounds,  338 
arsenides,  337 
arsenate,  236 
bloom,  236 
chloride,  337 
cyanide,  608 
glance,  336 
hydrates,  336,  337 
nitrates,  337 
nitrite,  337 
oxides,  336 
phosphate,  338 
pyrites,  337 

separated  from  nickel,  336,  337 
sulphides,  337 
ultramarine,  338 
vitriol,  337 
yellow,  337 
Cobalticyanides,  608 
Cocaine,  603 
Cocculus  Indicus,  665 
Cochineal,  670 
Cochlearia,  oil  of,  624 
Coeinic  acid,  507 
Cocoa,  709 

Cocoa-nut  oil,  565,  696 
Cocoa  (gun)  powder,  447 
Codamine,  595 
Codeine,  595,  596 
Cod-liver  oil,  565,  697 
Co-efficient  of  solubility,  46 
Coffee,  composition,  708 
roasting,  708 
Coil,  induction,  12 
Coin-bronze,  363 
Coke,  73 


Coke,  action  of  steam  on,  89 
composition,  460 
Colchicine,  603 
Colcothar,  201,  332 
Cold- shortness,  323 
Collidine,  671 
Collodion  balloons,  660 
cotton,  660 
Colophene,  481 
Colophony,  483 
Coloured  fires,  164 
Colouring-matters,  animal,  685 

vegetable,  665 

Columbite , 369 
Columbium,  369 
Colza  oil,  696 
Combination,  chemical,  6 
Combined  carbon  in  iron,  315,  317 
Combining  proportions,  3 
Combustion  defined,  26 
furnace,  462 
in  oxygen,  27 
reciprocal,  40 
temperature  of,  458 
tube,  462 
Comenic  acid,  538 
Common  salt,  258 
Composition  tube,  392 
Compound  and  mixture,  62 
defined,  3 

Compressed  gas,  40 
Concrete,  439 

Condensation  products  of  acetone, 

546 

Condenser,  Liebig’s,  54 
Condurrite,  236 
Condy’s  disinfecting  fluid,  343 
Conhydrine,  594 
Coniferin,  506,  664 
Coniferyl  alcohol,  664 
Coniine,  593 

-methylium  hydroxide,  594 
Conquinine,  598 
Constitution  of  salts,  248 
Converting  furnace,  324 

vessel,  Bessemer’s,  322 
Convolvulin,  664 
Convolvulinol,  664 
Conylene,  593 
Conyrine,  594 
Cooking,  713 
Copal,  484 
Copper,  370 

acetate,  511 
aceto-arsenite,  240 
acetylide,  93 

action  of  ammonia  and  air  on 
380 

nitric  acid  on,  136 
alloys  of,  377 
amalgam,  409 
ammonio-sulphate,  382 
Anglesea,  375 
arsenite,  240 
best  selected,  373 
blister,  373 
carbonates,  370,  382 
chlorides,  382 
cleaned,  379 
dry,  373 
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Copper,  effect  of  sea- water  on,  377 
electric  conductivity  of,  376 
electrotype.  376 
emerald,  382 

extracted  in  laboratory,  375 

fusing-point,  376 

glance , 370 

hydrate,  380 

hydride,  232 

impurities  in,  375 

lake  Superior,  370 

lead  in,  374 

metallurgy  of,  370 

moss,  373 

native,  370 

nitride,  381 

ores,  370 

roasting,  371 

treatment  of,  for  silver,  400 
overpoled,  374 
oxides,  379 

, oxychloride,  377,  382 
peacock,  370 
phosphates,  382 
phosphide,  233 
poling,  374 
precipitated,  94 
properties  of,  376 
■pyrites,  370 

reduced  by  hydrogen,  40 
refining,  373 
rose,  375 
sand,  370 
silicates,  382 
smelting,  374 
smoke,  371 
Spanish,  376 
subchloride,  383 
suboxide,  379 
sulphate,  381 

in  bread,  708 
sulphides,  383 
tinned,  362,  377 
tough-cake,  374 
underpoled,  374 
verdigris,  377 
vessels  for  cooking,  377 
Coppcr-zine  couple,  16 
Copperas,  333 

blue,  381 
white,  295 
Coprolite,  220,  228 
Coquimbite,  334  . 

Coral,  280 
Coridine,  671 
Cork,  662 
Corn-flour,  702 
Cornut’s  formula,  461 
Corrosive  sublimate,  41 1 
Corundum,  300 
Cotarnine,  597 
Cotton,  654 

separated  from  wool,  655 
solvent  for,  380 
Coumalinic  acid,  594 
Uoumarin,  665 
Crackers,  detonating,  627 
Orampton’s  furnace,  323 
Cream,  710 

of  tartar,  252,  534 
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Crcasotc,  638 
Creatine,  674 
Creatinine,  675 
Crenic  acid,  718 
Creosol,  638 
Cresol,  638 

Cresylic  acid  (cresol),  638 
Critical  point,  83 
Orocin,  666 

Crocus  of  antimony,  353 
Crookes’  discovery  of  thallium,  398 
Croton-chloral,  744 
Crotonic  acid,  517 

aldehyd,  474,  503 
Crotononitrile,  623 
Crotonylene,  475 
Crow-fig,  601 
Crucibles,  437 

black  lead,  66 
Cryohydrates,  45 
Cryolite,  265 
Cryptidine,  599,  670 
Cryptolite,  306 
Cryptopine,  595 
Crystalline  lens,  681 
Crystallisation,  42 
Crystals  from  vitriol  chambers,  202 
Cubebs,  essential  oil  of,  482 
Cudbear,  638 
Cumenyl- acrylic  acid,  507 
angelic  acid,  507 
crotonic  acid,  507 
Cumic  aldehyd,  505 
Cumidic  acid,  537 
Cuminic  acid,  521 

alcohol,  521 
aldehyd,  505 
Cuminol,  505 

Cummin,  essential  oil  of,  505 
Cumylic  acid,  537 
Cupel-furnace,  392 
Cupellation  on  the  large  scale,  390 
small  scale,  39  t 

Cupric  acetate,  511 

aceto-arsenite,  51 1 
acid,  381 
arsenite,  382 
carbonates,  382 
chloride,  382 
hydrate,  380 
nitrate,  381 
nitride,  381 
oxide,  379 
phosphates,  382 
phosphide,  382,  384 
sulphate,  381 
sulphide,  384 
tartrate,  535 
Cuprocyanides,  612 
Cuprous  acetylide,  93,  474 
chloride,  94,  383 
hydrate,  380 
hydride,  232,  380 
iodide,  383 
oxide,  379 
sulphide,  383 
[ Curcumin,  666 
Curd  of  milk,  683 
| Curing  fish  and  meat,  722 
j Current,  electric,  10 
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Cutch,  525 
Gutose,  662 
Oyamelide,  6x6 
Cyanacetate  of  potassium,  530 
Cyanamide,  621 
Oyanethine,  618 
Oyanetholin,  622 
Cyanates,  620 
Cyanic  acid,  616 
Cyanides,  606 

of  alcohol  radicals,  6x7 
Cyanin,  666 
Cyanines,  670 
Cyanite,  303 
Cyan-methene,  618 
Cyano -benzene,  619 
coniine,  6x8 
diphenyle,  633 
Cyanogen,  603 

bromide,  615 
chloride,  615 
compounds,  603 
iodide,  615 
sulphide,  617 
Cyanuramide,  621 
Cyanurates,  615 
Cyanurie  acid,  615 

chloride,  613 

Cylinder-charcoal,  67,  444 
Oymene,  481,  483 
Cymidine,  586 
Cymogene,  469 
Cystine,  679 
Cytisine,  603 
Cytoblast,  684 


Dadyl,  481 

hydrochloride,  481 
Damaluric  acid,  517 
Dambose,  650 
Dambosite,  650 
Dankes’  furnace,  323 
Daphnetin,  664 
Daphnin,  664 
Daturine,  595 
Davy  lamp,  100 
Davyum,  424 

Deacon’s  chlorine  process,  148 
Dead  head,  363 

oil  of  coal-tar,  478,  690 
Decane,  472 
Decatoic  acid,  514 
Decatylic  alcohol,  493 
Decay,  75 
Decenylene,  475 
Decipium,  305 
Decolorising  by  charcoal,  69 
Decomposition  defined,  6 
Deiiagrating  spoon,  28 
Deflagration,  442 
Dehydracetic  acid,  561 
Dehydration,  44 
Deliquescence,  45 
Delphinine,  603 
Density,  absolute,  448 
apparent,  448 
Deodorising  by  charcoal,  68 
chlorine,  154 
Dephlogisticated  muriatic  acid,  154 


Derbyshire  spar,  179 
Desilverisrog  lead,  388 
Destructive  distillation  defined,  67 
Detonating  tubes,  164,  564,  659 
Devitrification,  434 
Dextrin,  652 
Dextro-rotatory,  481 
Dextrose,  647 
Dextrotartarie  acid,  536 
Dhil  mastic,  394 
Diacetyl  oxide,  513 
Diad  elements,  7 
Diallyle  sulphide,  624 
Dialuramicle,  543 
Dialuric  acid,  542 
Dialysis,  114 

Diamido-azobenzene,  583 
Diamidobenzene,  580 

diphenylamme,  583 
diphenyle,  581 

Diamines,  574 
Diamond,  63 
Diamylene,  473 
Diaspore,  300 
Diastase,  647,  702 
Diathermanous,  214 
Diatomic  elements,  7 
Diazo-amidobenzene,  583 

amidonaphthalene,  58 

benzene  582 

chloride,  583 
hydroxide,  583 
nitrate,  582 
sulphonic  acid,  583 
naphthalene  nitrate,  586 
phosphenylic  acid  nitrate,  631 
reaction,  582 
Dibenzoyl  oxide,  521 
Dibromanthracene  tetrabromide,  480 
Dibromoglycid,  498 

Dibromo-nitro-phenyl-propiome  acid,  669 
Dibromopropyhc  acid,  519 
Dibromostearic  acid,  519 
Dibutyle,  517 
Dibutyraldine,  594 

Dicarboxyl-diamid-imide,  591 

Dichloracetone,  538 

cyanhydrate,  538 
Dichloracetonie  acid,  538 
Dichloraniline,  581 
Dichloranthracene,  480 

disulphonic  acio,  642 

Dichlorethene,  553 
Dxchlorether,  550 
Dichlorethylamine,  576 
Dichlorhydrin,  554 
Dichlorobenzene,  476 
Dichloromethane,  469 
Dicinnamene,  478 
Dicyanimide,  622 
Dicyanacetonic  acid,  538 
Didymium,  305 
Diethacetic  ether,  560 
Diethene  dioxide,  550 

trialcohol,  496 
Diethylamine,  576 

-carbinol,  492 
-diethylene  diamine,  577 
Diethyle,  567 
Diet’nylene-diainine,  577 
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Diethylene-diethyl  triamine,  577 
trialcokol,  496 
triamine,  577 
Dietkylnitrosamine,  576 
Diethyloxamide,  589 
Diffusibility  of  gases,  20 

law  of,  20 
measurement  of,  21 

Diffusion  tube,  21 
Diformin,  564 
Digallic  acid,  527 
Digestion,  719 
Digitalin,  664 
Diglucose,  648 
Dihydric  alcohols,  494 
Dikydro-antkracene,  480 
Dihydroxybenzoic  acid,  525 

proprionic  acid,  498 
succinic  acid,  533 
toluene,  638 

Dimethyl  alloxantin,  601 

amido-azobenzene,  583 
amine,  576 
-arsinic  acid,  570 
benzene,  733 
carbinol,  492 
Dimethyle,  471,  517 

-ketone,  545 

Dimetkylo-metkyl-metliyle,  735 
Dimethyloxamide,  589 
oxide,  550 
oxyquimzine,  635 
parabanic  acid,  544 
Dimorphous,  65 
Dinaphthyle,  479 
Dinas  fire  bricks,  437 
Dinitraniline,  581 
Dinitro-anthracene,  480 
benzene,  138 
-dipkenylamine,  580 
naphthalene,  479 
phenol,  634 
Dioptase,  382 
Dioxindol,  670 
Diphenic  acid,  633 
Diphenol,  633 
Diphenols,  635 
Diphenyl,  633 
Diaphenylamine,  580 
Diphenylguanidine,  622 
hydrazine,  635 
ketone,  633 
methane,  633 
oxide,  629 
phosphine,  631 
phosphorous  chloride,  630 
rosaniline,  585 
sulphides,  630 
-sulphurea,  593 
urea,  593 
Diphenyle,  633 
Diphenylene  carbinol,  633 
ketone,  633 
methane,  633 
oxide,  633 
Diphosphenyle,  632 
Diplatinamine,  420 
Diplatosamine,  420 
Dippel’s  oil,  671,  678 
Dipropyl  oxide,  550 


Dipyridine,  671 
Dipyrotetracetone,  534 
Disacryl,  503 

Discharge  in  calico  printing,  161 
Disinfectant,  Calvert’s,  629 

MacDougall’s,  629 
Disinfecting  by  chloride  of  lime,  161 
chlorine,  154 
ferric  chloride,  334 
manganates,  343 
fluid,  Burnett’s,  295 
Condy’s,  343 

Disintegration  of  rocks,  83 
Displacement,  collection  of  gas  by,  23 
Dispoline,  670 

Dissociation  of  sal-ammoniac,  271 
steam,  41 

vermilion  vapour,  415 

Disthene , 303 
Distillation,  53 

destructive  or  dry,  67 
fractional,  470 
Distilled  sulphur,  187 
water,  53 
Diterebene,  481 
Diterpene,  482 
Dithionic  acid,  212 
Dithionous  acid,  212 
Divalent  elements,  7 
Divi-divi,  527 
Dodecane,  469 
Dodecatoic  acid,  514 
Doeglic  acid,  518 
Doegling  train  oil,  518 
Dolomite,  287 
Dough,  707 
Downcast  shaft,  81 
Dragon’s  blood,  637 
Dryers,  697 
Drying  gases,  40 

in  vacuo,  207 
-oils,  697 

over  oil  of  vitriol,  207 
Dry  rot,  653 
Dualin,  564 

Ductility  of  copper,  376 
Dulcite,  500,  649 
Dung  as  manure,  715 
-substitute,  241 
Durene,  477 
Durylic  acid,  521 
Dust,  63 

Dutch  liquid,  96,  553 
metal,  150 
Dyeing,  693 
Dynamite,  564 
Dyslysin,  672 

Earthenware,  437 
Earths,  alkaline,  284 
proper,  297 
Ebonite,  485 

Economico-furnace  (lead),  387 
Effervesencc,  82 
Efflorescence,  44 
Egg-shells,  76 
Ekabor,  305 
Elaidic  acid  518,  700 
Elaldehyd,  501 
Elaterin,  665 
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Elaterium,  665 
Elba  iron  ore,  309 
Elecampane,  652 
Electrical  amalgam,  409 
Electro-gilding,  429 
Electrolysis  defined,  11 

of  fatty  acids,  517 
of  hydrochloric  acid,  158 
of  sulphuric  acid,  11 
of  water,  9 

Electro-negative  elements,  n 
-plating,  401 
-positive  elements,  ix 
Element  defined,  3 

Elements,  non-metallic,  review  of,  245 

Elemi  resin,  484 

Ellagicacid,  527 

Embolite,  405 

Emerald  green,  240,  511 

Emery,  300 

Emetics,  535 

Emetine,  601 

Empirical  and  rational  formulae,  464,  466 

Einpyreumatic,  482 

Emulsin,  504 

Enamel  glass,  435 

Endosmose,  712 

Endothermic,  140 

Epichlorhydrin,  554 

Epsom  salts,  288 

Equivalent  defined,  14 

Erbium,  304 

Ergot  of  rye,  646 

Erucic  acid,  518 

Erythric  acicl,  639 

Erythrite,  499 

dichlor hydrin,  555 
tetrachlorhydrin,  555 
Erythro-dextrin,  652 
-glycol,  499 
-mannite,  499 
Esculetin,  663 
Esculin,  663 
Eserine,  603 
Essence  of  almonds,  504 
turpentine,  480 
Essential  oils,  482 

extraction  of,  482 

Esters,  556 
Ethal,  493,  561 
Ethalic  (palmitic)  acid,  698 
Ethane,  471 

constitution  of,  723 
Ethene,  472 

-acetobutyrate,  563 
-alcohol,  494 
-alcohols,  496 
-anilines,  580 
-diacetate,  563 
-diamines,  577 
-dibromide,  96,  495,  554 
-dichloride,  554 
-di-iodide,  554 
-dioxide,  550 

' -di-phenyl-diamines,  580 
-hydroyxsulphuric  acid,  562 
-monacetate,  563 
-naphthalene,  479 
-nitrate,  562 
-nitrite,  563 


Ethene-sulphuric  acid,  562 
-triamines,  577 
Ether,  546 

chemical  constitution,  546 
decomposition  by  heat,  94 
reactions  yielding,  549 
Ethereal  anhydrides,  588 
salts,  556 

Etherification,  continuous,  547 
theory  of,  548 

Ethers,  derivation  from  alcohols,  546 
double,  548 
mixed,  550 

perfuming  and  flavouring,  560,  561 
table  of,  551 
Ethine,  473 

-naphthalene,  479 
Ethionie  acid,  472 

anhydride,  472 
Ethoxyl,  568 
Ethyl-acetamide,  587 

acet-acetatic  ether,  560 
aceto-acetate,  560 
-alcohol,  486 
aldehyd,  500 
allophanate,  592 
allylamines,  579 
allyl  ether,  551 
amine,  576 

hydrochloride,  576 
ammonia  or  ethylia,  576 
ammonium  chloride,  576 

ethyl  sulphocarbonate,  624 
arsenite,  559 
arsines,  570 
benzoate,  561 
benzyl  ether,  ssi 
borate,  559 
boric  acid,  568 
bromide,  553 
butyl  ether,  530 
butyrate,  561 
caprate,  561 
carbamate,  592 
carbamine,  619 
carbimide,  623 
carbinol,  492 
carbonate,  559 
chloride,  552 
citrate,  562 
cyanate,  622 

cyanethonium  hydroxide,  618 

cyanide,  618 

ether,  547 

formate,  560 

hydrate,  486 

hydride,  471 

iodide,  553 

isocyanate,  623 

isocyanide,  619 

isosulphocyanate,  624 

kakodyle,  571 

malate,  562 

malonate,  562 

methyl  phenylamine,  580 

mustard  oil,  624 

naphthalene,  479 

nicotyl  ammonium  hydroxide,  594 

nitrate,  557 

nitrite,  558 
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Ethyl  orthocarbonate,  559 
oxalacetate,  562 
oxalate,  562 
oxamate,  589 
oxamide,  589 
Oxysulphide,  493 
pelargonate,  561 
perchlorate,  559 
phosphates,  559 
phosphines,  569 
phosphinic  acids,  569 
picrate,  562 
propargyl  ether,  551 
propyl  ether,  550 
quinol  dicarboxylate,  640 
salicylate,  562 
silicates,  559 
succinyl  succinate,  640 
sulphates,  557 
sulphides,  493 
sulphinic  acid,  494 
sulphone,  494 
sulphonic  acid,  494 
chloride,  494 
tartrate,  562 
thiocarbimide,  624 
ureas,  623 

Ethylate  of  aluminium,  488 
barium,  488 
sodium,  488 
thallium,  488 
zinc,  567 
Ethylates,  488 
Ethyle,  467,  312 
Ethylene,  95 

-diamine,  577 
dibromide,  495 
diformamide,  587 
glycol,  494 
hydrate  chloride,  553 
lactic  acid,  523 
oxide,  550 

Ethylidene  dichloride,  729 
hy  dr  amine,  730 
Ethylo-methyl  methyle,  735 
Ethylsulphuric  acid,  557 
Eucalin,  646 
Eucalyptus,  482 
Eucldorine,  167 

-water,  597 

Eudiometer,  Cavendish,  36 
siphon,  38 
tire's,  38 

Eudiometric  analysis  of  air,  38 

marsh-gas,  no 

Euodic  acid,  514 

aldehyd,  502 
Eupyrion  matches,  166 
Euxanthic  acid,  667 
Euxanthine,  637,  667 
Euxanthone,  667 
Fuxenite,  370 
Even  numbers,  law  of,  466 
Evemic  acid,  639 
Everninic  acid,  639 
Excretions,  720 
Explosions,  35 

sympathetic,  659 
Explosions  in  coal-mines,  98 


Fagoting,  320 
Fallowing,  716 
Farinose,  651 
Fast  colours,  693 
Fats,  565 

fusing-points  of,  696,  698 
Fatty  acid  series,  515 
Fehling’s  test,  535 
Felspar,  297,  302 
Fennel,  essential  oil  of,  506 
Fergusonite,  370 
Fermentation,  75,  487 

acetous,  510 
alcoholic,  486,  704 
arrested,  199,  487 
viscous,  500 

Ferrates,  333 
Ferric  acetate,  511 
acid,  332 

ammonio-citrate,  538 
benzoate,  520 
carbonate,  333 
chloride,  334 
citrate,  537 
cyanide,  610 
ferrocyanide,  609 
oxalate,  529 
oxide,  332 
oxychloride,  335 
phosphate,  334 
succinate,  530 
sulphate,  334 
Ferricum,  336 
i Ferricyanides,  610 
Ferricyanogen,  610 
Ferrocyanates,  608 
Ferrocyanic  acid,  608 
Ferrocyanide  of  potassium,  606 
Ferrocyanides,  538,  608 
Ferrocyanogen,  608 
Ferromanganese,  328 
Ferrosoferric  oxide,  332 
Ferrosum,  336 
Ferrous  arsenate,  334 
chloride,  334 
carbonate,  333 
cyanides,  608 
ferricyanide,  61 1 
ferrocyanide,  609 
hydrate,  331 
iodide,  334 
oxalate,  529 
oxide,  331 
phosphate,  334 
silicate,  334 
silicide,  335 
sulphate,  333 
sulphide,  335 
Ferrum  redact um,  331 
Fibrin,  blood,  682 
muscle,  682 
vegetable,  684 
Fibrinogen,  682 
Fibrinoplasmiu,  682 
Fibroin,  684 
Filtration,  69 
Finery  cinder,  318 
| Fire-bricks,  437 
-clay,  298 
-damp,  98 
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Fire-damp  indicator,  98,  102 
Fires,  blue  flame  in,  88 
coloured,  164 
Fish  oils,  697 
shells,  76 

Fixing  photographic  prints,  211 
Flags,  Yorkshire,  438 
Flake-white,  352 
Flame,  analysis  of,  by  siphon,  105 
blowpipe,  108 

cause  of  luminosity  in,  103 
effect  of  pressure  on,  107 

wire  gauze  on,  100 
experiments  on,  104 
extinction  by  gases,  78 
oxidising  and  reducing,  109 
structure  of,  102 

Flames,  simple  and  compound,  102 
smoky,  107 

Flashing-point  of  oils,  470 
Flask,  three-necked,  106 
Flavin,  664 
Flavopurpurin,  643 
Flesh,  713 

juice  of,  674 
sugar  of,  649 
Flint,  113 

and  steel,  113 
Flints  dissolved,  268 
Florence  flask,  35 
Floss-hole,  319 
Flowers  bleached,  199 
Fluoborie  acid,  184 
■ Fluocerine,  307 
Fluocerite,  307 
Fluorene,  633 

alcohol,  633 
Fluorescein,  636 
Fluorescence,  598 
Fluoric  acid,  179 
Fluoride  of  calcium,  179 
silicon,  182 
Fluorides,  182 
Fluorine,  179 

isolated,  181 
Fluorobenzene,  631 
Fluor  spar,  179 
Flux,  311,  313 

Baumfi’s,  443 

Food,  plastic  constituents  of,  721 
preservation  of,  722 
respiratory  constituents  of,  721 
Forge-iron,  316 
Formamides,  587 
Formanilide,  592 
Formates,  509 
Formic  acid,  509 

aldeliyd,  502 
ether,  560 
thio-aldehyd,  623 
Formins,  564 
Formonitrile,  618 
Formula),  calculation  of,  40,  464 
empirical,  464 
molecular,  464 
rational,  466 
structural,  466 
Fouling  of  guns,  454 
Foundry  iron,  316 
Fousel  oil,  492,  707 


Fowler’s  solution,  241 
Fractional  distillation,  470 
precipitation,  516 
Franklinite,  332 
Fraxin,  663 
Free-stone,  438 
Freezing  apparatus,  127 

in  red-hot  crucibles,  198 
mixtures,  128,  140,  271 
of  water,  54 
French  chalk,  286 
Friction-tubes,  164 
Fructose,  648 
j Fruit  essences,  560,  561 
\ Fruit  sugar,  648 
j Fruits,  ripening  of,  717 
Fuchsine,  385 
Fucusol,  506 

Fuel,  calorific  intensity  calculated,  458 
value  calculated,  456 
chemistry  of,  456 
Fuels,  composition  of,  460 
illuminating,  108 
Fuller’s  earth,  298 
Fulminic  acid,  626 
Fulminate  of  mercury,  625 
silver,  627 
• Fulminates,  625 
Fulminating  gold,  431 

platinum,  419 
silver,  403 
Fulminurates,  628 
Fulminuric  acid,  628 
Fumaric  acid,  532 
Fumaryl  dichloride,  556 
Fumigation  with  sulphurous  acid,  199 
Fuming  sulphuric  acid,  200 
Fumitory,  532 
Funnel  tube,  17 
F ur  in  kettles,  48 
Furfural,  506 
Furfuramide,  506 
Furfurol,  506 
F urfuryl  alcohol,  506 
Furnace,  charcoal,  116 

regenerative,  461 
reverberatory,  88 
Sefstrom’s,  330 
Furnaces,  theory  of,  460 

waste  of  heat  in,  460 
Fusible  alloy,  351 
Fusing- points,  736 

of  fats,  698 

Fusion,  1 13 
Fustic,  638,  667 
Fuze,  electric,  384 

percussion,  227 


GaDININE,  677 
Gadolinite,  304 
Gseidic  acid,  518 
Gahnite,  332 
Galactose,  649 
Galena,  385 
Gallic  acid,  526 

anhydride,  527 
Gallium,  305 
Gall-nuts,  525 
Gallotannic  acid,  526 
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Gallstones,  673 
Galvanic  battery,  9 
Galvanised  iron,  290 
Gambodic  acid,  66 7 
Hamboge,  677,  667 
Gangue,  313 
Ganister,  322 
Garlic,  essential  oil  of,  624 
Garnet,  303 
Gas-burners,  53 
carbon,  689 
composition  of,  in 
cylinder,  23 
holder,  91 
-jar,  28 

manufacture,  687 
valuation  of,  96 
Gases,  analysis  of,  38,  no 
constitution  of,  20 
diffusion  of,  20 
expansion  by  heat,  452 
in  waters,  46 
Gastric  juice,  719 
Gaulthena,  oil  of,  561 
Gauze  burner,  107 
Gaylussite,  280 
Gedge’s  metal,  378 
Geic  acid,  718 
Gelatin,  677 
Gelatinoids,  677 
Gelose,  654 
Gentianin,  665 
Germanium,  306 
German  silver,  378 
Germination,  702 
Germs  of  disease,  63 
Geysers,  113 
G-ibbsite,  300 
Gilding,  429 

porcelain,  437 

GiD,  706 
Glass,  433 

etched,  181 
-gall,  434 
of  antimony,  358 
plate  perforated,  202 
silvered,  402 
toughened,  434 
Glauberite,  265 
Glauber’s  salt,  209 
Glaze  for  earthenware,  437 
Glazier’s  diamond,  65 
Gliadin,  684 
Globulin,  681 

Glonoin  (nitroglycerin),  563 
Glucina,  297 
Gluconic  acid,  648 
Glucinum,  296 
Glucosan,  648 
Glucose,  647 

artificial,  647 
Glucoses,  643 
Glucosides,  662 
Glue,  678 

liquid,  678 
Glutamic  acid,  684 
Gluten,  684,  707 

casein,  684 
varieties  of,  708 
Glutin,  684 


Glyceric  acid,  498 

alcohol,  496 
aldehyd,  497 
ether,  551 
Glycerides,  496,  563 
Glycerin,  496 

ethers,  551 
soap,  699 
Glycerins,  496 
Glycerol,  496 

ethereal  salts  of,  563 
Glyceryl  or  propenyl,  496 
arsenite,  564 
borate,  564 
mononitrate,  564 
phosphate,  564 
tribromide,  554 
trichloride,  554 
tricyanide,  537 
trinitrate,  563 
Glycocholic  acid,  671 
Glycocine  (glycocoll),  541,  673 
synthesis  of,  674 
Glycogen,  653 
Glycol,  494 

acetobutyrate,  563 
aldehyd,  496 
amide,  588 
chlor hydrin,  496,  553 
diacetate,  563 
disodium,  495 
ethereal  salts  of,  562 
ethers,  550 
monacetate,  563 
monosodium,  495 
Glycolic  acid,  496 
Glycolide,  532 
Glycols,  secondary,  730 
tertiary,  730 
Glycolyl  urea,  675 
Glycosine,  503 
Glycyphyllin,  663 
Glycyrretin,  665 
Glycyrrhizin,  664 
Glyoxal,  496,  503 
Glyoxalic  acid,  503 
Glyoxylic  acid,  503 
Glyoxyl  urea,  544 
Gneiss,  303 
Gold,  425 

arsenide,  431 

assay  by  cupeilation,  428 

bronze,  369 

chloride,  430 

com,  427 

crucible,  430 

cyanides,  613 

dissolved,  170 

extracted  from  silver,  426 

extraction,  425 

fulminating,  431 

identified,  136 

treatment  of,  428 

leaf,  428 

oxides,  430 

physical  properties  of,  428 
refining,  427 

removal  of  mercury  from,  409 
ruby,  226,  429 

separated  from  silver  and  copper,  207 
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Gold,  sodium-hypos ulpbite,  431 
standard,  427 
sulphides,  431 
testing,  428 
thread,  429 
Gongs,  363 
Goose-fat,  565 
Goulard’s  extract,  51 1 
Grains,  brewers’,  703 
Granite,  297 

disintegration  of,  297 
Granitic  rocks,  252,  297 
Granulated  zinc,  17 
Granulose,  651 
Grape-sugar,  647 
Grapes,  colouring  matter  of,  666 
Graphite,  65 

in  cast-iron,  65,  315 
Graphitic  acid,  66 
Grease  removed,  472 
Green,  aldehyd,  585 
arsenical,  240 
borate  of  chromium,  347 
Brunswick,  383 
chrome,  346 
colour  of  plants,  666 
fire,  165 

flame  of  barium,  278 

boracic  acid,  120 
copper,  382 
thallium,  39 
hydro  quinone,  640 
iodine,  585 
malachite , 370 
mineral,  382 
Binmann’s,  338 
salt  of  Magnus,  420 
vitriol,  333 
Grey  copper  ore,  370 
iron,  315 
nickel  ore,  338 
powder,  408 
Grinder’s  waste,  325 
Gristle,  678 
Grotto  del  Cane,  77 
Grough  saltpetre,  440 
Grove’s  battery,  10 
Guaiacol,  635 
Guaiacum  resin,  484 
Guanidine,  621 

Guanidines  derived  from  amines,  622 
Guanine,  622,  677 
Guano,  541 
Guignet’s  green,  347 
Gum  Arabic,  653 
Bassora,  654 
British,  652 
Senegal,  654 
tragacantli,  691 
Gums,  653 
Gum-sugar,  653 
Gun-cotton,  656 

Abel’s,  657 

compared  with  gunpowder,  659 
composition,  656 
explosion,  658 
manufacture,  657 
preparation,  65 7 
properties,  659 
pulp,  657 


Gun-cotton,  reconversion  of,  656 
-metal,  362 
-paper,  659 
Gunpowder,  439 

brown,  447 

calculation  of  energy  of,  451 
composition,  446 
equation  of  explosion,  451 
explosion  under  pressure,  455 
examination  of,  448 
heat  of  combustion,  432 
influence  of  size  of  grain,  447 
manufacture,  446 
preparation  in  the  laboratory, 
455 

products  of  explosion,  449 
properties  of,  448 
temperature  of  combustion, 

, 452 

volume  of  gas  from,  451 
white,  165 
Gutta  percha,  485 
Gypsum,  281 


II-EHAXEIjr,  667 
Haamatin,  686 
Haematite,  309 
Hmmatoxylin,  667 
Haemin,  636 
Haemoglobin,  685 
Hair-dye,  212,  394,  404 
Halogen  defined,  184 
Halogens,  review  of,  184 
Haloid  salts,  184,  247 

substitution-derivatives.  cc; 

Tr  1 * t 

Hammer-slag,  320 
Hard  metal,  362 
Hardness,  degrees  of,  go 

permanent  and  temporary,  50 
Hard  water,  47 
Hargreave’s  soda  process,  261 
Hartshorn,  spirit  of,  126 
Hatchettolite,  370 
Hatchett’s  brown,  610 
Hauerite,  344 
Hausmannite,  341 
Hay,  smell  of,  505 
Heat  and  temperature,  457 
atomic.  285 
of  combustion,  456 
relation  to  chemical  attraction,  32 
specific,  452 
units,  26 

Heath’s  patent  (steel),  326 
Heating  of  hay-ricks,  72 
Heavy  lead  ore,  394 
spar,  278 
Helicin,  662 
Hellebore,  664 
Helleborein,  664 
Hemihedral  crystals,  536 
Hemipinic  acid,  597 
Hemlock,  593 
Hemming’ s jet,  100 
Henbane,  595 
Hendeeatoic  acid,  514 
Hepatic  waters,  53 
Heptane,  472 
Heptoic  acid,  514 


766 


INDEX. 


Heptyl  carbinol,  492 
Heptylene,  473 
Herapafcbite,  599 
Hesperidin,  663 
Hesperitin,  663 
Hexane,  472 
Hexa-chlorobenzene,  476 
decane,  470 
hydric  alcohol,  499 
hydro-anthracene,  480 
hydroxyanthraquinone,  527 
hydroxybenzene,  638 
xnetlxylbenzene,  477 
Hexenyl-glycerol,  498 
Hexoic  acid,  5x4 
Hexoxyanthraquinone,  643 
Hexoylene,  475 
Hexyl  alcohol,  492 

fermentation,  492 
butyrate,  492 
carbinol,  492 
Hexylene-glycol,  496 
Hippurates,  541 
Hippuric  acid,  541 
Hollway’s  process,  375 
Holmia,  305 
Homocuminic  acid,  521 
Homologous  series,  475 
Honey,  644 
Jlopeite,  296 
Hop  substitute,  540,  665 
Hops,  703 

essential  oil  of,  482 
Hornblende,  303 
Horn-lead,  397 

quicksilver,  413 
silver,  404 

Horse-chestnut  bark,  663 
Hot-blast,  theory  of,  313 
iron,  313 
Humic  acid,  718 
Humus,  718 
Hyacinth,  305 
Hydantoin,  675 
Hy genic  acid,  516 
Hydra ryy llite,  300 
Hydrargyrum  cum  creta,  408 
Hydrates,  45,  247 
Hydraulic  cements,  439 
main,  688 
Hydrazine,  635 
Hydrazines  identified,  635 
Hydrazobenzene,  581 
Hydrazulmin,  605 
Hydric  phosphides,  232 
sulphides,  192 

Hydrides  of  alcohol  radicals,  469 
Hydrindigotin,  668 
Hydriodic  acid,  177 

ether,  553 

Hyclrobenzamide,  504 
Hydroboracite,  288 
Hydrobromic  acid,  172 
ether,  553 

Hydrocarbons,  92,  468 
Hydrocellulose,  655 
Hydrochloric  acid,  154  _ . 

analysis  of,  158 
from  alkali  works,  156 
synthesis  of,  150 


Hydrochloric  acid,  yellow,  156 
. ether,  552 

Hydrocobalticyanic  acid,  608 
Hydroeserulignone,  633,  640 
Hydrocotarnine,  595 
Hydrocyanic  acid,  538 

synthesis  of,  539 
tests  for,  539 
ether,  618 

Hydrocyan-rosaniline,  693 
Hydroferricyanic  acid,  610 
Hydroferrocvanic  acid,  608 
Hydrofluoboric  acid,  184 
Hydrofluoric  acid,  180 
Hydrofluosilicic  acid,  183 
Hydrogen,  16 

binoxide,  55 

calorific  intensity  calculated,  459 
value,  456 

experiments  with,  18 
identified,  xx 
molecule,  weight  of,  19 
peroxide,  55 
persulphide,  196 
phosphides,  232 
preparation,  16 
purification,  40 
selenietted,  219 
sulphuretted,  192 
Hydro-isatin,  669 
Hydro-kinone,  640 
Hydrolysis,  499,  662 
Hydromellonic  acid,  617 
Hydromuconic  acid,  532 
Hvdronicotinic  acid,  594 
Hydronitroprussic  acid,  612 
Hydroplatinocyanic  acid,  614 
Hydro-potassium  tartrate,  534 
Hydroquinone,  640 
Hydrosalicylamide,  505 
Hyaroselenic  acid,  219 
Hydrosulphocarbonic  acid,  216 
Hydrosulphocyanic  acid,  616 
Hydrosulphuric  acid,  192 

test  for,  X95 
use  in  analysis,  195 
Hydrosulphurous  acid,  212 
Hydrotelluric  acid,  220 
Hydroxides,  45 
Hydroxy-acetic  acid,  522 
acid,  730 

benzaldehyds,  505 
benzenes,  476,  628 
benzoic  acid,  524 
benzyl  alcohol,  499 
butyric  acid,  523 
caproic  acid,  524,  676 
chelidonic  acid,  538 
formic  acid,  509 
malonic  acid,  582 
nicotinic  acid,  594 
propylie  acid,  522 
quinoline,  671 
succinic  acid,  533 
tartronic  acid,  533 
toluenes,  638,  734 
tricarballylic  acid,  537 
valeric  acid,  524 
Hydroxy]  amine,  144,  626 
Hydroxyle,  247,  467 
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Hyoscyamine,  595 
Hypobromous  acid,  172 
Hypochlorites,  160 
Hypochlorous  acid,  159 
Hypogseic  acid,  517 
Hyponitrites,  144 
Hypophosphites,  231 
Hypophosphorous  acid,  231 
Hyposulphates,  213 
Hyposulphite  of  soda,  210 
Hyposulphites,  210 
Hyposulphurie  (dithionic)  acid,  2x2 
Hyposulphurous  acid,  210 
Hypoxanthine,  677 


Ice,  54 

Iceland  spar,  280 
Idrialene,  480 
Idrialite,  480 
Idriquinone,  643 
Imides,  589 
Imido-diphenyle,  633 
Imidogen,  589 
Incorporating  mill,  446 
Incrustation  on  charcoal,  109 
Incrustations  in  boilers,  48 
Indian  fire,  244 
ink,  670 
yellow,  637 
Indican,  668 
Indifferent  oxides,  31 
Indigo,  667 

artificial,  669 
blue,  667 
brown,  668 
copper,  384 
gluten,  668 
red,  668 
reduced,  668 
vat,  preparation,  668 
white,  668 
Indiglucin,  668 
Indigotin,  667 

sulphonic  acids,  668 
Indium,  306 
Indol,  669 
Indophenin,  476 
Induction-coil,  12 

tube,  Siemens’,  57 
Induline,  583 
Ink,  326 

blue,  609 

stains  removed,  159 
Inorganic  substances,  7 
Inosite,  649 

Instantaneous  light,  418 
Introduction,  1 
Intumescence,  267 
Inulin,  652 
Invert  sugar,  643,  649 
Iodammonium  iodide,  179 
Iodanilines,  581 
Iodates,  177 
Iodic  acid,  176 
oxide,  176 

Iodide  of  nitrogen,  178 
Iodides,  176 
Iodine,  173 

bromides,  179 


Iodine  chloride,  179 
green,  585 
oxides,  176 
test  for,  175 
tincture  of,  175 
trichloride,  179 
Iodised  starch-paper,  57 
Iodobenzene,  631 
Iodoform,  489 
Iodous  oxide,  176 
Ipecacuanha,  601 
Iridium,  423 
Iridoline,  670 
Iron,  307 

acetate,  51 1 

action  of  acids  on,  141,  157,  331 
air  on,  290 
on  water,  16 
amalgam,  409 
and  carbon,  315 
and  oxygen,  30 
bar,  320 
carbonate,  309 
cast,  314 

chemical  properties  of,  331 
chlorides,  334 
cold  short,  323 

extraction  in  the  laboratory,  330 

ferricyanide,  6ri 

ferroeyanide,  609 

fibre  in,  323 

galvanised,  290 

glance,  309 

grey,  315 

group  of  metals  reviewed,  348 
iodide,  334 
magnetic  oxide,  332 
metallurgy  of,  310 
mottled,  315 
mould,  331 
nitride,  335 
ores,  308 

calcining  or  roasting,  310 
oxides,  331 
passive  state  of,  331 
phosphates,  334 
phosphorus  in,  323 
plates  cleansed,  361 
potassium- ferroeyanide,  609 
puddled,  317 
pure,  preparation  of,  330 
pyrites,  309,  335 
pyrophoric,  92 
red-short,  323 
refining,  317 
rusting,  331 
sand,  309 
scales,  320 
scurf,  437 
smelting,  310 
specular,  309 
steely,  324 
sulphates,  333 
sulphides,  335 
sulphuret,  193 
sulphur  in,  323 
tincture  of,  334 
tinned,  361 
white,  315 
wire,  321 
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Iron,  wrought, 

direct  extraction,  329 
manufacture,  317 

Isatic  acid,  669 
Isatin,  669 
Isatropic  acid,  595 
Isatyde,  669 
Iserine,  367 
Isethionic  acid,  472 

chloride,  672 
Isinglass,  678 
Iso-alcohols,  724 
amylene,  729 
amylic  iodide,  724 
anthracene,  480 
butane,  724 
butylene,  729 
glycol,  730 
butylic  alcohol,  723 
butyric  acid,  728,  735 
aldehyd,  728 
caproic  acid,  735 
cholesterin,  673 
cumene,  688 
cyanides,  6io 
cyanuric  acid,  628 
di-morphism,  246 
dulcite,  663 
Isologous  series,  475 
Isomeric,  477 

alcohols,  724 
Isomerides,  477 
Isomerism,  477 

explanation  of,  723. 
Isomorphism,  382 
Isoparaffins,  724 
pentane,  724 
pentoic  acid,  513 
phthalic  acid,  733 
Isoprene,  485 
Isopropyle,  726 

carhinol,  726 
chloride,  727 
Iso-propylic  acid,  726 

alcohol,  545,  725 
succinic  acid,  531 
terebenthene,  481 
uric  acid,  544 
uvitie,  537 
valeric  acid,  726 

aldehyd,  513 
Itaconic  acid,  532,  537 
Ivory,  artificial,  661 
black,  70 

Jaboeandine, 603 
Jalapin,  664 
Jalap  inol,  664 
Jasper,  113 
Jatrophine,  702 
Jellies,  fruit,  717 
Jelly,  678 
Jervine,  602 
Jet,  74 

Jet  for  burning  gases,  24 
Jewellers’  rouge,  332 
Juniper,  essential  oil  of,  482 


Kairin,  671 
Kakodyle,  569 

chloride,  569 
cyanide,  56 
oxide,  569 
sulphide,  570 
trichloride,  569 
Kakodylic  acid,  569 
Kaolin,  298 
Katchung  oil,  516 
Kekule’s  chain,  731 
Kelp,  173 
Kentledge,  313 
Keratin,  684 
Kermes  mineral,  358 
Kernel  roasting,  384 
Kerosene,  470 

shale,  470 
Ketones,  544 

double,  545 
table  of,  546 

Kid,  695 
Kieselguhr,  564 
Kieserite,  288 
Kinetic  theory  of  gases,  20 
King’s  yellow,  244 
Kinic  acid,  527 
Kino,  525,  635 
Kinone,  527 
Kirschwasser,  706 
Kish,  65 
Klumene,  92 
Kola  nut,  600 
Kosine,  665 
Koumiss,  646,  710 
Kousso,  665 
Kreasote,  638 
Kreatine,  674 
Kreatinine,  675 
Kresol,  638 
Kresylic  acid,  638 
Krupp’s  steel,  329 
Kryolite,  265 
Kupfer nickel,  338 
Kyanising  wood,  718 
Kyanite,  303 

Lac,  670 
Lacquer,  670 
Lacquering,  378 
Lactamide,  588 
Lactarine,  683 
Lactates,  523 
Lactic  acid,  522 

anhydride,  523 
fermentation,  523 
series  of  acids,  507 
Lactide,  523,  588 
Laetine  (lactose),  646 
Lactometer,  711 
Lactonic  acid,  649 
Lactose,  646 
Lactvl  chloride,  556 
Lsevorotatory,  481 
Lflcvotartaric  acid,  536 
Lawulosan,  644,  649 
Lsevulose,  648 
Lakes,  alumina,  693 
Lamp-black,  66 

without  flame  417 


Kainite,  257,  288 
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LanarJcite,  397 
Lanthanium,  305 
Lanthopine,  595 
Lapis  lazuli , 303 
Lard,  565 
Laudanine,  595 
Laudanosine,  595 
Laughing  gas,  139 
Laurel  water,  539 
Laurie  acid,  514 

aldehyd,  503 
Laurite,  423 
Lauth’s  violet,  584 
Lava,  303 

Law  of  even  numbers,  466 
maximum  work,  56 
multiple  proportions,  146 
Dead,  385 

acetate,  51  r 
action  of  acids  on,  392 
on  water,  52 
amalgam,  409 
argentiferous,  388 
calcining,  387 
carbonates,  395 
chlorides,  397 
chlorobromide,  397 
chlorosulphide,  398 
chromates,  346 
dioxide,  394 

extraction  in  laboratory,  391 
-glazed  earthenware,  394,  437 
hard,  388 
hydrate,  395 
hyposulphite,  212 
improving  process,  388 
in  cider,  &c.,  393 
water,  52 
iodide,  176,  397 
malate,  533 
metallurgy  of,  386 
molybdate,  349 
nitrate,  395 
oleate,  497 
ores,  385 

oxide  in  glass,  434 
oxides,  '393 
oxychlorides,  397 
phosphate,  397 
plaster,  497 
propylate,  513 
pyrophorus,  393 
selenide,  398 
smelting,  386 
Spanish,  388 
sugar  of,  51 1 
sulphate,  396 
sulphides,  397 
tartrate,  393 
test  for,  52 
tetramethyle,  572 
tetrethyle,  572 
tribasic  acetate,  511 
triethyle,  572 
uses,  385 
vanadiate,  349 
Lead,  vitriol,  396 
Leaden  cistern,  52 
coffins,  392 
Leadhillite,  397 


I Leather,  695 
I Leaven,  708 
| Lecanoric  acid,  639 
Lecithin,  564,  685 
Legumin,  683 
! Lemery’s  volcano,  191 
! Lemons,  essential  oil  of,  482 
Lepargylic  acid,  531 
Lepidine,  599,  670 
Lepidolite,  272 
Leucaniline,  585,  692 

triphenylie,  692 
| Leucic  acid,  524,  676 
Leucine,  524,  676 
Leucoline,  670 
1 Leucone,  118, 169 
Libethenite,  382 

Lichens,  colouring  matters  from,  638 
Liebig’s  condenser,  54 

extract,  674,  713 

Light,  action  on  silver  chloride,  211 
Light  carburetted  hydrogen,  97 

oil  of  coal-tar,  475,  477,  690 
Lign  aloes,  essence  of,  483 
Lignin,  654 
| Lignite,  73 
Lignoeerie  acid,  516 
Lime,  280 

action  on  soils,  716 
-burning,  280 
carbonate,  280 

in  waters,  48 
chloride  of,  160 
hydrate,  281 
-kilns,  280 
-light,  41 
oxalate,  ^29 
phosphates,  283 
-purifier,  689 
-stone,  280 
sulphate,  281 
superphosphate,  221,  283 
water,  281 
Linen,  654 
Linoleic  acid,  697 
Linseed,  654 

oil,  696 

Lipic  (pyrotartaric)  acid,  531 
Liquation,  400 
Liquor  ammonise,  123 
chlori,  149 
iodi,  175 
sanguinis,  713 
Liquorice  root,  664 
sugar,  664 
Litharge,  393 
Lithia,  272 
Lithia-mica,  272 
Lithic  acid,  541 
Lithium,  272 

blowpipe  test  for,  273 
urate,  542 
Lithofracteur,  564 
Litmus,  638 
Loadstone,  309 
Loam,  298 
Logwood,  66 7 

Looking-glasses  silvered,  409 
Lucifer  matches,  164,  226 
Lugol’s  solution,  175 

3 D 
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Luminosity  of  llames,  103 
Lunar  caustic,  403 
Lupulin,  703 
Luteolin,  667 
Lutidine,  671 
Luting  for  crucibles,  291 
iron  joints,  191 
Lycopodium,  102 


Macltjeix,  667 
Madder,  641 

-lakes,  642 
Magdala  red,  586 
Magenta,  585,  691 
Magic  lantern,  oil  for,  483 
Magnesia,  287 

calcined,  287 
citrate,  537 
hydrate,  287 
silicates,  286 
sulphate,  287 

Magnesium  limestone,  287 

for  building,  438 

Magnesite,  287 
Magnesium,  286 

action  on  water,  15 
ammonio-chloride,  289 

phosphate,  288 
ammonium  arsenate,  288 
arsenite,  239 
borate,  288 
carbonate,  287 
chloride,  289 
citrate,  537 
lluoride,  182 
hydrate,  287 
hydrosulphide,  194 
methide,  573 
nitride,  287 
phosphates,  288 
silicates,  286 
sulphate,  287 

Magnet-fuze  composition,  384 
Magnetic  iron  ore,  332 
Magnetite,  332 
Magnetic  rotatory  power,  741 
Magnus’  green  salt,  420 
Malachite,  370 

green,  585 
Malteic  acid,  532 
Malamide,  590 
Malic  acid,  533 
ether,  562 

Malleability  of  copper,  376 
Malleable  cast-iron,  327 
MaloDic  acid,  530 
ether,  562 
Malonyl  urea,  543 
Malt,  702 

-dust,  703 
high-dried,  705 
Malting,  702 
Maltose,  647 
Mandelic  acid,  664 
Manganates,  342 
Manganese,  340 

binoxide,  340 
Manganese  black,  340 
blende,  344 


Manganese  bronze,  363 

carbonate,  340 
chlorides,  343 
dioxide,  340 
oxides,  340 
peroxide,  340 

recovered  from  chlorine  resi- 
dues, 343 

separated  from  iron,  343 
spar,  340 
sulphate,  343 
sulphide,  344 
Manganic  acid,  342 
Manganite,  341 
Manna,  499 

Australian.  646 
trichala,  646 
Mannitane,  500 
Mannite,  499 

dicklorhydrin,  539 
glycerides,  500 
Mannitic  acid,  500 
Mannitose,  499 
Manny  1 hexanitrate,  500 
Mantle  of  llame,  105 
Manures,  715 
| Manuring,  715 
! Maraschino,  664,  706 
\ Marble,  280 

I Marcasite  (iron  pyrites),  335 
| Margaric  acid,  515,  696 
Margarine,  515,  696 
Marine  glue,  485 
Marking-ink,  403 
Marl,  298 

! Marsh-gas,  97,  468 

series,  469 

1 Marsh’s  test  for  arsenic,  242 
Mascagnine,  269 
| Mashing,  703 
Massicot,  393 
Matches,  164 

safety,  227 

without  phosphorus,  227 
i MatlocTcite,  397 
Matt,  373 
[ Matter  defined,  1 
! Mauve  dye,  584 
Mauveiue,  584,  691 
Meadow-sweet,  od  of,  499 
Meal-powder,  447 
Meconates,  538 
j Meconic  acid,  538 
Meconidine,  595 
Meconin,  597 
Medullic  acid,  316 
Meerschaum,  286 
Melam,  617 
Melamine,  6x7,  621 
Melampyrite,  500 
Melaniline,  622 
Melezitose,  646 
Melissene,  473 
Melissic  acid,  516 

alcohol,  493 
Melissine,  493 
Melissyl  melissate,  561 

palmitate,  493,  561 
Mclitose,  646 
Mellone,  6x7 
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Mellonides,  617 
Menaccanite,  367 
MendelejefFs  law,  251 
Mendipite,  397 
Mentliene,  482 
Menthole,  482 
Mercaptan,  493 
Mercaptides,  493 
Merchant  bar  iron,  320 
Mercuramine,  412 
Mercuric  chloride,  41 1 
cyanide,  613 
ethide,  572 
fulminate,  625 
iodide,  414 
methide,  572 
nitrate,  410 
oxycyanide,  613 
sulphate,  411 
sulphide,  414 
Mercurous  acetate,  51 1 
chloride,  413 
cobalticyanide,  608 
iodide,  414 
nitrate,  410 
sulphate,  4x1 
sulphide,  414 
Mercury,  407 

allyl  hydroxide,  554 
iodide,  554 
amido-chloride,  412 
ammoniated  oxide,  410 
bichloi-ide  or  perclxloride,  41 1 
chlorides,  41 1 
chlorosulphide,  415 
cyanide,  613 
diphenyle,  631 
ethyl  chloride,  572 
hydroxide,  572 
frozen,  198 
fulminate,  625 
iodides,  4x4 
metallurgy  of,  407 
methyl  chloride,  572 
nitrates,  410 
nitric  oxide  of,  4x0 
nitride,  410 
oxides,  410 
phenyl  chloride,  631 

hydroxide,  631 
protonitrate,  410 
stains  removed  from  gold,  409 
sulphates,  41 1 
sulphides,  414 
uses  of,  409 
volatility  of,  409 
yellow  oxide,  410 
Mesaconic  acid,  532 
Mesitylene,  546 
Mesitylenic  acid,  521 
Mesityl  oxide,  546 
Mesotartaric  acid,  536 
Mesoxalic  acid,  533 
Mesoxalyl  urea,  544 
Metaboric  acid,  120 
Metacellulose,  661 
Metacetone,  546,  644 
Metacetonic  (propylic)  acid,  513 
Metacinnamene,  477 


Metaeresol,  638 
Metacrolein,  503 
Metadibromobenzene,  732 
Metadihydroxybcnzene,  734 
Metadinitrobenzene,  734 
Metatrihydroxy  benzene,  734 
Metal,  definition  of,  3X 
Metaldelxyd,  502 
Metallurgy  of  coppex*,  371 
iron,  310 
lead,  385 
tin,  359 
zinc,  290 

Metals,  action  on  water.  13 
cbemistx-y  of,  249 
classification  of,  249 
noble,  16 

of  the  alkalies,  275 
of  the  alkaline  earths,  284 
relations  to  oxygen,  29 
Metal-slag  (copper),  373 
Metameric,  477 
Metantimonic  acid,  355 
Metaphosphates,  230 
Metaphosphoric  acid,  230 
Metarabin,  654 
Metarsenic  acid,  24T 
Metasilicic  acid,  114 
Metastannic  acid,  365 
Metastyrolene,  477 
Metatartaric  acid,  534 
Metaterebenthene,  48 1 
Metatoluidine,  584 
Metaxylene,  733 
Meteoric  iron,  307 
Methane,  468 

constitution  of,  723 
Methenc  di-iodide,  554 
diphenyle,  633 
Methyl  acetate,  559 

acetic  ether,  734 
acetylene,  473 
alcohol,  491 
aldehyd,  502 
allyl  ether,  551 
amine,  575 
aniline,  580 
arsine,  569 
arsinic  acid,  570 
benzenes,  477,  733 
benzoic  acid,  521 
benzyl  ether,  551 
bromide,  532 
carbamides,  592 
carbamine,  619,  623 
carbimide,  623 
chloride,  552 
comine,  593 
crotonic  acid,  517 
cyanate,  622 
cyanide,  587 
cyanurate,  622 
diethyl-amylium  iodide,  57 
diphenylamine,  580 
diphenyl  phosphine,  631 
ether,  550 
ethylaminc,  577 
ethyl  amylamine,  577 
aniline,  580 
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Methyl  ethyl  ether,  550 
urea,  623 
fluoride,  553 
formamide,  587 
formate,  559 
formic  acid,  510 
glycocines,  674 
glycolyl-guanidine,  675 
guaiacol,  636 
guanidine,  675 
liesyl  ketone,  546 
liydantom,  675 
hydrate,  491 
iodide,  553 
isocyanate,  623 
isocyanide,  619 
methyl-salicvlate,  561 
morphine,  596 
naphthalene,  479 
nitrate,  558 
nitrite,  558 
oxalate,  560 

para-oxybenzoic  acid,  525 
phenol,  638 
phenylamine,  580 
phosphines,  568 
phosphinic  acids,  568 
picrate,  562 
propyl  carbinol,  726 
ether,  550  _ 

proto-cateehuic  acid,  525 
pyrocatechin,  635 
salicylate,  524,  561 
salicylic  acid,  562 
succinic  acid,  531 
sulphates,  536 
theobromine,  999 
ureas,  623 

Methylated  ether,  548 
spirit,  490 
Methyle,  467 
Methylene  blue,  584 

hexphenyl-phosphonium  iodide, 
632 

white,  584 

Mica,  297 

Microeosmic  salt,  231 
Mildew,  63 
Milk,  710 

sugar,  646 
Mill-cake,  447 
furnace,  320 
Millon’s  test,  68  x 
Millstone  grit,  438 
Mine  iron,  313 
Mineral  cotton,  314 
green,  382 
silicates,  302 
sperm  oil,  470 
waters,  52 
yellow,  397 
Mines,  ventilated,  81 
Minium,  394 
Mirbane  essence,  138 
Mirrors,  manufacture  of,  402,  409 
Mispiqlcel,  236 
Mixture  and  compound,  62 
Moire  mdtallique,  364 
Molasses,  644 
Molecular  formula,  464 


Molecular  volumes,  739 
weight,  3 

Molecule,  definition,  1,  2 

of  alcohol  determined,  465 
of  a base  determined,  465 
of  an  acid  determined,  465 
of  water,  2 
Molecules,  1,  2 

vibrations  of,  742 
Molybdate  of  lead,  349 
Molybdena,  349 
Molybdenum,  349 
Molybdic  acid,  349 
ochre,  349 
Mona  copper,  375 
Monad  elements,  7 
Monamines,  574 
Monatomic  elements,  7 
Moniodonaphthalene,  479 
Monkshood,  602 
Monobasic  acids,  248 

diatomic  acids,  524 
Monochlorether,  550 
Monochlorhydrin,  554 
Monochlorobenzene,  476 
methane,  469 
naphthalene,  478 
Monoformin,  509,  564 
Monohydric  alcohols,  490 
Mordants,  693 
Morin,  667 

Moringic  (cimicic)  acid,  517 
Moritannic  acid,  526 
Morocco  leather,  695 . 

Morphine,  596 

hydrochlorate,  596 
meconate,  596 
periodide,  596 
Mortar  for  building,  439 
Mosaic  gold,  366 
Mould,  63 

Mountain-ash  berries,  533 
Mucic  acid,  527 
Mucilage,  654 
Mucin,  684 
Mucus,  684 
Muffle,  392 

Mulberry  calculus,  529 
Multiple  proportions,  146 
Mundic  (iron  pyrites),  335 
Muntz  metal,  378 
Murexan,  543 
Murexide,  543 
Murexoin,  600 
Muriate  of  morphia,  596 
Muriatic  acid,  154 
Muscarine,  677 

Muslin,  uninflammable,  269,  369 
Mustard , essential  oil  of,  623 

oil  test  for  primary  bases,  624 
Mycose,  646 
Mydatoxine,  677 
Mydine,  677 
Myosin,  682 
Myricin,  561 
Myristic  acid,  514 

aldehyd,  503 
Myronic  acid,  623 
Myrosine,  623 
Myrtle,  essential  oil  of,  482 
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Naphtha,  coal,  475 
wood,  491 
Naphthalene,  478 

chlorides,  478 

ehloro-substitution  products, 

478 

disulphonic  acid,  479 
hydrocarbons,  643 
moniodo-,  479 

nitro-substitution  products, 

479 

sulphonic  acid,  479 
red,  586 
rings,  734 
sulphonic  acid,  479 
Naphthalic  acid,  479 
Naphthalidine,  586 
Naphthalising,  108 
Naphlhol,  586 
Naphthoquinone,  641 
Naphthohydroquinone,  641 
Naphthylamine,  586 
Naphthylene-diamine,  586 
Naphthyl-phenyl-ketone,  546 
Narceine,  597 
Narcotine,  597 
Nardic  acid,  516 
Negative  pole,  10 
Neo-paratlins,  724 
Neo-pentane,  724 
Nervous  substance,  685 
Nessler’s  test,  414 
Nest  sugar,  646 
Nettles,  acid  of,  509 
Neuridine,  677 
Neurine,  673,  677 
Neutralisation,  14 
Newland’s  periodic  law,  251 
Nickel,  338 

ammonium  sulphate,  339 
arsenical , 338 
arseniosulphide,  338 
cobalticyanide,  608 
cyanide,  607 
glance,  338 
oxides,  339 
sulphate,  339 
sulphides,  339 
Nicotine,  594 

etliylium  dibydroxide,  594 
Nicotinic  acid,  394 
Nigraniline,  583 
Nightshade,  59s 
Nil  album,  291 
Niobic  acid,  370 
Niobium,  369 
Nitranilines,  581 
Nitrate  of  potash,  139,  440 
Nitrates,  139 

formation  in  nature,  132 
Nitre,  439 

action  on  carbon,  442 
artificial  production  of,  441 
cubic,  440 
-heaps,  441 
purified,  455 
refining,  441 
Nitric  acid,  133 

action  on  hydrochloric  acid,  170 
metals,  136 


Nitric  acid,  action  on  organic  bodies,  137 
turpentine,  137 
formation  from  air,  133 

ammonia,  131 

fuming,  135 
preparation,  133 
test  of  strength,  T35 
anhydride,  138 
ether,  557 
oxide,  140 
peroxide,  144 
Nitrification,  132 
Nitriles,  617 
Nitrites,  143 
Nitro-anthracene,  480 
benzene,  475 

sulphonic  acid,  476,  634 
benzoic  acid,  520 
chloroform,  540 
cinnamene,  478 
cinnamic  acid,  669 
diphenyle,  633 
erythrite,  499 
ethane,  558 
mannite,  500 
methane,  558 
naphthalene,  479 
paraffins,  558 
phenisic  acid,  540 
phenols,  634 
phenylamine,  581 
phenylpropiolic  acid,  669 
phosphenylic  acid,  631 
Nitrogen,  122 

binoxide,  140 
bromide,  173 
bulbs,  463 

chemical  relations,  122 
chloride,  169 
chlorophospliide,  235 
determination,  463 
group  of  elements,  245 
iodide,  178 
oxides,  133 
peroxide,  144 
preparation,  142 
properties,  61 
protoxide,  139 
sulphide,  217 

Nitrogenised  bodies  identified,  70 
Nitroglycerin,  498,  563 
Nitrolic  acid,  726 
Nitromagnite,  564 
Nitromuriatic  acid,  170 
Nitroprussides,  611 
Nitrosalicylie  acid,  663 
Nitroso-aiethylamine,  576 
Nitroso-phenol,  634 
Nitro-substitution  products,  138 
Nitrosyle  chloride,  190 
nitrate,  170 
sulphate,  170 
Nitrous  acid,  143 

action  on  organic  compounds, 144 
commercial,  145 
formed  from  ammonia,  131 
ether,  558 
oxide,  139 
Nitroxyle,  138 
Noble  metals,  16 
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Nonane,  472 
N on-metallic  elements,  4 
Nonoic  acid,  514 
Nonylic  alcohol,  493 
Nordhausen  oil  of  vitriol,  200 
Normal,  724 
Normal  alcohols,  724 
paraffins,  724 
salt,  defined,  248 
Normandy’s  still,  54 
Nornarcotine,  597 
Nuclein,  684 
Nuggets,  425 
Nutmeg  butter,  514 

essential  oil  of,  482 
Nutrition  of  animals,  718 
plants,  714 
N ux-vomica,  601 


Oak  baric,  526 
Occlusion  of  hydrogen,  422 
Ochres , 298 
Octane,  472 
Octoic  acid,  514 
Octyl  acetate,  492 
alcohrl,  492 
aldehyd,  502 
CEnanthic  acid,  5x4 

' alcohols,  492 
ether,  561 
(Enanthol,  5x4 
CEnanthylidene,  475 
Oil  of  ants,  506 

gaultheria,  524 
meadow-sweet,  505 
spiraea,  505 
vitriol,  200 

manufacture,  203 
wine,  557 

winter-green,  524,  561 
Oils,  696 

Olefiant  gas,  95,  472 
Olefins,  473 

structure  of,  728 
Oleates,  518 
Oleic  acid,  518 

series  of  acids,  507 
Olein,  565 
Oleocutic  acid,  662 
Oligisb  iron  ore,  309 
Olive  oil,  565 
Olivine,  289 
Onyx,  1x3 

Oolite  limestone,  280 
Oolitic  iron  ore,  309 
Opal,  1x3 

blue,  585 
Opiamc  acid,  597 
Opium,  59s 

alkaloids,  595 
Orange  chrome,  346 
Oranges,  essential  oil  of,  482 
Orcein,  639 
Orchella  weed,  499 
Orcin,  or  orcinoi,  638 
Ore-furnace,  372 
Organic  acids,  506 

analysis,  idtimate,  462 
chemistry,  462 


Organic  compounds  classified,  467 
matter  identified,  63 
radicals,  467 
substance  defined,  7 
Organo-mineral  bodies,  565 
Oriental  alabaster,  50 
Orientation  of  the  benzene-ring,  732 
Orpiment,  red,  244 

yellow,  244 
Orsellinic  acid,  639 

Ortho-,  meta-,  and  para-  compounds,  73 
Orthoclase,  302 
Ortho-arsenic  acid,  24  r 
boric  acid,  120 
cresol,  638 
dibromobenzenc,  732 
dihydroxybenzene,  734 
phosphates,  230 
phosphoric  acid,  230 
silicic  acid,  114 
toluidine,  584 
xylene,  733 
Osmazome,  714 
Osrnic  acid,  423 
Osmiridium,  423 
Osmium,  422 
Ossein,  671 
Oswego,  702 
Oxalates,  528 
Oxalethylic  acid,  562 
Oxalethyline,  589 
Oxalic  acid,  528 

aldehyd,  503 
ether,  562 
series  of  acids,  508 
Oxalonitrile,  618 
Oxalovinic  acid.  562 
Oxaluramide,  544 
Oxaluric  acid,  543 
I Oxalyl  urea,  543 
Oxamethane,  588 
Oxamic  acid,  589 
1 Oxamide,  588 
; Oxanilic  acid,  593 
Oxanilide,  593 
Oxanthraquinonates,  642 
Oxatyle,  467,  506 
Ox-gall,  671 
Oxidation  defined,  26 

of  tissue-products,  720 
j Oxides,  26,  247 
Oxidising  flame,  109 
Oxindols,  670 
Oxyacids,  730 
Oxybenzenes,  628 
Oxycalcium  light,  41 
Oxycinchonine,  599 
Oxygen,  25 

blowpipe  flame,  109 
combustion  in,  27 
detected,  141 
determined,  38,  463 
extracted  from  air,  32 
identified,  11 
positive  and  negative,  56 
preparation,  35 
properties,  25 
purification,  64 
Oxygenated  water,  55 
Oxyhtemoglobin,  685 
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Oxy hydrogen  blowpipe,  41 
Oxymethylquinizine,  635 
Oxy morphine,  595,  596 
Oxymuriatic  acid,  154 
Oxynaphthylamine,  586 
Oxyphenie  acid,  635 
Oxyphenylamidopropionic  acid,  676 
Oxypicric  acid,  637 
Ozokerite,  470 
Ozone,  56 

Ozonisation  by  phosphorus,  58 
Ozonised  air,  57 

oxygen,  57 

Ozonising  apparatus,  57 

Paint,  blackened,  195 
luminous,  283 

Paintings,  effect  of  light  and  air  on,  195 
Palladamine  hydrochloride,  421 
Palladium,  421 
Palmitic  acid,  515 

aldehyd , 503 
Palmitin,  565 
Palmitolic  acid,  519 
Palmitoxylic  acid,  519 
Palm  oil,  696 
Pancreatic  juice,  719 
Panification,  707 
Papaverine,  595,  598 
Paper,  654 

action  of  nitric  acid  on,  656 
for  photographic  printing,  21 1 
Para-anthracene,  480 
Parabanic  acid,  543 
Parabin,  654 
Paracellulose,  661 
Paraconiine,  594 
Paracrcsol,  638 
Paraeyanogen,  604 
Paradibromobenzene,  732 
Paradihydroxybenzene,  732 
Paradihydroxytoluene,  734 
Paraffin,  470 

hydrocarbons,  470 
oil,  470 
series,  469 

Paraffins,  iso-  or  secondary,  724 
neo-  or  tertiary,  724 
normal,  724 

Paraform  aldehyd,  502 
Paraglobin,  681 
Paraguay  tea,  600 
Paralactic  acid,  523 
Paraldehyd,  501 
Paramucic  acid,  527 
Paramylene  (diamylene),  473 
Paranaphthalene,  479 
Paratartaric  acid,  536 
Paratoluidine,  584 
Paratrihydroxybenzenc,  734 
Parchment,  696 

size,  678 
vegetable,  655 
Paris  yellow,  397 
Parsley,  essential  oil  of,  482 
Partial  saturation,  method  of,  516 
Parting  of  gold,  207 
Parvoline,  671 
Passive  state,  331 
Patchouli,  oil  of,  482 


Patent  yellow,  397 
Pattinson’s  process,  388 
Paviin,  663 
Paving  stones,  438 
Paytine,  598 
Pea  iron  ore.  309 
Peach  wood,  667 
Pear  flavouring,  561 
Pearlash,  252 
Pearl  hardener,  282 
Pearls,  76 
Pearl-spar,  289 
Pearl  white,  352 
Peat-bog,  72 

composition,  460 
I Poetic  acid,  717 
Pectin,  717 
Pectose,  717 
! Pectosic  acid,  717 
Pelargonic  acid,  514 
ether,  561 

Pentachlorobenzene,  476 
Pentadecylic  acid,  515 
Pentad  elements,  7 
Pentamethylarsine,  570 
Pentane,  472 
Pentanes,  isomeric,  724 
Pentathionic  acid,  213 
Pentene,  473 
j Pentenyl-glycol,  496 
I Pepper,  essential  oil  of,  482 
, Peppermint,  essential  oil  of,  482 
j Pepsin,  681 
! Peptones,  681,  719 
i Perbromic  acid,  172 
j Perchloracetie  ether,  560 
Perchlorates,  165 
| Perchloric  acid,  165 
ether,  559 

Perchlorinated  ether,  350 
Perchlorokinone,  640 
Perchloronaphthalene,  479 
Perchromic  acid,  347 
Percussion  cap  composition,  626 
fuze,  164 
Perfume  ethers,  561 
Perfumes,  extraction  of,  482 
Periclase,  287 
' Pericline,  303 
! Periodates,  177 
Periodic  acid,  177 
Periodic  law,  251 
Permanent  ink,  403 
white,  276 

Permanganate  of  potash,  342 
Permanganates.  342 
Permanganic  acid,  342 
PerowsHte,  367 
Persulphocyanic  acid,  616 
Persulphuric  acid,  213 
Perthiocyanogen,  616 
I Per-uranates,  307 
j Peruvian  bark , 598 

saltpetre,  440 
j Petalile,  272 

Petrifying  springs,  49 
Petroleum,  98,  469 

ether,  470 
spirit,  470 

Pettenkofer’s  test  for  bile,  672 
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Pencyl,  481 
Pewter,  362 
Pharaoh’s  serpent,  617 
Phenanthrene,  480 
Phenic  acid,  628 
Phenol,  628 

aquate,  629 
test  for,  629 
Phenols,  628 

converted  into  hydrocarbon,  629 
Plienol-sulphonic  acids,  634 
Phenyl  acetate,  630 

acetic  acid,  619 
acetonitrile,  619 
acrylic  acid,  521 
allyl  alcohol,  499 
amine,  579 
angelic  acid,  507 
aniline,  580 
benzyl  ether,  351 
boric  acid,  632 
bromide,  631 
butylene,  478 
carbamate,  630 
carbamine,  620 
carbonate,  630 
carboxylic  acid,  630 
chloride,  631 
chlorocarbonate,  630 
crotonic  acid,  507 
cyanide,  541,  619 
ether,  629 
ethelene,  478,  521 
ethyl  ether,  630 
formic  acid,  519 
glycolic  acid,  664 
hydrate,  628 
hydrazine,  634 
hydride,  476 
hydrosulphide,  630 
imide-amide,  634 
iodide,  631 
isocyanide,  620 
mercaptan,  630 
mercuric  chloride,  632 
methyl  ether,  562 
orthophosphate,  630 
oxalate,  630 
oxamic  acid,  593 
phenol,  633,  634 
phenyle,  633 

phenylene  sulphonic  acid,  634 
phosphine  oxides,  631 
phosphines,  631 
phosphonium  iodides,  631 
phosphoric  acids,  630 

chlorides,  630 
propylene,  478 
propylic  acid,  521 
sulphonic  acids,  633 
Phenyle,  628 
Phenylene  brown,  583 
diamine,  580 
Philippium,  305 
Philosopher’s  wool,  291 
Phlogistic  theory,  154 
Phlogiston,  154 
Phloramine,  638 
Phlorctic  acid,  525 
Phloretin,  525,  663 
Phlorizein,  663 


Phlorizin,  525,  663 
Phloroglucol,  C2^,  637 
Phlorol,  525,  638 
Phocenin,  697 
Phorone,  546,  644 
Phosgene  gas,  168 
Phosphamides,  235 
Phosphaniline,  631 
Phosphates,  230 
Phos  phenyl  chlorides,  631 
Phosphenylic  acid,  631 
Phosphenylous  acid,  631 
Phosphethylic  acid,  559 
Phosphides,  225 
Phosphine,  232 
Phosphites,  231 
Phosphobenzene,  632 
Phosphodiamide,  235 

diethylic  acid,  559 
glyceric  acid,  564 
molybdate  of  ammonium, 
349 

monethylic  acid,  559 
Phosphor  bronze,  378 
Phosphorescence,  223 
Phosphoric  acid,  230 

anhydride,  229 
ether,  559 
Phosphorised  oil,  223 
Phosphorite,  220,  228 
Phosphorous  acid,  231 
Phosphorus,  220 

action  of  potash  on,  232 
allotropic  varieties,  222 
amorphous,  224 
and  oxygen,  26 
bromides,  234 

burnt  under  water,  166,  232 
chlorides,  234 
cyanide,  617 
fluoride,  235 
fuze  composition,  227 
iodides,  234 
match-bottle,  223 
oxides,  227 
oxychloride,  234 
pentachloride,  23a 
red,  224 
sulphides,  235 
sulphochlonde,  234 
tetroxide,  231 
trichloride,  234 
vitreous,  222 
Phosphoryle  chloride,  234 
Phosphotriamide,  235 
Phosphovinic  acid,  559 
Phosphurets,  225 
Phosphuretted  hydrogen,  232 
Photographic  baths,  silver  recovered,  405 
printing,  21 1,  406 
Phthalic  acid,  479,  536,  733 
anhydride,  536 
Phthalyl  dichloride,  556 
Phycite,  499 
Phyllocyanm,  666 
Phylloxanthin,  666 
Physetoleic  acid,  518 
Physical  isomerism,  481,  727 
properties,  8 
Pbysostigmine,  603 
Picoline,  671 
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Picramic  acid,  540,  634 
Picrates,  340 
Picric  acid,  540 
ether,  562 
Picrotoxin,  665 
Pig  iron,  3x4 
Pilocarpine,  603 
Pimelic  acid,  531 

anhydride,  531 
Pimple  metal  (copper),  374 
Pinacone,  546 
Pinacones,  730 
Pine-apple  flavouring,  561 
Pink  salt,  366 
Pins,  tinned,  362 
Pipe  clay,  298 
Piperic  acid,  603 
Piperidine,  603 
Piperine,  602 
Pipette,  curved,  86 
Pit  charcoal,  445 
Pitch  blende,  307 
Plants,  nutrition  of.  714 
Plaster  of  Paris,  281 
Plate-powder,  283 
Platinamine,  421 
Platina  muriate,  420 
Platinates,  419 
Platinic  chloride,  419 
hydrate,  419 
iodide,  421 
Platinicyanides,  614 
Platinised  asbestos,  142 
Platinochlorides,  419 
Platino-cyanides,  614 
Platinoid  metals  reviewed,  424 
Platinous  chloride,  420 
Platinum,  415 

amalgam,  409 
ammonio-ehloride,  420 
arsenide,  421 
bichloride,  421 
black,  418 
chlorides,  419 

corroded,  117,  225,  240,  418 
crucible  heated,  1x5 
cyanides,  614 
fulminating,  419 
ores,  analysis,  424 
oxides,  418 
phosphide,  421 
spongy,  416 
stills,  205 
sulphides,  421 
tetrachloride,  419 
Platosamine,  420 
Pleonaste,  332 
Plumbago,  65 
Plumbic  oxide,  394 
Pneumatic  trough,  91 
Polarised  light,  740 
Pole,  negative  and  positive,  10 
Pollux,  275 
Polychroite,  666 
Polyhalite,  288 
Polymeric,  477 
Polymerides,  477 
Polymerism,  477 
Poplar,  oil  of,  482 
Populin,  663 
Porcelain,  436 


: Porcelain,  glazed,  436 

painting,  436 
Porous  cell,  10,  21 
Porphyry,  303 
Porter,  705 

Porter- Clark  process,  51 
Portland  cement,  439 
stone,  438 
Port  wine  crust,  706 

effect  of  keeping,  706 
Position-isomerism,  723 
Positive  pole,  10 
Potash-albite,  303 
Potash,  253 

bicarbonate,  253 
bichromate,  344 
bisulphate,  134,  209,  257 
bitartrate,  252 
bulbs,  462 
caustic,  253 
chlorate,  162 
chromate,  345 
fused,  254 
nitrate,  257,  439 
permanganate,  342 
prussiate,  606 
quadroxalate,  529 
red  prussiate,  610 
sulphate,  209 
! Potassium,  252 

action  on  water,  13 
nntimonate,  355 
antimonyl  tartrate,  535 
antimony  oxalate,  529 
arsenite,  240 
aurate,  430 
auricyanide,  614 
auroevanide,  613 
bicarbonate,  253 
blowpipe,  test  for,  255 
bromate,  171 
bromide,  17 1,  256 
carbethylate,  559 
carbonate,  252 
carbovinate,  559 
chlorate,  162,  256 
chloride,  256,  440 
chlorochromate,  348 
chromate,  345 
chromic  oxaiale,  529 
chromicyanide,  612 
cobalticyanide,  608 
cobaltocyanide,  608 
cyanate,  620 
cyanide,  606 
diantimonate,  355 
dichromate,  344 
dimetantimonate,  356 
ferricyanide,  610 
ferrocyanide,  606 
ferrous  oxalate,  529 
fluoride,  257 
fulminurate,  628 
gallate,  527 
guaiacol,  636 
hydrate,  253 
hydride,  255 
hydrosulphide,  257 
hydroxide,  253 
iodate,  175,  256 
iodide,  175,  256 
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Potassium  isocyanate,  620 

isocyanurate,  628 
isosulphocyanate,  624 
manganate,  342 
inanganicyanide,  612 
manganocyanide,  612 
mercaptide,  493 
metantimonate,  356 
metastannate,  365 
nitrate,  257,  439 
nitrite,  144 
oleate,  518,  699 
osmite,  423 
oxalates,  528 
oxides,  256 
perchlorate,  165,  256 
permanganate,  342 
peroxide,  256 
phenol,  629 
phenyl-sulphate,  630 
picrate,  540 
platinoehloride,  419 
platinocyanide,  614 
pseudocyanate,  620 
pyrosulphate,  257 
saccharate,  527 
silicofluoride,  184 
sulpharsenite,  245 
sulphates,  209,  257 
sulphides,  25 7 
sulphocyanate,  616 
sulphocyanide,  616 
tannate,  526 
tartrate,  534 
tartryl-antimonite,  535 
test  for,  44 
thiocyanate,  616 
trichromate,  345 
tri-iodide,  256 
trithionate,  213 
urate,  541 
xanthate,  494 
Potato,  composition  of,  701 
spirit,  492 
starch,  651 

extraction  of,  701 

Pottery,  435 
Press  cake,  447 
Pressure  of  gases,  20 
Preston  salts,  269 
Promethean  light,  166 
Proof  spirit,  489 
Propane,  471 

constitution  of,  723 
Propargyl,  555 

alcohol,  4r  8 
chloride,  553 
Propcne,  473 

dichloride,  497 
Propenyl  alcohol,  496 
glycerol,  498 
hydrate,  496 
palmitate,  497 
tri-iodido,  497 
trinitrate,  498,  563 
Propenylates,  497 
Propenyle,  496,  563 
Propine,  475 
Propinyl  alcohol,  498 
Propionamide,  587 
Propione,  546 


Propionic  acid,  513 
Propionitrile,  618 
Propyl  alcohols,  492,  725 

secondary,  725 
aldehyd,  502 
benzoic  acid,  321 
carbinol,  492 
pyridine,  594 
Propyle,  490 
Propylene,  473 

glycol,  496 
Propylic  acid,  513 
ether,  550 
Protagon,  683 
Proteids,  684 
Protein,  684 
Protoeatechuic  acid,  525 

aldehyd,  505 

Protopine,  593 
JProustite,  236 

Proximate  organic  analysis,  690 
Prussian  blue,  609 

native,  334 
soluble,  609 
green,  61 1 

Prussiate  of  potash,  90,  606 
Prussic  acid,  538 
Pseudaconine,  476,  602 
Pseudaconitine,  602 
Pseudobutylene,  729 
Pseudocarbons,  66 
Pseudojervine,  602 
Pseudomorphine,  596 
Pseudonitrole,  726 
Pseudosulphocyanogen,  616 
Psilomelane,  340 
Ptomaines,  677 
Ptyalin,  719 
Puddled  bars,  320, 321 
steel,  328 
Puddling,  319 
Pulvis  fulminans,  443 
Pumice,  298 
Purbeck  stone,  439 
Purple  of  Cassius,  431 
Purpurin,  642 
Purree,  637,  667 
Pus,  684 
Putrefaction,  75 

modern  researches  on,  722 
Putrescine,  677 
Putty  powder,  365 
Pyrene,  480 
Pyridine,  594,  603,  671 
series,  671 

Pyrites,  capillary,  339 
efflorescent,  201 
extraction  of  sulphur  from,  187 
Fahlun,  218 
Pyrites,  iron,  335  _ _ 

oxidation  in  air,  201 
white,  201 

Pyroacetie  spirit,  545 
Pyroarsenie  acid,  241 
Pyroboric  acid,  120 
Pyrocatechin,  525,  635 
Pyrocitric  acids,  532 
Pyrocoinenie  acid,  538 
Pyrogallic  acid,  526,  637 
Pyrogallin  or  pyrogallol,  526,  637 
Pyrogallol-phthalein,  637 


INDEX. 


779 


Pyroligneous  acid.  510 
ether,  491 
Pyrolusite,  340 
Pyromucic  acid,  527 

aldehyd,  506 
Pyrophoric  iron,  92 
Pyrophorus,  lead,  393 
Pyrophosphates,  230 
Pyrophospliodiamic  acid,  235 
Pyrophosphoric  acid,  230 
Pyroracemic  acid,  534 
Pyrosulphuric  acid,  201,  208 
Pyrotartaric  acid,  534 
Pyrotritartaric  acid,  534 
Pyroterebic  acid,  517 
Pyroxanthin,  491 
Pyroxylie  spirit,  491 
Pyroxylin,  656 
Pyrrol,  671 

-red,  671 
Pyruvic  acid,  562 


Quadbit  alent  elements,  7 
Quantivalence,  246 
Quartation  of  gold,  428 
Quartz,  112 

artificial,  115 
Quassia,  665 
Quassiin,  665 
Quercetin,  664 
Quercitannic  acid,  526 
Quercitrin,  664 
Quercitron,  664 
Quick-lime,  45 
Quicksilver,  407 
Quinamine,  598 
Quince  oil,  561 
Quinhydrone,  640 
Quinic  acid,  527 
Quinieine,  599 
Quinidine,  599 
Quinine,  598 

amorphous,  599 
sulphates,  599 
Quinoidine,  599 
Quinol,  640 

-dicarboxylic  acid,  640 
Quinoline,  599,  670 

bases,  599,  670 
-cyanine,  670 
Quinone,  527 
Quinones,  639 
Quinotannic  acid,  526 
Quinquivalent  elements,  7 


Pace  mates,  536 
Racemic  acid,  536 

Radiant  matter  spectroscopy,  274,  304 
Radicals,  247,  467 

alcohol,  490 
organic,  467 
Railway  bars,  320 
Raisins,  647 
Rancid  butter,  697 
oils,  696 

Rational  formula;,  466 
Bealgar,  244 
Reaumur’s  porcelain,  434 
Reciprocal  combustion,  40 


Bed  copper  ore,  370 
Red  dyes,  694 
fire,  164 
lead,  394 
Bed'  lead  ore,  346 
Red  liquor,  263 
Bed  ochre,  309 

orpiment,  244 
Red  paints,  41 5 

precipitates,  410 
sanders- wood,  667 
-shortness,  323 
Bed  silver-ore,  407 
Red  sulphide  of  antimony,  358 
Reduced,  32 

Reducing  blowpipe  fiatne.  109 
Reduction  by  carbonic  oxide,  91 
on  charcoal,  109 
Refinery,  iron,  317 
Refluxing  condenser,  471 
Refraction  equivalent,  740 
of  saltpetre,  440 
Refractive  power,  740 
Refrigerator,  Carry’s,  126 
Regulus,  373 

of  antimony,  353 
Rennet,  683 
Resins,  483 

Resists  (calico-printing),  694 
Resorcin,  636 
Resorcinol,  636 
Resorcin-phthalein,  636 
Respiration,  75 
Retene,  480 
Retort,  54 

Reversed  condenser,  495 
Bhabdophane,  305 
Rhodium,  422 
Rhosdine,  595 
Rice,  701 

Ricinoleic  acid,  697 
Rinmann’s  green,  338 
Rising  of  bread,  707 
River- water,  46 
Roasting  meat,  713 

sulphides,  196 
Roecellic  acid,  532 
Rochelle  salt,  535 
Bock  crystal,  112 
moss,  638 
oil,  469 
salt , 258 
Bogersite,  370 
Roman  cement,  439 
Rosaniline,  584,  691 

acetate,  691 
triethylie,  693 
Rosaniline,  triphenylic,  692 
Rose,  attar  of,  472 
Roseine,  585 
Rosette  copper,  375 
Rosewood,  oil  of,  482 
Bosiclers,  406 
Rosin,  483 

soap,  690 
Rosoeyanin,  666 
Rosolic  acid,  689 
Rotation  of  crops,  716 
Rouge,  667 

white,  283 

Ruberythric  acid,  641 
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Rubidia,  275 
Rubidine,  671 
Rubidium,  275 
Rubijervine,  602 
Rub  1/,  300 

glass,  435 

Rue,  essential  oil  of,  546 
Rufigallic  acid,  527,  643 
Ruhmkorff’s  induction  coil,  12 
Rum,  706 
Rust,  13 1,  331 

-joint  cement,  191 
Rusty  deposit  in  waters,  53 
Rutbenic  anhydride,  423 
Ruthenium,  423 
Rutic  acid,  514 

alcohol,  493 
aldehyd,  502 
Rutile,  367 
Rutin,  664 
Rutylene,  482 
Rye-flour,  708 

SacchaeateS,  527 
Saccharic  acid,  527 
Saccharine,  477 

matters,  643 
Saccharoses,  643 
Safety-lamp,  Davy’s,  100 

Stephenson’s,  99 
Safflower,  667 
Saffron,  666 
Safranine,  583 
Sagapenum,  636 
Sago,  701 
Salad  oil,  696 
Sal-alembroth,  41 1 

ammoniac,  124,  270 
Salgemine,  258 
Salicin,  662 
Salicyl  alcohol,  499 
aldehyd,  505 
chloride,  556 
hydride,  505 
Salicylates,  524 
Salicylic  acid,  524 
Saligenin,  499,  662 
Saline  waters,  53 
Saliretin,  662 
Saliva,  719 
Sal-polychrest,  209 
prunelle,  442 
Salt-cake,  260 
Salt  as  manure,  715 
common,  258 
defined,  30 

-gardens  of  Marseilles,  259 
-glazing,  437 
of  lemons,  529 
of  sorrel,  528 
of  tartar,  253 
Salting  of  meat,  714 
Saltpetre,  257,  439 

as  manure,  7x5 

cubical,  440 

-flour,  441 

impurities  in,  440 

made  from  sodium  nitrate,  440 

properties,  442 

refining,  441 

tests  of  purity,  442 


Salt-radicals,  184 
Salts,  acid,  248 
basic,  248 
constitution  of,  248 
double,  248 
haloid,  184 
normal,  248 
Sal-volatile,  270 
SamarsJcite,  305,  370 
Sand,  1 13 
Saniiarack,  484 
Sandstone,  438 

Craigleith , 438 
Sanitas,  482 
Santalin,  667 
Santonic  acid,  665 
Santonin,  665 
Sap  of  plants,  716 
Saponification  by  steam,  701 

sulphuric  acid,  563,  700 
of  ethereal  salts,  556 
theory  of,  699 

Saponin,  664 
Sappan  wood,  66 7 
Sapphire,  300 
Sarcine,  677 
Sarcolactic  acid,  523 
Sarcosine,  674 
Sassafras-nuts,  514 
Satin  spar,  280 
Saturated  hydrocarbons,  728 
solution,  42 

Savin,  essential  oil  of,  482 
Saxony  blue,  668 
Scammony,  664 
Scandium,  305 
Scarlet  dyes,  694 
Scheele’s  green,  240 
Scheelite,  368 
Schlippe’s  salt,  358 
Schweitzer’s  reagent,  654 
Scotch  pebbles,  112 
Scott’s  cement,  439 
Scovillite,  305 
Scrubber,  688 
Scurvy-grass,  oil  of,  624 
Scyllite,  650 
Seal  oil,  697 
Sea-water,  53 

extraction  of  salts  from,  259 
-weed.  173 
Sebacic  acid,  531 
Sebic  acid,  531 
Secretion,  720 
Sedative  salt,  119 
Seeds,  composition,  716 
germination,  716 
Sefstrom’s  furnace,  330 
Seignette’s  salt,  535 
Sel  d’or,  431 
Selective  absorption,  741 
Selenic  acid,  2x8 
Selenides,  219 
Selenietted  hydrogen,  219 
Selenious  acid,  218 
Selenite,  281 
Selenium,  218 
Sellaite,  182 
Seltzer  water,  33 
Separating  funnel,  96 
Sericin,  679 
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Serin,  679 
Serpentine,  289 
Serum,  712 

Shaft,  downcast  and  upcast,  81 
Shale  oils,  470 
Shamoying,  696 
Shear  steel,  326 

Sheep-dipping  composition,  240 
Shell-lac,  670 
Sherry,  706 
Shot,  392 

Sicilian  sulphur,  185 
Siemens’  induction  tube,  57 

regenerative  furnace,  461 
steel,  328 
Sienna,  298 

Signal-light  composition,  244 
Silica,  1 12 

amorphous,  115 
crystalline,  115 

dissolved  by  hydrofluoric  acid,  181 
gelatinous,  183 
Silicated  soap,  699 
Silicates,  116 
Silicic  acid,  114 
ether,  559 
Silicium,  117 

ethyle,  567 
methyle,  567 
Silico-acetic  acid,  568 

benzoic  acid,  632 
chloroform,  169 
fluoric  acid,  183 
nonane,  568 
nonyl-alcohol,  568 
phenyl  trichloride,  632 
propionic  acid,  568 
Silicon,  1 17 

amorphous,  117 
chloride,  168 
disulphide,  217 
ethylates,  568 
fluorides,  184 
fused,  1x7 
grapliitoid,  117 
hydride,  1x8 
hyposulphite,  211 
nitride,  118 
tetrabromide,  173 
tetramethide,  567 
tetraphenyle,  632 
tetrethiie,  567 
tribromochloride,  173 
Silicone,  118 
Silk-gelatin,  679 
Silver,  399 

acetate,  511 

acetylide,  474 

amalgam,  410 

ammonio-nitrate,  404 

arsenate,  407 

arsenite,  239,  406 

bromide,  405 

carbonate,  404 

chlorides,  404 

cleaned,  195 

coin,  401 

crucibles,  403 

cyanide,  539,  6x3 

detected  in  lead,  392 

extracted  by  amalgamation,  400 


Silver,  extracted  from  copper  ores,  400 
lead,  390 
ferricyanide,  61 1 
ferroeyanide,  610 
fluoride,  406 
frosted,  401 
fulminate,  627 
fulminating,  403 
fusing-point,  402 
glance,  406 
liyponitrite,  404 
hyposulphite,  21 1 
iodide,  176,  405 
meconate,  538 
metaphosphate,  231 
native,  399 
nitrate,  403 
nitride,  403 
nitrite,  404 
ore,  red,  407 
orthophosphate,  230,  406 
oxalate,  529 
oxides,  403 
oxidised,  401 
paracyanide,  613 
periodate,  177 
phosphate,  406 
plate,  40  x 

pure,  preparation  of,  402 
pyrophosphate,  231 
refining,  390 
solder,  401 
standard,  401 
sulphantimonate,  407 
sulpharsenite,  407 
sulphates,  406 
sulphide,  406 
sulphite,  406 
tarnished,  195 
tartrate,  535 
tree,  410 
triphosphate,  230 
Silvering,  401 
Simple  solution,  42 
Sinnamine,  623 
Siphon  eudiometer,  38 
Size,  678 
Skatol,  669 

Slag  blast-furnace,  314 
iron-refinery,  318 
lead-furnace,  386 
metal  (copper),  373 
ore-furnace,  372 
puddling  furnace,  321 
refinery  (cooper),  374 
roaster  (copper),  373 
Slaked  lime,  280 
Slaking  of  lime,  45,  280 
Slate,  298 
Slow  port  fire,  443 
Smalt,  337 
Smelling-salts,  269 
Smitlisonite , 294 
Smoke,  73 

Smokeless  gas  burners,  107 
Snow,  54 
Snuff,  594 
Soap,  698 

arsenical,  240 
Castile,  699 
mottled,  699 
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Soap-nut,  664 
-wort,  664 
yellow,  699 
Soda,  263 

action  on  hard  waters,  51 
ash,  261 
biborate,  266 
bicarbonate,  263 
carbonate,  263 

manufacture,  260 
medicinal,  263 
caustic,  263 
chloride,  162 
crystals,  261 
hyposulphite,  210 
-lime,  463 
-lye,  263 

manufacture,  260 
nitrate,  268,  440 
washing,  263 
-waste,  262 
-water,  82 

Sodacetic  ether,  560 
Sodio-acet-acetic  ether,  560 
Sodio-potassium  tartrate,  535 
Sodium,  264 

acetate,  511 
acetylide,  474 
action  on  water,  15 
alcohol,  488 
aluminate,  301 
amalgam,  130 
ammonium  racemate,  536 
and  oxygen,  29 
arsenates,  241,  266 
arsenite,  240 
aurochloride,  430 
borate,  266 
carbonates,  263 
chloride,  258,  265 
dichromate,  345 
equivalent  weight,  15 
ethylate,  488 
ethylenates,  495 
extraction,  264 
fluoride,  265 
glycol,  495 
hydrate,  263 
hydrosulphite,  212 
hypochlorite,  162 
hypophosphite,  232 
hyposulphite,  210,  266 
line  in  spectrum,  273, 
manganate,  342 
metaphosphate,  231 
nitrate,  268, 440 
nitroprusside,  611 
oleate,  518 
oxalate,  529 
palmitate,  699 
pentasulphifle,  212 
periodate,  177 
permanganate,  343 
phenol,  629 
phenylate,  629 
phosphate,  230,  266 
platiuate,  419 
platinoehloride,  420 
pyroborate,  266 
pyrophosphate,  231 
pyrosulphate,  265 


Sodium  silicates,  267 

sodiolactate,  524 
stannate,  364 
stearate,  515 
sulphantimoniate,  196 
sulpharseniate,  196 
sulphates,  265 
sulphides,  265 
sulphite,  200,  265 
sulphostannate,  196 
sulphoxyphosphate,  234 
tetrathionate,  213 
thiosulphate,  266 
triacetyle,  560 
tungstate,  369 
urate,  542 
Soffioni,  119 
Softening  waters,  51 
Soft  soap,  518 
water,  47 

Soils,  carbonic  acid  in,  76 
formation  of,  83,  715 
impoverished,  715 
iron  in,  332 
Solanidine,  595 
Solanine,  595 
Solder , 362 

brazier’s,  378 
silversmith’s,  401 
Soldering,  271 
Soluble  glass,  267 
Solution,  42 
Solvay’s  process,  262 
Sombrerite,  283 
Soot,  73 

as  manure,  716 
Sorbic  acid,  519 

series  of  acids,  507,  519 
Sorbite,  500 
Sorrel,  salt  of,  528 
Soup,  7x3 
'Spanish  black,  66 
Sparkling  wines,  83 
Sparteine,  595 
Spathic  iron  ore,  309 
Specific  gravity  of  gases,  19,  25 

liquids,  54,  126 
solids,  54 

heat,  431 

and  atomic  weight,  258 
refractive  power,  740 
rotatory  power,  741 
volume,  739 
Spectroscope,  273 
Spectrum  analysis,  273 
Specular  iron  ore,  309,  363,  378 
Speculum  metal,  363 
Speiss,  337 
Spelter,  292 
Spermaceti,  493,  561 
Sperm  oil,  697 

mineral,  470 
Spheroidal  state,  198 
Spices,  preservative  effect  of,  722 
Spiegel-eisen,  328 
Spinclle,  300,  332 
Spirit,  methylated,  490 
of  salt,  147 
of  turpentine,  481 
of  wine,  486 
proof,  489 
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Spirits,  706 

Spiritus  rectificatus,  489 
tenuior,  489 
Spirting  avoided,  115 
Spodumene,  272 
Sponge,  684 
Spongin,  684 
Spongy  platinum,  416 
Spontaneous  combustion,  26 
Springs,  petrifying,  49 
Spring  water,  46,  82 
Sprouting  of  silver,  402 
Stalactites  and  stalagmites,  49 
Stannates,  364 
Stannic  acid,  364 

arsenate,  367 
bromide,  366 
chloride,  366 
ethide,  573 
nitrate,  365 
oxide,  364 
phosphate,  367 
sulphate,  367 
sulphide,  366 
Stannous  chloride,  365 
ethide,  573 
nitrate,  365 
oxide,  364 
sulphide,  366 
Star  antimony,  352 
Starch,  650,  701 

animal,  653 
cellulose,  651 
commercial,  65  r 
extraction,  651 
iodised,  175 
-paste,  preparation,  57 
soluble,  652 
-sugar,  647 
varieties  of,  651 
Stassfurthite,  256 
Stavesacre,  603 

Steam,  composition  by  volume,  39 
decomposed  by  carbon,  89 

chlorine,  152 
electric  sparks,  12 
heat,  13 

latent  heal  of,  459 
specific  gravity  calculated,  55 
Stearates,  5x5 
Stearic  acid,  515 

aldehyd,  50 
Stearin,  565 

candles,  700 
Stearoeutic  acid,  662 
Stearolic  acid,  51 
Stearoxylic  acid,  519 
Steatite,  286 
Steel,  324 

annealing,  326 
Bessemer,  328 
blistered,  325 
cast,  326 

distinguished  from  iron,  327 
German,  328 
hardening,  326 
Krupp’s,  329 
made  with  coal-gas,  327 
manufacture,  324 
natural,  328 
nitrogen  in,  327 


Steel,  puddled,  328 
shear,  326 
tempering,  326 
tilted,  325 
titanium  in,  327 
Stereochromy,  267 
Sterro-metal,  379 
Stibethyle,  571 
Stibiopentamethyle,  571 
Stibiotriethyle,  571 
Stibiotrimethyle,  571 
Stibnite,  353 
Still,  53 

Stone,  artificial,  268 
-coal,  74 
decayed,  438 
test  of  durability,  438 
-ware,  437 
Storax,  483 
Stout,  705 
Straits  tin,  360 
Stream  tin  ore,  359 
Strontia,  279 

-process  for  sugar-refining,  644 
Stroutianite,  278 
Strontium,  278 

carbonate,  278 
chloride,  279 
dioxide,  279 
hydrate,  279 
nitrate,  279 
sulphate,  279 
sulphide,  279 
Structural  formulae,  466 
Strychnine,  601 

methylium  hydroxide,  601 
Strychnos  alkaloids,  601 
Stucco,  282 
Styphnic  acid,  637 
Styracin,  483,  562 
Styrolene,  474,  477 
Styryl  (cinnamyl),  alcohol,  499 
chloride  556 

Suberic  acid,  531 
Suberin,  662 

Sublimate,  corrosive,  41 1 
Sublimation,  124 
Sublimed  sulphur,  187 
Substitution,  153 
Succinamic  acid,  589 
Succinamide,  589 
Succinic  acid,  530 

anhydride,  530 
series  of  acids,  508 
Succinimide,  580 
Succinyl  dichloride,  556 
Succussion,  205 
Sucrates,  645 
Sucrose,  643 
Sucroses,  643 
Suerotctranitrin,  645 
Suet,  563 
Sugar,  643 

beetroot,  644 
-candy,  644 
cane,  643 
extraction,  644 
-lime,  645 
loaf,  644 
maple,  643 
of  flesh,  649 
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Sugar  of  fruits,  648 
of  gelatin,  674 
of  lead,  511 
of  manna,  499 
of  milk,  646 
raw,  644 
refining,  644 
starcli,  647 
uncrystallisable,  644 
Sugars,  643 

optical  properties,  643 
Sulphamylic  acid,  557 
Sulphanilic  acid,  583,  634 
Sulphanthraquinonic  acid,  642 
Sulphantimonates,  358 
Sulphantimonitcs,  358 
Sulpharsenates,  245 
Sulphates,  209 
Sulphethylates,  557 
Sulphetliylic  acid,  557 
Sulphides,  185,  194 

action  of  air  on,  196 
Sulphindigotic  acid,  668 
Sulphindylic  acid,  668 
Sulphites,  200 
Sulpliobenzide,  631 

carbamic  acid,  592 
carbamides,  624 
carbimides,  624 
carbonates,  216 
carbonic  acid,  216 
chromites,  348 
cyanates,  617 
cyanic  acid,  616 
glyceric  acid,  563,  700 
methylates,  557 
methylic  acid,  557 
palmitic  acid,  700 
phosphates,  235 
phospbotriamide,  235 
stearic  acid,  700 
urea,  617 
vinic  acid,  557 
Sulpholeic  acid,  700 
Sulphonic  acids,  476 
Sulphonyle,  467 
Sulphur,  185 
Sulphur-acids,  196 

action  of  alkalies  on,  192 
lime  on,  196 
alcohols,  493 
allotropic  states  of,  191 
amorphous  or  insoluble,  189 
and  oxygen,  28 
bases,  196 
chlorides,  217 
dichloride,  218 
dimorphous,  190 
distilled,  187 
ductile,  189 
electro-negative.  189 
positive,  139 
extraction,  186 

from  soda-waste,  262 
flowers  of,  187 
for  gunpowder,  445 
home  sources  of,  187 
iodides,  218 
milk  of,  188 

occurrence  in  nature,  185 
octahedral,  190 


Sulphur  ores,  185 

oxides,  197 
plastic,  189 
prismatic,  190 
properties,  188 
refining:,  187 
roll,  187 
rough,  187 
-salts,  196 
sesquioxide,  213 
sublimed,  187 
uses,  188 

vapour  density,  192 
washed,  445 
Sulphureous  waters,  53 
Sulphuretted  hydrogen,  192 
Sulphuric  acid,  200 

action  on  copper,  199 
fats,  700 
metals,  207 
organic  matters, 
207 

anhydrous,  208 
concentrated,  205 
diluted,  turbidity  of,  206 
distillation  of,  205 
fuming,  200 
glacial,  207 
manufacture,  203 
Nordhausen,  200 
vapour  density,  209 
Sulphuric  anhydride,  208 
ether,  547 

Sulphuring  casks,  199 
Sulphurous  acid,  198 

action  on  zinc,  212 
properties,  198 
anhydride,  197 
Sulphuryle,  200 
Sumach,  526 

Superphosphate  of  lime,  221 
Supersaturated  solutions,  43 
Sioedisli  iron  ore,  309 
Sweet  oil,  696 

spirits  of  nitre,  558 
Syenite,  303 
Symbols,  6 

Symmetrical  substitution-products,  732 
Sympathetic  ink,  45 
Synanthrose,  646 
Synaptase  (emulsin),  504 
Synthesis  of  acids  of  the  acetic  series,  734 
organic  compounds,  93,  474 
water,  36 

TAGILITE,  382 
Talc,  286 
Tallow,  697 
Tank  waste,  21 1 
Tannates,  526 
Tannic  acid,  526 
Tannin,  526 
Tanning,  695 
Tannomelanic  acid,  526 
Tantalic  acid,  370 
Tantalite,  370 
Tantalum,  370 
'l'ap-cinder,  321 
Tapioca,  702 
Tar-charcoal,  44s 
coal,  690 
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Tar-wood,  491 
Tartar,  533 

salt  of,  233 
-emetic,  535 
Tartaric  acid,  533 

anhydride,  534 
ether,  562 
Tartralic  acid,  534 
Tartrates,  534 
Tartrelic  acid,  534 
Tartrethylic  acid,  562 
Tartronic  acid,  532 
Tartronyl  urea,  542 
Tartrylantimonious  acid,  535 
Tartryl  antimonites,  535 
Taurine,  672 
Taurocarbamic  acid,  673 
Taurochloic  acid,  671 
Tawing,  695 
Tea,  composition,  709 
Tellurettedhydrogen,  220 
Telluric  acid,  219 
Tellurides,  219 
Tuliurium,  219 
Tellrous  acid,  219 
Temper  spoilt,  327 
Tempering,  colours  in,  327 
Tenacity  of  copper,  310 
iron,  310 
Tennantite,  236 
Terbia,  305 
Terebene,  482 
Terebenthene,  481 
Terebilene,  481 
Terephthalic  acid,  496 
Terne  plate,  362 
Terpene  dibromide,  481 
tetrachloro-,  481 
Terpenes,  482 
Terpin,  481 
Terpinol,  481 
Terra  japonica,  525 
Tertiary  alcohols,  725 
amines,  574 
butyl  alcohol,  726 
iodide,  724 
isobutyl  chloride,  727 
Test  tube,  34 
Tetanine,  677 
Tetrachloranthracene,  480 
ether,  550 
chlorobenzene,  476 

hydroquinone,  640 
methane,  469 
quinone,  640 
terpine,  481 
Tetrad  elements,  7 
Tetrahydric  alcohol,  499 

liydroxyanthraquinone,  643 
l'etrallylium  hydrate,  578 
Tetramethyl-alloxantin,  600 

arsonium  hydroxide,  570 
iodide,  570 
benzene,  477 
glycol,  730 
methane,  724 
murexide,  600 

phosphonium  hydroxide,  568 
iodide,  568 

pinacone,  730 
stibonium  hydroxide,  571 


| Tetramethyl-thionine  chloride,  584 

hydroxide,  584 

Tetramines,  574 
Tetramylene,  473 
Tetranitronaphthalene,  479 
Tetrathionic  acid,  213 
Tetratomic  elements,  7 
Tetrethyl-arsonium  hydroxide,  571 
Tetrethylium  hydroxide,  578 
iodides,  578 

Tetrethyl-phosphonium  hydroxide,  569 
iodide,  569 
stibonium  hydroxide,  571 

hydrosulphide,  51 

Tetrolic  acid,  519 
Tetrylene,  473 
Thalleiochin,  598 
Thallium,  398 

ethylate,  488 
Thebaine,  39  c,  397 
Thebenine,  597 
Theine,  599 
Thenardite,  265 
Theobromine,  601 
Thio-alcohols,  493 
carbamide,  624 
carbamiaes,  624 
carbanilide,  593 
carbimides,  624 
carbonates,  216 
cyanic  acid,  616 
ether,  493 
ethylates,  493 
phenol,  630 
resorcin,  636 

Tliionine  hydrochloride,  584 
Thionyle,  200 
Thiophene,  476 
Thiosinnamine,  623 
Thomas-G-ilchrist  process,  328 
Thoria,  304 
Thorium,  304 
Thorite,  304 
Thulia,  305 

Thyme,  essential  oil  of,  482 
Tiglic  acid,  517 
Tile  copper,  375 
Tiles,  437 
Tin,  358 

alloys  of,  362 
amalgam,  409 
bichloride,  366 
binoxide,  364 
bisulphide,  366 
boiling,  360 
crystals,  365 
dichloride,  365 
dimethyl  iodide,  573 
diphenyl  dichloride,  632 
disulphide,  366 
dropped,  360 

extracted  in  laboratory,  361 
foil,  361 
grain,  360 
hexethide,  573 
impurities,  364 
metallurgy  of,  358 
nitromuriate,  366 
ores,  359 
oxychloride,  365 
plate,  361 
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Tin,  properties  of,  361 
protochloride,  365 
protosulphide,  366 
protoxide,  364 
pure,  364 
pyrites,  367 
salts,  365 
sesquioxide,  365 
stannate,  365 
stones,  365 
tetrachloride,  366 
tetramethidc,  572 
tetrethiae,  573 
-tree,  365 

triethyl-ethylate,  573 
trimetkyl-iodide,  572 
triphenyl  chloride,  633 
Tincal,  119,  266 
Tinned  iron,  361 
Tinning  brass,  362 
copper,  362 
Tinwhite  cobalt,  336 
Titanic  acid,  368 
Titanic  iron,  309 
Titanium,  367 
Toast,  652 
Tobacco,  594 
Tokay,  706 
Tolu  balsam,  483 

essential  oil  of,  482 
Toluene,  477 

-sulphonamide, 
-sulphonic  acid,  477 
Toluic  acid,  521,  619 
Toluidines,  584 
Tolylene,  496 

dichloride,  496 
dihydrate,  496 
Tonka  bean,  665 
Topaz,  182,  300 
Torbane-hill  mineral,  470 
Touch-paper,  443 
Touch-stone,  137 
Toughening  steel,  326 
Tourmaline,  120,  182 

artificial,  599 
Tous-les-mois,  651 
Trap-rock,  303 
Treacle,  644 
Tree-wax,  698 
Trehalose,  646 
Triacetin,  565 
Triacetyl  cellulose,  655 
Triad  elements,  7 
Triallyl  melamine,  623 
Triamines,  574 
Triamylene,  473 
Triatomic  elements,  7 
Tribasic  phosphates,  230 

phosphoric  acid,  230 
Triboretbyle,  568 
Tribromanthracene,  480 
Tribromhydrin,  554 
Tribromophenol,  629 
benzenes,  732 
Tributyrin,  565 
Tricarballylic  acid,  537 
Trichloracetic  acid,  512 
Trichloraniline,  581 
Trichlorethylidcne  alcohol,  730 
Trichlor hydrin,  554 


Trichlorobcnzene,  476 

hydroquinone,  640 
pyrogallin,  637 
quinone,  640 
Tricyanhydrin,  537 
Tridecylic  acid,  514 
Triethylaminc,  576 
Triethylarsine,  570 

Triethyl-phenyl-phosphonium  iodide,  631 
phosphine,  568 
sulphide,  569 
silicon  phenyl,  632 
stibine,  571 
tin  phenyl,  632 
Triethylene  tetralcohol,  496 
triamine,  577 
Trihydric  alcohols,  496 
Trihydroxy-anthraquinone,  642 
benzene,  637 
benzoic  acid,  526 
Trilaurin,  565 
Trimethene  dibromide,  554 
Trimethyl-acetic  acid,  735 
amine,  574 
arsine,  569 
benzoic  acid,  521 
ethylium  iodide,  578 
nornarcotine,  597 
phosphine,  568 
stibine,  571 

vinyl  ammonium  hydroxide,  673 
Trinitro -albumen,  681 
cellulose,  656 
diphenylamine,  580 
naphthalene,  479 
phenic  acid,  540 
phenol,  540 
phloroglucol,  638 
Trinitrosophloroglucol,  638 
Triolein,  565 
Trioxindol,  669 
Tripalmitin,  565 
Triphane,  272 
Triphenylamine,  580 
Triphenylic  leucaniline,  692 
Triphcnyl-methyl-phosphonium  iodide,  632 

oxide,  632 

Triphenyl-phosphine,  631 

-pliosphonium  iodide,  631 
oxide,  632 

-rosaniline,  585,  692 
Triple  phosphate,  288 
Trithionic  acid,  213 
Tritylene,  473 
Trivalent  elements,  7 
Tnpaeolin,  583 
Tropic  acid,  595 
Tropine,  595 
Tungsten,  368 
Tungstic  acid,  369 
Tungstoboratcs,  369 
Tunicin,  662 

Turbitli  or  turpeth  mineral,  41 1 
Turkey  red,  694 
Turmeric,  666 

action  of  boracic  acid  on,  120 
Turnbull’s  blue,  61  r 
Turner’s  yellow,  397 
Turpethin,  664 
Turpentine,  480 

action  of  nitric  acid  on,  137,  401 
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Turpentine,  hydrates,  481 

hydrocarbons,  482 
in  chlorine,  152 
Turquoise,  304 
Tuylre  pipes,  31 1 
Type  furniture  alloy,  388 
metal,  351,  392 
Types,  chemical,  247 
Tyrosine,  676 

Ulmic  acid,  655,  7x8 
Ultramarine,  artificial,  303 
green,  303 
Unit  of  heat,  26 

volume  and  weight,  3 
Umbelliferone,  636 
Umber,  298 
Undecylic  acid,  5x4 
Unsaturated  hydrocarbons,  728 
Upcast  shaft,  81 
Uramil,  543 
Uranium,  307 
Urea,  590 

artificial  formation,  621 
extraction  from  urine,  390 
hydrochloride,  591 
nitrate,  591 
oxalate,  591 
Ureas,  compound,  592 
Ureides,  592 
Urethane,  592 
Uric  acid,  541 

action  of  nitric  acid  on,  542 
constitution  of,  735 
Urine,  composition,  714 

putrefaction  of,  715 
Uroxanic  acid,  544 

Vacuum-pans,  644 
Valency,  7,  246 
Valentinite,  354 
Valeral,  503 
Valeramide,  587 
Valerian,  essential  oil  of,  482 
root,  514 
Valerianic  acid,  513 
Valeric  acid,  513 

tertiary,  735 
aldehyd,  503,  728 
Valerin,  697 
Valerolactic  acid,  524 
Valerone,  546 
Valerylene,  475 
Vanadic  acid,  350 
Vanadium,  349 
Vanillic  acid,  525 

alcohol,  506 
aldehyd,  506 
Vanillin,  506,  664 
Vapour-densities,  192 

density  determined,  464 
Varnishes,  484 
Vasculose,  634,  661 
Vaselin,  470 

Vegetable  brimstone,  102 
parchment,  207 
Vegetation,  chemistry  of,  714 
Velocities  of  molecules,  20 
Venetian  red,  332 
Venice  turpentine,  480 


j Ventilation,  80 
Veratralbine,  602 
Vera  trie  acid,  636 
Veratrine,  602 
Veratrol,  636 
Verdigris,  511 
Verditer,  380 
Vermilion,  414 
Vert  de  G-uignet,  347 
Vesta  matches,  166 
Victor  Meyer’s  apparatus,  464 
Vinasses,  574 
Vinegar1,  composition,  510 
manufacture,  310 
Vinic  acids,  556 
Vinyl  chloride,  554 
Violet  bronze,  369 
Viridine,  671 

Viscous  fermentation,  705 
Vitriol,  200 

chambers,  203 
Vivianite,  334 
Volcanic  ammonia,  267 
Voltameter,  37 
Volumes,  law  of,  2,  3, 
standard,  3 

Vulcanised  caoutchouc,  485 
Vulcanite,  485 

WAD,  340 

Walls,  efflorescence  on,  265 
Washing  precipitates,  115 
Wash  leather,  696 
Watch-spring  burnt  in  oxygen,  31 
Water,  33 

action  on  metals,  13 
analysis,  9 

chemical  relations  of  42 
crystallisation  of,  34 
decomposed  by  battery,  9 
heat,  13 

distilled,  53 
electrolysis  of,  10 
from  natural  sources,  45 
-gas,  89 
hard,  47 

of  constitution,  44 
of  crystallisation,  44 
oxygenated,  55 
purified,  33 
soft,  47 

synthesis  of,  35 
tested,  52 

Waterproof  cloth,  485 
felt,  485 
Waters,  mineral,  52 
Water  vapour,  35 
Wavellite,  304 
Wax,  bees’,  493,  561 
bleached,  698 
Chinese,  493 
Weights,  standard,  3 
Weld,  667 
Welding,  323 

Weldon’s  chlorine  process.  148 
soda  process,  261 
Well-water,  46 
Welsh- coal,  74 
Welter’s  law,  26 
Wermuth,  665 
Whale  oil,  697 
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Wheat,  701 

sprouted,  702 
Wheaten  flour,  707 
Whey,  71X 
Whisky,  706 
White  gunpowder,  165 
iron,  31c 
lead,  395 

manufacture,  395 
ore,  385 
metal,  373 
of  egg,  679 
precipitate,  412 

fusible,  412 

vitriol,  295 
Whitworth  steel,  329 
Willow-bark,  662 
Windows,  crystals  on,  269 
Wine,  705 

Wines,  alcohol  in,  706 
Winter-green  oil,  561 
Wire-iron,  320 
Witherite,  276,  277 
Wolfram,  368 
Wood,  carbonisation,  66 
-charcoal,  66 
combustion,  66 
composition,  443 
distillation,  68,  491 
for  gunpowder-charcoal,  444 
-naphtha,  491 
preservation  of,  718 
-smoke,  722 
-spirit,  491 
Woody  fibre,  654 
Worm,  S3 
Worm-seed,  665 
Wormwood,  665 
Wort,  487 
Wrought-iron,  317 

Xahthates,  49.1 
Xanthic  acid,  494 
Xanthine,  677 
Xanthogen  persulphide,  494 
Xanthoproteic  acid,  680 
Wan  thus  i derite,  241 
Xylene,  477,  733 

-glycol,  496 
Xylenite,  661 
Xylidine,  585 

rosaniline,  586 
Xyloidin,  652 
Xylol,  477 

Yeast,  487,  704 
Yellow,  chrome,  346 


Yellow  dyes,  694 
fire,  264 
Indian,  667 
oclire,  309 
orpiment,  244 
Paris,  397 
ultramarine,  346 
Ytterbium,  305 
Yttrium,  304 
Yttrotantalite,  370 

Zaffbe, 338 
Zinc,  289 

acetate,  512 
amalgam,  409 
amalgamated,  409 
amide,  567 
arsenide,  242 
arsenite,  239 
boiling-point,  291 
carbonate,  294 
chloride,  294 
cyanide,  607 
diamine,  294 
diethide,  565 
diethylate,  567 
dimethide,  567 
distilled,  291 
dust,  294 
ethyle,  565 
extraction,  291 
granulated,  17 
hydrate,  294 
hydrosulphite,  212 
hydroxide,  294 
hyposulphite,  212 
impurities  in,  293 
lactate,  523 
mercaptide,  567 
metallurgy  of,  290 
methyle,  567 
methyl-methylate,  567 
nitride,  294 
ores,  290 
oxide,  294 
oxychloride,  295 
phosphate,  296 
removal  of  lead  from,  29 
sarcolactate,  523 
sulphate,  295 
sulphide,  295 
valerianate,  5x4 
Zinc-white,  294 
Zircon,  305 
Zirconia,  305 
Zirconium,  305 
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